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Scientific Studies and Analyses 

D. Clinical Studies  

1. Background 

As noted in Section VIII. A. Product Analysis, the SPECTRUM® NRC 102 and NRC103 

cigarettes, PARE® cigarettes and VLN™ cigarettes are the same cigarette. These products are 

made to the same specifications, use the same materials and ingredients, use the same blend 

and have the same smoke chemistry. As noted elsewhere, SPECTRUM® is a research cigarette 

made by 22nd Century for NIDA. The results of SPECTRUM® studies come from published articles. 

Prior to the production of SPECTRUM® cigarettes, NIDA contracted with Ultratech to produce low 

nicotine cigarettes. The tobacco in these cigarettes was extracted to remove the nicotine. Xodus 

was a VLN™ product sold by 22nd Century in 2010. Xodus used VLN™ tobacco but had a nicotine 

in filler level of about 1.8 mg/g tobacco dry weight. PARE® was the subject of a 2015 MRTP 

application by 22nd Century. There are no published or 22nd Century-sponsored clinical studies 
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with PARE®. VLN™ is the subject of this application. These studies on VLN™ and SPECTRUM® serve 

as the primary basis for supporting the claims on VLNTM. There are additional studies on Quest 3, 

X-22, Ultratech, and Magic VLNC cigarettes. As shown by the nicotine in filler and HPHC data, 

these products are substantially similar to VLN™ but not exactly the same. The results from these 

products are supportive of the primary studies with SPECTRUM® and VLN™ cigarettes. X-22 was 

the subject of an IND for cessation conducted by 22nd Century. Quest was the subject of an IND 

submission by Vector Tobacco, Inc. SPECTRUM® is a brand family of cigarettes with varying 

nicotine and tar levels. The SPECTRUM® cigarettes that are the same as VLN™ are identified as 

NRC 102 (regular king) and NRC 103 (menthol king). These cigarettes are sometimes identified by 

their nicotine in tobacco content levels nominally reported as 0.4 mg/g. They are also reported 

with their nicotine in smoke yields of 0.05 mg/cig. There is an additional set of studies conducted 

using cigarettes that have had the nicotine removed by chemical extraction processes. The most 

prominent product was Philip Morris’ Next product made with de-nicotinized tobacco. Philip 

Morris also made test cigarettes for research purposes (Coffa et al. 2016 [pg 298]). These cigarettes 

were provided principally to Dr. Neil Benowitz and are the subject of many of his publications on 

VLNC cigarettes. These studies are generally excluded from this discussion because they are 

made using tobacco that has been processed in a completely different manner (extraction with 

super critical CO2) as compared to the naturally produced VLN™ tobacco and the products appear 

to perform differently. Table VIII.D-1. Smoke chemistry (HPHC) comparison of VLN™ to Philip Morris’ 

denicotinized research (de-nic) cigarettes under ISO smoking conditions., shows a comparison of the 

smoke chemistry of VLN™ to the king size denicotinized (de-nic) research cigarettes (Coffa et al. 

2016 [pg 298]). The most important difference between the two cigarettes is the nicotine in smoke 
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yield. The de-nic product yielded almost 6 times more nicotine (0.12 mg/cig as compared to 

0.0246 for VLN™). The de-nic product had 9.94 mg of tar as compared to 6.98 for VLN™. The puff 

count was also substantially different: 10.3 vs. 5.76 for VLN™. Many other smoke constituents 

were substantially different from VLN™: acetaldehyde, acrolein, 4-aminobiphenyl, 

benzo[a]pyrene, 1,3 butadiene, and NNK. There are no bridging studies comparing de-nic tobacco 

to VLN™ tobacco.  

Inclusion of studies in this section was limited to products that were made with VLN™ 

tobacco and had a nicotine content comparable to 0.4 mg/g tobacco. When different 

SPECTRUM® cigarettes were used in a study, only the ones with O.4 mg nicotine (NRC102 and 

NRC103) are discussed. If the study evaluated gradual reduction in nicotine compared to 

immediate reduction, only the immediate reduction data is discussed since that will be the 

situation when VLN™ is introduced. (VLN™ will only be offered in one nicotine level.)  If the 

VLNTM cigarette was used in combination with NRT and a placebo NRT, only the cigarette data 

with the placebo NRT was discussed (unless the NRT was relevant to the review). That is, data 

was parsed to reveal only the effects of VLNC cigarettes. Only studies with health risk data are 

included. Studies that discussed, for example, purchase intent as a function of pricing are not 

included. Studies that used SPECTRUM® cigarettes over a dose range testing discrimination are 

also not included since they did not evaluate health effects. Also, studies that reviewed original 

Quest labeling and consumers perception of reduced risk claims are not included since the 

claims for VLN™ are different. 
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Table VIII.D-1. Smoke chemistry (HPHC) comparison of VLN™ to Philip Morris’ denicotinized research (de-nic) 
cigarettes under ISO smoking conditions. 

ISO Smoking Conditions de-nic VLN™ King  

Constituent Unit   

Acetaldehyde  ( g/cig) 
478 
 (17) 

647  
(56) 

Acrolein  ( g/cig) 
48 

 (1.3) 
29.6  
(3.3) 

Acrylonitrile  ( g/cig) 
13.5 (1.9) 11.5 

 (0.8)  

Aminobiphenyl, 4-  (ng/cig) 
1.71 

(0.15) 
1.57 (0.11) 

Aminonaphthalene, 1-  (ng/cig) 
* 10.1  

(1) 

Aminonaphthalene, 2-  (ng/cig) 
8.24 

(0.67) 
5.63 (0.44) 

Ammonia  ( g/cig) 
* 30.1 

 (5.0) 

Benzene  ( g/cig) 
43.6  
(5.6) 

37.8 
 (2.2) 

Benzo[a]pyrene  (ng/cig) 
6.63 

(0.15) 
2.84 (0.15) 

Butadiene, 1,3-  ( g/cig) 
57.2  
(5.1) 

34.5  
(1.3) 

Carbon Monoxide  (mg/cig) 
10.4 

(0.57) 
11.8  
(0.6) 

Crotonaldehyde  ( g/cig) 
* 12.6  

(1.5) 

Formaldehyde  ( g/cig) 
8.48 

(0.98) 
6.32 (0.45) 

Isoprene  ( g/cig) 
545 
(36) 

332 
 (15) 

Nicotine  (mg/cig) 
0.120 

(0.0022) 
0.0246 (0.0015) 

NNK  (ng/cig) 
44.8  
(4.4) 

12.5  
(1.2) 

NNN  (ng/cig) 
53.5  
(1.8) 

62 
 (2.2) 

NAB (ng/cig) * 1.39 (0.11) 
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ISO Smoking Conditions de-nic VLN™ King  

NAT (ng/cig) 
* 5.48  

(0.46) 

NO ( g/cig) 
* 179  

(7) 

NOx ( g/cig) 
262  
(9.3) 

301 
 (12) 

Toluene  ( g/cig) 
73.5  
(3.4) 

60.3 
 (4.5) 

Tar (mg/cig) 
9.94 

(0.15) 
6.98 
 (0.4) 

Water (mg/cig) 
0.943 

(0.082) 
0.466 (0.146) 

Puffs (#/cig) 
10.3 

(0.08) 
5.76 (0.17) 

Laboratory 
Philip 
Morris 

Int. 
Enthalpy Analytical 

Reference 

Coffa et 
al. 2016 
[pg 298] 

 

Enthalpy 
Analytical 2018 

ProjCode 
0318-026 [pg 299] 

* Not Measured 

2. Summary 

A total of 68 clinical studies were identified that provided relevant safety and efficacy data 

on VLNC cigarettes. Of these, 38 are primary studies using VLN™/SPECTRUM®. There are 

supporting studies using Quest 3 (19), Xodus (5), Magic (1), and X-22 (1)1. There are two IND’s 

included in the submission. One on Quest 3 by Vector Tobacco (Vector Tobacco Inc. 2006, IND 

69185 [pg 304]) and the other by 22nd Century on X-22 (22nd Century Group 2011, IND 103589 

[pg 297].  These studies are old and the records are incomplete. 22nd Century considers these 

                                                           
1 The count of the studies does not add up to the total studies reviewed. Some studies used more than one kind of 
cigarette and studies (4) on another NIDA provided VLNC cigarette – Ultratech were included. 
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studies supportive of its application and not primary. These studies on VLN/SPECTRUM 

demonstrate that use of VLN™ and products containing VLN™ tobacco results in a reduction in 

CPD without compensation. There is a concurrent reduction in nicotine and some biomarkers of 

exposure (NNAL, 3-HPMA, CO). As CPD decreases, generally BOE tends to decrease. Even under 

conditions where there was non-compliance, plasma nicotine and biomarkers were still reduced. 

CPD is also reduced in nondaily smokers. There is a reduction in dependence, cravings, and 

smoking urges. Quit attempts, smoke free days, and abstinence are increased.  

There appear to be sex differences in the subjective responses to VLN™.  Fast and slow 

nicotine metabolizers respond the same to VLN™. Studies in adolescents suggest that VLN™ is 

less reinforcing, implying that the VLN™ cigarettes might be less appealing to youth. There was 

no indication of compensation in adolescents.   

VLN™ use does not appear to affect cannabis or alcohol use. Use of opioids did not appear 

to affect the response to VLN™.  Use of VLN™ with NRT appears to increase abstinence and 

reduce withdrawal. Use of VLN™ by schizophrenics did not increase smoking intensity. 

Schizophrenics appeared to respond to VLN™ in a manner similar to normal smokers. In a 

preliminary study, individuals with affective disorders responded similarly to VLN™ as normal 

smokers. Depressed individuals also responded similarly.  

There are two potential unintended consequences of using VLN™. The first is weight gain. 

It is well known that people who quit smoking gain weight. The same thing seems to happen 

when they switch to VLN™. Tobacco smoke causes the formation of aortic lesions and clots. 

Nicotine appears to inhibit the activation of platelets. Preliminary studies suggest that removing 
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nicotine from tobacco could result in more activation of platelets. There is no clinical 

confirmation that use of VLNC cigarettes will result in increased cardiovascular disease. The 

reduction in smoking and the concomitant reduction in morbidity may overshadow a small effect 

on platelet activation. There have been no serious adverse events attributable to VLN™. 

3. Individual Study Summaries 

Table VIII.D-2. Studies conducted with VLNC cigarettes. below summarizes the clinical studies conducted 

with the various products.  The study end points of interest are listed. Abbreviations include BOE 

(Biomarkers of Exposure) and CPD (Cigarettes Per Day). The number of subjects is the number enrolled in 

the study. Reviews of the individual studies follows. 

Table VIII.D-2. Studies conducted with VLNC cigarettes. 

Section 
Number 

Product Cigarette 
Exposure 
Duration 

Study/ Article Title No. of 
Subjects 

End Points Reference 

i VLN™ Single 
sessions 

Evaluation of the 
abuse liability of very 
low nicotine 
cigarettes.  

55 Abuse 
Liability 

Altasciences 
2018 Protocol 
CEG-P9-153  
[pg 297] 
 

ii VLN™ Single 
sessions 

Evaluation of the 
abuse liability of very 
low nicotine 
mentholated 
cigarettes. 

60 Abuse 
Liability 

Altasciences 
2019 Protocol 
CEG-p1-078 
[pg297] 
 

iii VLN™ 6-weeks A longitudinal 
ambulatory study to 
assess changes in 
cigarettes 
consumption behavior 
and biomarkers of 
exposure during a 6-
week switch to very 
low nicotine. 

140 Smoking 
Behavior; 
CPD; BOE; 
Topography  

This Application 

iv X-22 6-weeks A prospective, double-
blind, randomized, 
active controlled, 
parallel group, 
multicenter phase ii 
clinical trial to 
evaluate the 

232 Smoking 
Behavior; 
CPD 

22nd Century 
Group 2011, 
IND 103589 
[pg 297] 
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effectiveness of x-22 
as a smoking cessation 
aid. 
 

v Quest 3 2-weeks A randomized trial of 
nicotine replacement 
therapy in 
combination with 
reduced-nicotine 
cigarettes for smoking 
cessation. 

346 Cessation Becker et al. 
2008 
[pg297] 

vi Quest 3 6-weeks Reduced nicotine 
content cigarettes: 
effects on toxicant 
exposure, dependence 
and cessation. 

165 Smoking 
Behavior; 
CPD; BOE; 
Subjective 
Questionnair
e; Cessation 

Hatsukami et 
al. 2010 
[pg 300] 

vii SPECTRUM 6-weeks Randomized trial of 
reduced-nicotine 
standards for 
cigarettes. 

840 Smoking 
Behavior; 
CPD; BOE 

Donny et al. 
2015 
[pg299] 
 

viii Quest 3 Single 
sessions 

Transient 
compensatory 
smoking in response 
to placebo cigarettes. 

83 Smoking 
Behavior; 
Topography; 
Subjective 
Questionnair
e 

MacQueen et 
al. 2012 
[pg301] 
 

ix Quest 3 35-days A randomized 
controlled trial of 
progressively reduced 
nicotine content 
cigarettes on smoking 
behaviors, biomarkers 
of exposure, and 
subjective ratings. 

168 CPD; 
Topography; 
BOE 

Mercincavage 
et al. 2016 
[pg 301] 

x Quest 3 Single 
session 

New lower nicotine 
cigarettes can produce 
compensatory 
smoking and 
increased carbon 
monoxide exposure. 

50 Smoking 
Behavior: 
Topography; 
Subjective 
Questionnair
e 

Strasser et al. 
2007 
[pg303] 

xi Quest 3 Single 
sessions 

The acute effects of 
nicotine on the 
subjective and 
behavioural responses 
to denicotinized 
tobacco in dependent 
smokers. 

27 Smoking 
Behavior; 
Subjective 
Evaluations 

Barrett and 
Darredeau 2012 
[pg297] 

xii Quest 3 Single 
session 

The effects of 
nicotine, denicotinized 
tobacco, and nicotine-
containing tobacco on 

22 Subjective 
Questionnair
e 

Barrett 2010 
[pg 297] 
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cigarette craving, 
withdrawal, and self-
administration in male 
and female smokers. 

xiii SPECTRUM Single 
session 

Smoking topography 
characteristics of very 
low nicotine content 
cigarettes, with and 
without nicotine 
replacement, in 
smokers with 
schizophrenia and 
controls. 

50 Smoking 
Behavior; 
Topography 

Tidey et al. 
2016 
[pg304] 

xiv SPECTRUM 6-weeks The impact of smoking 
very low nicotine 
content cigarettes on 
alcohol use. 

839 Smoking 
Behavior 

Dermody et al. 
2016    
[pg299]             

xv SPECTRUM 10-weeks Nondaily smokers’ 
changes in cigarette 
consumption with 
very low -nicotine -
content cigarettes: a 
randomized double-
blind clinical trial 

238 Smoking 
Behavior; 
CPD; BOE; 
Cessation 

Shiffman et al. 
2018 
[pg 303] 

xvi SPECTRUM Single 
session 

Response to varying 
the nicotine content 
of cigarettes in 
vulnerable 
populations: an initial 
experimental 
examination of acute 
effects. 

26 Smoking 
Behavior; 
Topography; 
Subjective 
Questionnair
e 

Higgins et al. 
2017, 
Psychopharmac
ology 
[pg300] 

xvii SPECTRUM 5-days Nicotine and 
anatabine exposure 
from very low nicotine 
content cigarettes. 

23 BOE Denlinger et al. 
2016 
[pg298] 

xviii Quest 3 Single 
session 

Alcohol-induced 
increases in smoking 
behavior for 
nicotinized and 
denicotinized 
cigarettes in men and 
women. 

42 Smoking 
Behavior; 
Topography 

King et al. 2009 
[pg301] 

xix Quest 3 
and Xodus 

6-weeks Greater reductions in 
nicotine exposure 
while smoking very 
low nicotine content 
cigarettes predict 
smoking cessation. 

112 BOE; 
Cessation 

Dermody et al. 
2015 
[pg298] 

xx SPECTRUM 8-weeks Reduced nicotine 
content cigarettes and 
use of alternative 

136 CPD; BOE Hatsukami et 
al. 2017 
[pg300] 
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nicotine products: 
exploratory trial. 

xxi Magic 12-weeks Abrupt nicotine 
reduction as an 
endgame policy: a 
randomized trial 

33 CPD; BOE; 
Subjective 
Questionnair
e; Cessation 

Walker et al. 
2014 
[pg304] 

xxii SPECTRUM 6 weeks Evaluation of a 
reduced nicotine 
product standard: 
moderating effects of 
and impact on 
cannabis use. 

717 Smoking 
Behavior; 
CPD; BOE 

Pacek et al. 
2016 
[pg302] 

xxiii Quest 3 2-weeks Treating smokers 
before the quit date: 
can nicotine patches 
and denicotinized 
cigarettes reduce 
cravings? 

98 Cessation; 
Subjective 
Questionnair
e 

Rezaishiraz et 
al. 2007 
[pg303] 

xxiv SPECTRUM 6-weeks Effects of 6-week use 
of reduced-nicotine 
content cigarettes in 
smokers with and 
without elevated 
depressive symptoms. 

717 Smoking 
Behavior; 
CPD; BOE 

Tidey et al. 
2017 
[pg303] 

xxv Quest 6-weeks A prospective, double-
blind, randomized, 
active controlled, 
parallel group, 
multicenter phase ii 
clinical trial to 
evaluate the 
effectiveness of quest 
alone and in 
combination with 
nicotine replacement 
therapy as a smoking 
cessation aid. 

234 Cessation Vector Tobacco 
Inc. 2006, IND 
69185 
[pg304] 

xxvi Quest 3 Single 
session 

Sex differences in 
acute relief of 
abstinence- 
Induced withdrawal 
and negative affect 
due to 
Nicotine content in 
cigarettes. 

44 Topography; 
Subjective 
Questionnair
e 

Perkins and 
Karelitz, 2015 
[pg302] 

xxvii Quest 3 
and Xodus 

6-weeks Reduced nicotine 
content cigarettes and 
nicotine patch. 

219 CPD; BOE; 
Subjective 
Questionnair
e 

Hatsukami et 
al. 2013, Cancer 
Epidemiology, 
Biomarkers & 
Prevention 
[pg300] 
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xxviii Quest 3 7-days Reduced nicotine 
cigarettes: smoking 
behavior and 
biomarkers of 
exposure in smokers 
not intending to quit. 

72 CPD; BOE; 
Subjective 
Questionnair
e 

Hammond and 
O'Connor 2014 
[pg300] 

xxix Quest 3 9-days Prolonged exposure to 
denicotinized 
cigarettes with or 
without transdermal 
nicotine. 

68 Topography; 
CPD; 
Subjective 
Questionnair
e 

Donny and 
Jones 2009 
[pg299] 

xxx Quest 3 6-weeks The combined effect 
of very low nicotine 
content cigarettes, 
used as an adjunct to 
usual quitline care 
(nicotine replacement 
therapy and 
behavioural support), 
on smoking cessation: 
a randomized 
controlled trial. 

1410 Cessation Walker et al. 
2012  

[pg304] 

xxxi SPECTRUM Single 
session 

Reduced-nicotine 
cigarettes in young 
smokers: impact of 
nicotine metabolism 
on nicotine dose 
effects. 

46 BOE; 
Subjective 
Questionnair
e 

Faulkner et al. 
2017 
[pg299] 

xxxii Ultratech 
<0.06 mg 
Nicotine) 

Single 
session 

Pharmacodynamic 
effects of new de-
nicotinized cigarettes. 

20 BOE; 
Subjective 
Questionnair
e 

Pickworth et al. 
1999 
[pg303] 

xxxiii Ultratech 
<0.06 mg 
Nicotine) 

Single 
session 

Smoking topography 
in response to 
denicontinized and 
high-yield nicotine 
cigarettes in 
adolescent smokers 

35 Topography; 
Subjective 
Questionnair
e 

Kassel et al. 
2007 
[pg301] 

xxxiv Quest and 
Xodus 

6-weeks Sex differences in 
response to reduced 
nicotine content 
cigarettes. 

235 CPD; BOE; 
Subjective 
Questionnair
e; Cessation 

Vogel et al. 
2014  
[pg304] 

xxxv Xodus 9-weeks Complementing the 
standard 
multicomponent 
treatment for smokers 
with denicotinized cig
arettes: a randomized 
trial. 

200 Subjective 
Questionnair
e; Cessation 

McRobbie et al. 
2016  
[pg301] 
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xxxvi Quest 3 Single 
session 

Cognitive effects of 
very low nicotine 
content cigarettes, 
with and without 
nicotine replacement, 
in smokers with 
schizophrenia and 
controls. 

57 Subjective 
Questionnair
e 

AhnAllen et al. 
2015  
[pg297] 

xxxvii Quest 3 7-days Mouth-level intake of 
benzo[a]pyrene from 
reduced nicotine 
cigarettes. 

72 BOE Ding et al. 2014 
[pg299] 

xxxviii SPECTRUM Single 
sessions 
and 1 week 

Dose-response effects 
of spectrum research 
cigarettes. 

51 BOE; 
Subjective 
Questionnair
e 

Hatsukami et 
al. 2013, 
Nicotine & 
Tobacco 
Research 
[pg300] 

xxxix SPECTRUM 6-weeks Effects of reduced 
nicotine content 
cigarettes on 
individual withdrawal 
symptoms over time 
and during 
abstinence. 

839 Subjective 
Questionnair
e 

Dermody et al. 
2018 
[pg298] 

xl Quest 3 Single 
sessions 

Nicotine and non-
nicotine smoking 
factors differentially 
modulate craving, 
withdrawal and 
cerebral blood flow as 
measured by arterial 
spin labeling. 

29 Cerebral 
Blood Flow 

Addicott et al. 
2014 
[pg297] 

xli Ultratech 
(0.07 mg 
Nicotine) 

Single 
session 

Experimental evidence 
for a causal 
relationship between 
smoking lapse and 
relapse. 

87 BOE; 
Subjective 
Questionnair
e 

Juliano et al. 
2006 
[pg301] 

xlii Quest 3 Single 
session 

Decreasing nicotine 
content reduces 
subjective and 
physiological effects 
of smoking. 

8 Subjective 
Questionnair
e; Physiology 

Penetar et al. 
2014 
[pg302] 

xliii Quest 3 Single 
session 

Evaluating the acute 
effects of oral, non-
combustible potential 
reduced exposure 
products marketed to 
smokers. 

28 BOE; 
Subjective 
Questionnair
e 

Cobb et al. 
2010 
[pg298] 

xliv Quest 3 Single 
session 

The airway sensory 
impact of nicotine 
contributes to the 

20 Subjective 
Questionnair
e 

Naqvi and 
Bechara 2005 
[pg302] 
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conditioned 
reinforcing effects of 
individual puffs from 
cigarettes. 

xlv Ultratech Single 
sessions 

Placebo cigarettes in a 
spaced smoking 
paradigm. 

8 Subjective 
Questionnair
e; BOE; 
Physiology 

Eid et al. 2005 
[pg299] 

xlvi SPECTRUM 6-weeks Reducing nicotine 
exposure results in 
weight gain in 
smokers randomized 
to very low nicotine 
content cigarettes. 

839 Weight gain; Rupprecht et al. 
2017 
[pg303] 

xlvii Quest 3 Single 
sessions 

Separate and 
combined effects of 
very low nicotine 
cigarettes and 
nicotine replacement 
in smokers with 
schizophrenia and 
controls. 

56 Topography; 
CPD, 
Subjective 
Questionnair
e 

Tidey et al. 
2013 
[pg304] 

xlviii SPECTRUM Single 
sessions 

Adolescent smokers’ 
response to reducing 
the nicotine content 
of cigarettes: 
Acute effects on 
withdrawal symptoms 
and subjective 
evaluations. 

50 Subjective 
Questionnair
e 

Cassidy et al. 
2018, Drug and 
Alcohol 
Dependence 
[pg298] 

xlix Quest 3 11-day Smoking in the 
absence of nicotine: 
behavioral, subjective 
and physiological 
effects over 11 days. 

30 Topography; 
CPD; 
Subjective 
Questionnair
e 

Donny et al. 
2007 
[pg299] 

l SPECTRUM 6-weeks Estimations and 
predictors of non-
compliance in 
switchers to reduced 
nicotine content 
cigarettes. 

242 Smoking 
Behavior; 
CPD; BOE 

Nardone et al. 
2016 
[pg302] 

li SPECTRUM Single 
sessions 

Preliminary test of 
cigarette nicotine 
discrimination 
threshold in non-
dependent versus 
dependent smokers. 

21 Subjective 
Questionnair
e 

Perkins et al. 
2017 
[pg302] 

lii Quest 3 Single 
sessions 

Effects of low nicotine 
content cigarettes on 
smoke intake. 

16 BOE; 
Topography; 
Subjective 
Questionnair
e 

Rose and Behm 
2004 
[pg303] 
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liii SPECTRUM 6-weeks Age moderates 
smokers’ subjective 
response to very-low 
nicotine content 
cigarettes: evidence 
from a randomized 
controlled trial. 

839 BOE; 
Topography; 
Subjective 
Questionnair
e 

Cassidy et al. 
2018, Nicotine 
and Tobacco 
[pg298] 

liv SPECTRUM Single 
session 

Sex differences in 
tobacco withdrawal 
and responses to 
smoking reduced-
nicotine cigarettes in 
young smokers. 

46 BOE; 
Topography; 
Subjective 
Questionnair
e 

Faulkner et al. 
2018 
[pg299] 

lv SPECTRUM Single 
sessions 

Response to reduced 
nicotine content 
cigarette among 
smokers differing in 
tobacco dependence 
severity.  

169 Topography; 
Subjective 
Questionnair
e 

Higgins et al. 
2018 
[pg301] 

lvi SPECTRUM 6-weeks Cigarette nicotine 
content as a 
moderator of the 
relationship between 
negative effect and 
smoking. 

717 CPD; 
Subjective 
Questionnair
e 

Robinson et al. 
2017 
[pg303] 

lvii Quest 3 Single 
session 

Effects of acute 
abstinence and 
nicotine 
Administration on 
taste perception 
In cigarette smokers. 

458 Taste Tests; 
Subjective 
Questionnair
e 

Mullings et al. 
2010 
[pg302] 

lviii SPECTRUM Single 
session 

Threshold dose for 
discrimination of 
nicotine via cigarette 
smoking. 

18 Subjective 
Questionnair
e 

Perkins et al. 
2016 
[pg302] 

lix SPECTRUM 6-weeks Estimation of 
compliance with 
exclusive smoking of 
very low nicotine 
Content cigarettes 
using plasma cotinine. 

100 BOE; CPD; 
Subjective 
Questionnair
e 

Foulds et al. 
2018 
[pg299] 

lx SPECTRUM Single 
sessions 

Addiction potential of 
cigarettes with 
reduced nicotine 
content in populations 
with psychiatric 
disorders and other 
vulnerabilities to 
tobacco addiction. 

169 Topography; 
Subjective 
Questionnair
e 

Higgins, et al. 
2017 JAMA 
[pg300] 

lxi Quest 3 Single 
sessions 

The influence of 
nicotine dose and 
nicotine dose 

148 Topography; 
Subjective 

Juliano et al 
2011 
[pg301] 
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expectancy on the 
cognitive and 
subjective effects of 
cigarette smoking. 

Questionnair
e 

lxii SPECTRUM 20-weeks Effect of immediate vs 
gradual reduction in 
nicotine content of 
cigarettes on 
biomarkers of smoke 
exposure: a 
randomized clinical 
trial. 

1250 BOE; CPD Hatsukami et 
al. 2018 
[pg300] 

lxiii SPECTRUM Single 
Sessions 

Preliminary validity of 
the modified cigarette 
evaluation 
questionnaire in 
predicting the 
reinforcing effects of 
cigarettes that vary in 
nicotine content. 

26 Subjective 
Questionnair
e 

Arger et al. 
2017 
[pg297] 

lxiv Quest 3 Single 
Session 

Reduced-nicotine 
cigarettes increase 
platelet 
Activation in smokers 
in vivo: a dilemma in 
harm 
Reduction. 

64 Platelet 
Activation 

Girdhar et al. 
2008, Nicotine 
& Tobacco 
Research 
[pg300] 

lxv SPECTRUM Single 
Sessions 

Pharmacokinetic 
profile of Spectrum 
reduced nicotine 
cigarettes 

12 BOE; 
Subjective 
Questionnair
e 

Kamens et al. 
2019  
[pg301] 

lxvi SPECTRUM  Response to reduced 
nicotine content in 
vulnerable 
populations: Effect of 
menthol status 

169 CPD; 
Subjective 
Questionnair
e 

Davis et al. 2019 
[pg298] 

lxvii SPECTRUM Single 
Sessions 

Evaluation of menthol 
per se on acute 
perceptions and 
behavioral choice of 
cigarettes 

73 Subjective 
Questionnair
e 

Perkins et al.  
2018 
[pg302] 

lxviii SPECTRUM Single 
Sessions 

The impact of nicotine 
dose on the 
reinforcing value of 
cigarettes in 
adolescents 

50 Cigarette 
Purchase 
Task 

Cassidy et al. 
2019 
[pg298] 

 

There are three clinical studies underway/conducted on VLN™ cigarettes by 22nd Century: 

Evaluation of the abuse liability of very low nicotine cigarettes.  
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Evaluation of the abuse liability of very low nicotine mentholated cigarettes. 

A longitudinal ambulatory study to assess changes in cigarettes consumption 

behavior and biomarkers of exposure during a 6-week switch to very low nicotine.  

i. Evaluation of the Abuse Liability of Very Low Nicotine Cigarettes (NCT0359751) 

Study Design 

The abuse liability studies were conducted by Altasciences Clinical Research in Overland 

Park, KS. The two studies were performed concurrently and followed the same protocol design. 

The primary objective of this study was: 

To evaluate the abuse liability of VLN™ cigarettes (0.4 mg nicotine/gram of 

tobacco) relative to own-brand cigarettes and 4 mg nicotine polacrilex gum under 

controlled use and uncontrolled (ad libitum) use conditions. 

The secondary objectives of the study were:  

To compare the nicotine pharmacokinetic (PK) profiles of VLN™ cigarettes 

relative to own-brand cigarettes and nicotine polacrilex gum under controlled use and 

uncontrolled use conditions. 

To characterize product use behavior of VLN™ cigarettes, own-brand 

cigarettes, and nicotine polacrilex gum. 

This study was a randomized, two-part, 3-way crossover, designed to evaluate the abuse 

liability, PK, and product use behavior associated with study products, including VLN™ cigarettes, 

subjects’ own-brand regular cigarettes, and nicotine polacrilex gum in healthy adult male and 

female exclusive smokers.  Subjects participated in a standard Screening visit and one 7-day 

Confined Assessment Phase, which included a product trial session (Day -1), and two study parts 
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(Part A and Part B).  Following the Screening visit, eligible subjects checked in to the study site on 

Day -1. Following the polacrilex gum training session, subjects were required to abstain from 

nicotine- and tobacco-containing products for approximately 20 hours until the first product use 

session on Days 1 to 3; use of other nicotine-containing products was prohibited throughout the 

study. No additional tobacco or nicotine products was provided after the second product use on 

Days 4 to 6. 

On Day 1, subjects were randomized to one of three product sequence groups in Part A, 

which consisted of an ad libitum product use session for each of the following study products for 

4 hours in a randomized crossover manner (Days 1 to 3; one product per day): 

Product A: VLN™ regular cigarette 

Product B: Own-brand regular filtered standard king size cigarette  

Product C: 4 mg Nicotine polacrilex gum (Nicorette®) 

A pharmacodynamic measure (“use product again” visual analog scale [VAS]) was 

administered at the end of each ad libitum product use period. Product use behaviors (i.e., 

number of units consumed, duration of gum in mouth) were collected throughout each ad libitum 

product use period. 

Upon completion of Part A, subjects were randomized to one of three product sequence 

groups in Part B, which consisted of 3 study days (Days 4 to 6), with one product per day. Each 

study day consisted of: 1) Controlled Product Use Session (10 puffs from their own-brand 

cigarette or VLN™ cigarette [maximum 3 ± 2 seconds per puff] at approximately 30 ± 5-second 

interpuff intervals, or chew the nicotine polacrilex gum using the “chew and park” method for 10 
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minutes); and 2) Uncontrolled Product Use Session (ad libitum use for 10 minutes). The 

Controlled Product Use Session and Uncontrolled Product Use Session were separated by 

approximately 6 hours. During Part B, pharmacodynamic measures, PK, and product use behavior 

(Uncontrolled only) were collected at various time points each day. Figure VIII.D-1. Abuse Liability 

Study Design, below shows the outline of the study design. 

Figure VIII.D-1. Abuse Liability Study Design 

 

The Table VIII.D-3 below shows the schedule of assessments. 
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Table VIII.D-3. Schedule of assessments. 

Screening Check-
in

Part 
A Part B End of 

Study/ET
Day: -28 to –2 -1 1 to 3 4 to 6 (Daily controlled use and uncontrolled use sessions) 6

Assessment Assessment timepoints (minutes2)

Informed consent X
Demographics X
Medical history X
Review of eligibility X X
Physical 
examination X X3 X22

Height, weight, BMI X
HIV, Hepatitis B/C X

Pregnancy test X4 X5

FSH (post-
menopausal women) X       
Vital signs6 X X       X

Oral temperature X X X 
12-lead ECG X X
Urine cotinine 
screen X

Urine drug and 
alcohol test X X

Clinical laboratory 
tests7 X X

Concomitant 
medications X X X <--------- Recorded throughout ---------> X

AE Monitoring8 X X X <--------- Recorded throughout ---------> X

Randomization pre9 pre
10

Product use X11 X12 <0
13 - - - >

                                                           
2 All listed timepoints were minutes after the start of product use 
3 Abbreviated (symptom-directed) physical examination performed at the investigator’s discretion 
4 Serum pregnancy test 
5 Urine pregnancy test 
6 Vital signs included respiratory rate, pulse rate and blood pressure 
7 Clinical laboratory assessments included hematology, biochemistry, and urinalysis 
8 Spontaneous AE reporting was continuous throughout the study, beginning with the time the subject gave 
informed consent; however, at regular intervals, AE checks were performed using a non-leading question. 
9 Day 1 only 
10 Day 4 only 
11 Trial of 4 mg nicotine polacrilex gum for 10 minutes  
12 Product use under ad libitum condition for 4 hours on each day 
13 First product under controlled use condition manner (10 puffs [maximum 3 ± 2 seconds per puff] with 
approximately 30-second inter-puff-intervals for cigarettes and 10 minutes “chew and park” for nicotine polacrilex 
gum) and second product under uncontrolled use condition for approximately 10 minutes (ad libitum) with 
approximately 6 hours in between 1st and 2nd use sessions 
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Screening Check-
in

Part 
A Part B End of 

Study/ET
Day: -28 to –2 -1 1 to 3 4 to 6 (Daily controlled use and uncontrolled use sessions) 6

Assessment Assessment timepoints (minutes2)

PK sampling14 pre 2 5 7 10 12 15 20 30 45 60 90 120 150 180

Pharmacodynamic 
Training/practice15 X

Tobacco/Nicotine 
Withdrawal 
Questionnaire16

pre 5 15 30 60 90

Direct Effects of 
Product 
Questionnaire

pre 5 15 30 60 90

Use the product 
again VAS X17 90

Amount of product 
used X18 <

19 - - - >

Tobacco cessation 
information X

Admission X
Discharge X

AE=adverse event; BMI=body mass index; ECG=electrocardiogram; ET=early termination; FSH=follicle 
stimulating hormone; HIV=human immunodeficiency virus; pre=pre-use 

Safety assessments including adverse events (AEs), physical examinations, vital signs 

(respiratory rate, pulse rate, blood pressure, and oral temperature), electrocardiogram (ECG), 

clinical laboratory tests (clinical chemistry, hematology, urinalysis, and serology), and urine drug 

and alcohol screens were collected at designated time points throughout the study. Subjects 

were discharged from the clinic on Day 6, once all procedures were completed (or at Early 

Termination). 

                                                           
14 Blood samples collected at same time points following the start of the 1st and 2nd product use sessions. Pre-product 
use samples should be collected within approximately 5 minutes prior to the start of product use, all other time 
points should be taken within ± 1 minute for the first 30 minutes and ±5 minutes from the nominal time for all other 
time points (except when coinciding with PD testing). Actual time of blood draw will be recorded.  
15 Additional PD training sessions may be performed throughout the study, as necessary.  
16 Administered at same time points following the start of the 1st and 2nd product use sessions 
17 Questionnaire administered at end of each product use session, within 10 minutes of completing the product use 
session (i.e., 4 hours ± 10 minutes) 
18 Number of units consumed and duration of gum in mouth 
19 Uncontrolled Product Use Sessions only; number of inhalations per cigarette, duration of inhalations [per puff], 
duration of gum in mouth 
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Results 

A total of 66 subjects enrolled in the study and 55 completed the study. Table VIII.D-4 

shows the demographics of the study participants. The overall mean age was 41 with 60% males. 

A total of 3.6% were Hispanic, while the remaining identified as non-Hispanic. Whites made up 

56% and African Americans 8%. On average the subjects reported smoking 17.6 cigarettes per 

day prior to enrollment (Table VIII.D-5). Fifty-five subjects completed the study (Table VIII.D-6). Part 

A of the study was ad libitum use of product over 4 hours. The subjects consumed slightly more 

VLN™ cigarettes (8.2 vs. 7.8) than their usual brand but smoked the cigarettes for less time (4.7 

mins vs. 6.0). During the Part B, subjects were allowed to only smoke one cigarette in an 

uncontrolled manner in the morning followed by controlled session in the afternoon. Smoking 

topography was measured during the uncontrolled session. VLN™ smokers took less puffs than 

usual brand (9.5 vs. 12.6) resulting in less time smoking.  

Table VIII.D-4. Demographics of the randomized population.  

Demographic variable Part Aa20

N=66
Part B
N=63

Age (years), mean (SD) 41.4 (10.94) 41.5 (11.15)
Sex, n (%)

Male 40 (60.6) 38 (60.3)
Female 26 (39.4) 25 (39.7)

Race, n (%)

White 57 (86.4) 55 (87.3)
Black 9 (13.6) 8 (12.7)

Ethnicity, n (%)

Hispanic or Latino 2 (3.0) 2 (3.2)
                                                           

20 Randomized Population for Part A includes the same subjects as the overall Safety Population.
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minutes. The plasma level after using the usual brand produced a quick rise, peaking at 16.97 

ng/ml at 7.85 minutes, followed by a long decay. The gum results showed a slow rise peaking at 

3.2 ng/ml at 28.7 minutes with a slow decay. VLN™ peaked at 0.57 ng/ml at 9.38 minutes with a 

slow decline. As might be expected the peak times and max levels were slightly different between 

the controlled and un-controlled smoking. Under both conditions the VLN™ nicotine levels were 

markedly less than usual brand and even less than nicotine gum. The plasma nicotine area under 

the curve for VLN™ under controlled use conditions was 26.2 ng*min/ml. Usual brand was 770.8 

and gum was 342.77. VLN™ cigarettes contain on average at least 95% less nicotine than 

conventional cigarettes on the market. The amount of nicotine absorbed (AUC) was 97% less than 

usual brand. The nicotine gum contained 4 mg of nicotine and VLN™ had 0.33 mg of 

nicotine/cigarette. On a content basis, VLN™ contained 92% less nicotine than the gum. The AUC 

for gum under controlled use was 342.77 and for VLN™ 26.2, a 92% reduction. The plasma 

nicotine profile was not different for VLN™ under controlled or un-controlled use. In Figure VIII.D-2 

and Figure VIII.D-3 it is difficult to really see the plasma levels of VLN™ because they were so close 

to the zero axis. Figure VIII.D-4. Baseline adjusted plasma nicotine levels after controlled use (Log Scale) 

(Product A = VLN™, Product B = Usual Brand, Product C = 4 mg Nicotine gum)., shows the plasma levels 

under controlled usage (compare to Figure VIII.D-2) where the data has been adjusted for the 

baseline at pre-exposure and the data graphed on a log scale. VLN™ was substantially less than 

both gum and usual brand. 
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anchored with “Not at All” on the left and “Extremely” on the right. The questionnaire items were 

as follows:  

1. Is the product “Pleasant” right now?  

2. Is the product “Satisfying” right now?  

3. Is the product making you feel “Calm” right now?  

4. Is the product helping you “Concentrate” right now?  

5. Is the product making you feel more “Awake” right now?  

6. Is the product making you feel “Sick” right now?  

7. Is the product reducing your “Hunger” for food right now?  

8. Would you like “More” of the product right now?  
 
  

The effects (Emax) of VLN™ were statistically less than usual brand for all measures on 

the direct product effects questionnaire under both controlled and uncontrolled usage. VLN™ 

was not different from nicotine gum (Figure VIII.D-6). There was a tendency that usual brand made 

the subjects more awake, feeling calmer, helped them concentrate, and wanting more product. 

The usual brand also tended to be more satisfying and pleasant. The usual brand was statistically 

different from VLN™ for the question Is the product “Pleasant” right now? VLN™ was not 

different from nicotine gum. 
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“Definitely Would Not” on the left and “Definitely Would” on the right; the neutral point is also 

labeled with an anchor (“Don’t Care”). Table VIII.D-11 shows the results of the Use the Product 

Again Questionnaire administered after Part A with ad libitum smoking.  VLN™ had the lowest 

mean score of 34 with usual brand rating 95. Nicotine gum was in the middle with 59. The results 

with VLN™ suggest that the subjects were “unwilling to use the product again” 

Table VIII.D-11. Use the product again results after ad libitum use. 

Parameter Statistic 
VLN™ 

Cigarette 
N= 63 

Own-Brand 
Cigarette 

N=63 

Nicotine Gum 
N=63 

Use the Product 
Again 

Mean (SD)  34.0 (26.08) 95.0 (9.86) 58.8 (35.60) 

Median 32.0 100.0 50.0 

Min, Max 0, 90 45, 100 0, 100 

  

In Part B where the subjects only consumed a single product under control and uncontrolled 
conditions, a similar pattern was observed. The median response from VLN™ was similar to the 
nicotine gum.  

Table VIII.D-12. Use the product again results from Part B. 

Parameter Statistic 
VLN™ 

Cigarette 
N= 63 

Own-Brand 
Cigarette 

N=63 

Nicotine Gum 
N=63 

Use the Product 
Again- 
Controlled Use 

Mean (SD)  38.1 (32.52) 91.4 (14.92) 47.9 (33.12) 

Median 47.0 99.0 50.0 

Min, Max 0, 100 31, 100 0, 100 

Use the Product 
Again- 
Uncontrolled 
Use 

Mean (SD)  38.5 (33.41) 88.9 (17.75) 47.7 (35.79) 

Median 50.0 100.0 50.0 

Min, Max 0, 100 20, 100 0, 100 
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Conclusions 

The primary objective of this study was to evaluate the abuse liability of VLN™ cigarettes 

compared with own-brand cigarettes and nicotine polacrilex gum, by assessing subjective effects 

such as urge to smoke and pleasantness under controlled and uncontrolled use conditions.  

Overall, analysis of the primary endpoints of Urges to Smoke VAS Emax_urge(controlled) and 

Pleasant VAS Emax_plst(controlled) showed that use of own-brand cigarette under Controlled Use 

conditions in Part B was associated with statistically significant greater reductions in subject-

reported urge to smoke and greater ratings of pleasantness compared with VLN™ cigarettes and 

nicotine gum. VLN™ cigarettes did not differ statistically from nicotine gum on either of the 

primary endpoints. Analysis of PK data showed that under both controlled and Uncontrolled Use 

conditions, peak and overall exposure to nicotine was statistically significantly lower for VLN™ 

cigarette compared with own-brand cigarette and nicotine gum. Therefore, despite lower 

nicotine exposure, VLN™ cigarettes were considered as pleasant and were able to reduce urges 

to smoke similarly to nicotine gum, a currently marketed nicotine replacement therapy.  

Consistent with the findings on the primary endpoints, reduction in craving a cigarette 

(Emax_crav[controlled]), a subscale of the Tobacco/Nicotine Withdrawal Scale, was statistically 

significantly lower for VLN™ cigarette and nicotine gum compared with own-brand cigarette. 

However, VLN™ cigarette did not statistically differ from nicotine gum indicating similar craving 

suppression despite lower nicotine concentrations. These findings are generally consistent with 

the literature that have demonstrated acute craving suppression following smoking, regardless of 

nicotine content (Donny et al. 2007 [pg299]) The other items in the scale, i.e., Anxious VAS, 

Difficulty Concentrating VAS, and Impatient VAS, did not differ between products. Results for the 
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Tobacco/Nicotine Withdrawal VAS when subjects were permitted to use the products under 

uncontrolled conditions in Part B were consistent with those observed during controlled use.  

In terms of overall product effects, during controlled use, VLN™ cigarette and nicotine 

gum were rated as being less satisfying than own-brand cigarettes. In addition, both products 

were associated with a lower magnitude of effects related to feeling calm or feeling more awake, 

feeling less hungry, helping with concentration, and wanting more of the product compared with 

own-brand cigarette. These results were consistent when subjects used the products under 

uncontrolled conditions suggesting that regardless of use condition, VLN™ cigarettes were 

associated with weaker “positive” or reinforcing product effects compared with own-brand 

cigarettes and associated with similar reinforcing effects when compared with nicotine gum. With 

respect to negative effects (i.e., Sick VAS), under Controlled Use conditions, VLN™ cigarettes 

showed lower ratings of feeling sick compared with own-brand cigarettes and nicotine gum; 

however, scores on this scale were low overall compared with scores on other subscales and the 

same results were not observed for the Uncontrolled Use condition; therefore, these findings 

may not be clinically meaningful.  

In Part A, when subjects were permitted to use each product ad libitum over a period of 

4 hours and in Part B during controlled and Uncontrolled Use conditions subjects were asked to 

rate their preference for using each of the products again at the end of the product use session. 

In both Part A and Part B, mean scores on Use Product Again VAS were markedly higher for own-

brand cigarette compared with VLN™ cigarettes. Furthermore, the mean score for VLN™ cigarette 

during Part A was consistent with subjects being “unwilling to use the product again” (i.e., < 50 

Section VIII.D Scientific Studies and Analyses - Clinical Studies 
22nd Century Group, Inc. 
MRTPA for VLN™ Cigarette Brand   



P a g e  60 | 304 

 

points on the bipolar scale); however, scores were neutral (”do not care”) following VLN™ product 

use in Part B and consistent with the neutral scores observed for nicotine gum.  

Patterns of product use were also recorded during Part A and results show that subjects 

smoked a similar number of VLN™ and own-brand cigarettes (approximately 8 cigarettes over 4 

hours) but spent approximately 2 minutes longer smoking each own-brand cigarette. Patterns of 

use were also assessed during the Uncontrolled Use condition in Part B, and subjects were found 

to inhale a slightly lower number of puffs when using VLN™ cigarettes as compared with own-

brand cigarettes. However, there was no difference in the duration of inhalation between VLN™ 

and own-brand cigarettes. These findings suggest that despite the lower nicotine content in VLN™ 

cigarettes, subjects were not taking longer puffs or smoking more VLN™ cigarettes to 

compensate.  

The primary endpoints in the study showed that use of the VLN™ cigarette under single 

controlled product use conditions was associated with lower peak ratings of pleasantness, lower 

reductions in urges to smoke compared with own-brand cigarettes, and markedly lower peak 

nicotine exposure in a sample of adult smokers. Furthermore, despite statistically significant 

lower nicotine exposure compared with nicotine polacrilex gum, VLN™ cigarettes were 

associated with similar reductions in urges to smoke and were rated to be as pleasant as nicotine 

polacrilex gum. These results suggest that VLN™ cigarettes have lower abuse liability compared 

with own-brand cigarettes and similar abuse liability as nicotine polacrilex gum. In addition, VLN™ 

cigarettes showed comparable effectiveness in reducing the urge to smoke and similar reductions 

in craving as nicotine polacrilex gum, a currently marketed nicotine replacement therapy. 
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ii. Evaluation of the Abuse Liability of Very Low Nicotine Mentholated Cigarettes 

(NCT03559725) 

Study Design 

This abuse liability study was conducted by Altasciences Clinical Research in Overland 

Park, KS.  

The primary objective of the study was: 

To evaluate the abuse liability of VLN™ menthol cigarettes (0.4 mg nicotine/gram of 
tobacco) relative to own-brand mentholated cigarettes and 4 mg nicotine polacrilex 
White Ice Mint gum under controlled use and uncontrolled (ad libitum) use 
conditions. 

 
The secondary objectives of the study were:  

To compare the nicotine pharmacokinetic (PK) profiles of VLN™ menthol cigarettes 
relative to own-brand mentholated cigarettes and nicotine polacrilex gum under 
controlled use and uncontrolled use conditions. 
To characterize product use behavior of VLN™ menthol cigarettes, own-brand 
mentholated cigarettes, and nicotine polacrilex gum. 

 
This study was randomized, two-part, 3-way crossover, designed to evaluate the abuse 

liability, PK, and product use behavior associated with study products, including VLN™ menthol 

cigarettes, subjects’ own-brand mentholated cigarettes, and nicotine White Ice Mint polacrilex 

gum in healthy adult male and female exclusive smokers.  Subjects participated in a standard 

Screening visit and one 7-day Confined Assessment Phase, which included a product trial session 

(Day -1), and two study parts (Part A and Part B).  Following the Screening visit, eligible subjects 

checked in to the study site on Day -1. Following the polacrilex gum training session, subjects 

were required to abstain from nicotine- and tobacco-containing products for approximately 20 

hours until the first product use session on Days 1 to 3; use of other nicotine-containing products 
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was prohibited throughout the study. No additional tobacco or nicotine products was provided 

after the second product use on Days 4 to 6. 

On Day 1, subjects were randomized to one of three product sequence groups in Part A, 

which consisted of an ad libitum product use session for each of the following study products for 

4 hours in a randomized crossover manner (Days 1 to 3; one product per day): 

Product A: VLN™ Menthol King cigarette 

Product B: Own-brand menthol filtered standard king size cigarette  

Product C: 4 mg Nicotine polacrilex gum (Nicorette® White Ice Mint™) 

A pharmacodynamic measure (“use product again” visual analog scale [VAS]) was 

administered at the end of each ad libitum product use period. Product use behaviors (i.e., 

number of units consumed, duration of gum in mouth) were collected throughout each ad libitum 

product use period. 

Upon completion of Part A, subjects were randomized to one of three product sequence 

groups in Part B, which consisted of 3 study days (Days 4 to 6), with one product per day. Each 

study day consisted of: 1) Controlled Product Use Session (10 puffs from their own-brand 

cigarette or VLN™ cigarette [maximum 3 ± 2 seconds per puff] at approximately 30 ± 5-second 

interpuff intervals or chew the nicotine polacrilex gum using the “chew and park” method for 10 

minutes); and 2) Uncontrolled Product Use Session (ad libitum use for 10 minutes). The 

Controlled Product Use Session and Uncontrolled Product Use Session were separated by 

approximately 6 hours. During Part B, pharmacodynamic measures, PK, and product use behavior 
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(Uncontrolled only) were collected at various time points each day. Figure VIII.D-7 below shows 

the outline of the study design. 

Figure VIII.D-7. Abuse liability study design. 

  

 

 

Table VIII.D-13 below shows the schedule of assessments. 
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Table VIII.D-13. Schedule of assessments. 

Screening Check-
in

Part 
A Part B End of 

Study/ET
Day: -28 to –2 -1 1 to 3 4 to 6 (Daily controlled use and uncontrolled use sessions) 6

Assessment Assessment timepoints (minutes21)

Informed consent X
Demographics X
Medical history X
Review of eligibility X X
Physical 
examination X X22 X22

Height, weight, BMI X
HIV, Hepatitis B/C X

Pregnancy test X23 X24

FSH (post-
menopausal women) X       
Vital signs25 X X       X

Oral temperature X X X 
12-lead ECG X X
Urine cotinine screen X
Urine drug and 
alcohol test X X

Clinical laboratory 
tests26 X X

Concomitant 
medications X X X <--------- Recorded throughout ---------> X

AE Monitoring27 X X X <--------- Recorded throughout ---------> X

Randomization pre28 pre
29

Product use X30 X31 <0
32 - - - >

                                                           
21 All listed timepoints were minutes after the start of product use 
22 Abbreviated (symptom-directed) physical examination performed at the investigator’s discretion 
23 Serum pregnancy test 
24 Urine pregnancy test 
25 Vital signs included respiratory rate, pulse rate and blood pressure 
26 Clinical laboratory assessments included hematology, biochemistry, and urinalysis 
27 Spontaneous AE reporting is continuous throughout the study, beginning with the time the subject gave informed 
consent; however, at regular intervals, AE checks were performed using a non-leading question. 
28 Day 1 only 
29 Day 4 only 
30 Trial of 4 mg nicotine polacrilex gum for 10 minutes  
31 Product use under ad libitum condition for 4 hours on each day 
32 First product under controlled use condition manner (10 puffs [maximum 3 ± 2 seconds per puff] with 
approximately 30-second inter-puff-intervals for cigarettes and 10 minutes “chew and park” for nicotine polacrilex 
gum) and second product under uncontrolled use condition for approximately 10 minutes (ad libitum) with 
approximately 6 hours in between 1st and 2nd use sessions 
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Screening Check-
in

Part 
A Part B End of 

Study/ET
Day: -28 to –2 -1 1 to 3 4 to 6 (Daily controlled use and uncontrolled use sessions) 6

Assessment Assessment timepoints (minutes21)

PK sampling33 pre 2 5 7 10 12 15 20 30 45 60 90 120 150 180

Pharmacodynamic 
Training/practice34 X

Tobacco/Nicotine 
Withdrawal 
Questionnaire35

pre 5 15 30 60 90

Direct Effects of 
Product 
Questionnaire35

pre 5 15 30 60 90

Use the product 
again VAS X36 9035

Amount of product 
used X37 <

38 - - - >

Tobacco cessation 
information X

Admission X
Discharge X

AE=adverse event; BMI=body mass index; ECG=electrocardiogram; ET=early termination; FSH=follicle 
stimulating hormone; HIV=human immunodeficiency virus; pre=pre-use 

Safety assessments including adverse events (AEs), physical examinations, vital signs 

(respiratory rate, pulse rate, blood pressure, and oral temperature), electrocardiogram (ECG), 

clinical laboratory tests (clinical chemistry, hematology, urinalysis, and serology), and urine drug 

and alcohol screens were collected at designated time points throughout the study. Subjects 

were discharged from the clinic on Day 6, once all procedures were completed (or at Early 

Termination). 

                                                           
33 Blood samples collected at same time points following the start of the 1st and 2nd product use sessions. Pre-product 
use samples should be collected within approximately 5 minutes prior to the start of product use, all other time 
points should be taken within ± 1 minute for the first 30 minutes and ±5 minutes from the nominal time for all other 
time points (except when coinciding with PD testing). Actual time of blood draw will be recorded.  
34 Additional PD training sessions may be performed throughout the study, as necessary.  
35 Administered at same time points following the start of the 1st and 2nd product use sessions 
36 Questionnaire administered at end of each product use session, within 10 minutes of completing the product use 
session (i.e., 4 hours ± 10 minutes) 
37 Number of units consumed and duration of gum in mouth 
38 Uncontrolled Product Use Sessions only; number of inhalations per cigarette, duration of inhalations [per puff], 
duration of gum in mouth 
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Results 

A total of 61 subjects enrolled in the study and 55 completed the study. Table VIII.D-14 

shows the demographics of the study participants. The overall mean age was 36 with 57% males. 

A total of 3.3% were Hispanic, while the remaining identified as non-Hispanic. Whites made up 

34% and African Americans 62%. On average the subjects reported smoking 15.1 cigarettes per 

day prior to enrollment (Table VIII.D-15). Fifty-five subjects completed the study (Table VIII.D-16). 

Part A of the study was ad libitum use of product over 4 hours. The subjects consumed slightly 

more VLN™ cigarettes (6.8 vs. 6.2) than their usual brand but smoked the cigarettes for less time 

(5.1 mins vs. 6.3). During the Part B, subjects were allowed to only smoke one cigarette in an 

uncontrolled manner in the morning followed by controlled session in the afternoon. Smoking 

topography was measured during the uncontrolled session. VLN™ smokers took less puffs than 

usual brand (9.9 vs. 12.3) resulting in less time smoking.  

Table VIII.D-14. Demographics of the randomized population.  

Demographic variable Part A
N=61

Part B
N=60

Age (years), mean (SD) 36.3 (10.45) 36.3 (10.52)
Sex, n (%)

Male 35 (57.4) 34 (56.7)
Female 26 (42.6) 26 (43.3)

Race, n (%)

White 21 (34.4) 21 (35)
Black 38 (62.3) 37 (61.7)
American Indian or Alaska 
Native

1 (1.6) 1 (1.7)

Native Hawaiian or other 
Pacific Islander

1 (1.6) 1 (1.7)

Section VIII.D Scientific Studies and Analyses - Clinical Studies 
22nd Century Group, Inc. 
MRTPA for VLN™ Cigarette Brand   



P a g e  67 | 304 

 

Ethnicity, n (%)

Hispanic or Latino 2 (3.3) 2 (3.3)
Not Hispanic or Latino 59 (96.7) 58 (96.7)

BMI (kg/m2), mean (SD) 25.74 (4.04) 25.8 (4.05)
 

 

Table VIII.D-15. Reported tobacco consumption rates prior to start of study. 

 
Tobacco 
Product 

Overall 
(N=61) 

 
Number of Tobacco 
Product Used Per Day 

 
Cigar(s) 

 
n 

 
4 

Mean (SD) 1.0 (1.54) 
Median 0.4 
Min, Max 0, 3 

Cigarette(s) n 61 
Mean (SD) 15.1 (5.83) 
Median 15.0 
Min, Max 10, 40 

Cigarillo(s) n 1 
Mean (SD) 3.0 (--) 
Median 3.0 
Min, Max 3, 3 

Electronic 
Cigarette(s)
/E-Vapors 

n 3 

Mean (SD) 0.7 (1.09) 
Median 0.1 
Min, Max 0, 2 

 

 

Table VIII.D-16. Disposition of subjects (All Subjects) 

N (%)

Part A

Number of Randomized Subjects 61

Subjects who Completed Part A 60 (98.4%)

Subjects who Withdrew Early 1 (1.6%)

Reasons for Discontinuation

Other 1 (1.6%)

Part B
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Subjects used the products under controlled conditions in Part B of the study (Controlled 

Product Use Session: 10 puffs from one of their own-brand cigarettes or VLN™ Menthol cigarette 

[maximum 3 ± 2 seconds per puff] at approximately 30 ± 5-second interpuff intervals or chew the 

nicotine polacrilex gum using the “chew and park” method for 10 minutes). Table VIII.D-19 lists 

the baseline-adjusted PK values. Figure VIII.D-8. Plasma nicotine levels after controlled use (Product A 

= VLN™ Menthol, Product B = Usual Brand, Product C = 4 mg Nicotine gum), shows the plasma nicotine 

levels after controlled use. The plasma level after using the usual brand was typical of cigarette 

smoking. There was a quick rise, peaking at 13.684 ng/ml at 7 minutes, followed by a long decay. 

The gum results were also typical of nicotine gum. There was a slow rise peaking at 3.074 ng/ml 

at 45 minutes with a slow decay. VLN™ Menthol peaked at 0.404 ng/ml at 7 minutes with a slow 

decline.  Figure VIII.D-9. Plasma nicotine levels after uncontrolled use (Product A = VLN™ Menthol, Product 

B = Usual Brand, Product C = 4 mg Nicotine gum), shows the plasma nicotine levels after uncontrolled 

smoking.  Subjects were allowed to smoke one cigarette or chew one piece of gum ad libitum for 

up to 10 minutes. The plasma level after using the usual brand produced a quick rise, peaking at 

19.236 ng/ml at 7 minutes, followed by a long decay. The gum results showed a slow rise peaking 

at 1.987 ng/ml at 20 minutes with a slow decay. VLN™ Menthol peaked at 0.534 ng/ml at 7 

minutes with a slow decline. As might be expected the peak times and max levels were slightly 

different between the controlled and un-controlled smoking. Under both conditions the VLN™ 

nicotine levels were markedly less than usual brand and even less than nicotine gum. The plasma 

nicotine area under the curve for VLN™ Menthol under controlled use conditions was 30.449 

ng*min/ml. Usual brand was 931.994 and gum was 359.257. VLN™ Menthol cigarettes contain 
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and 90 minutes after use. These assessments were performed after controlled and uncontrolled 

use of the products.  

The Tobacco/Nicotine Withdrawal items were administered as 100-point VAS and were 

intended to measure withdrawal symptoms and craving. The VAS is anchored with “Not at All” 

on the left and “Extremely” on the right. The questionnaire items are as follows:  

1. Urges to Smoke  

2. Anxious  

3. Difficulty Concentrating  

4. Impatient  

5. Craving a Cigarette  
 
Craving and urges were statistically different between usual brand and VLN™ (Table 

VIII.D-20). There was no difference between VLN™ and gum for these parameters. Usual brand 

appeared initially suppress the urge to smoke and craving more than VLN™ or nicotine gum 

(Figure VIII.D-10). There were no differences between the controlled and uncontrolled smoking. 

These results suggest that VLN™ reduces the urge and craving, but not quite to the level of usual 

brand.  

Table VIII.D-20. Inferential Analysis of Direct Effects Questionnaire. 

Question Comparison
LSM LSM Difference 

(SE)
95% CI P-value

Test Ref

Is the product 
“Satisfying” right 
now?

VLN™ Menthol 
Cigarette vs. 
Menthol Own- brand 
Cigarette

47.34 85.95 -38.61 (4.68) -47.78, -29.44 <0.0001

VLN™ Menthol 
Cigarette vs. Nicotine 
Gum

47.34 50.15 -2.81 (4.68) -11.98, 6.35 0.5443

Mentholated Own-brand 
Cigarette vs. Nicotine 
Gum

85.95 50.15 35.80 (4.66) 26.67, 44.93 <0.0001
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Question Comparison
LSM LSM Difference 

(SE)
95% CI P-value

Test Ref

Is the product making 
you feel “Calm” right 
now?

VLN™ Menthol 
Cigarette vs. 
Mentholated Own-
brand Cigarette

53.41 76.58 -23.17 (4.30) -31.59, -14.74 <0.0001

VLN™ Menthol 
Cigarette vs. Nicotine 
Gum

53.41 58.59 -5.18 (4.30) -13.61, 3.25 0.2262

Mentholated Own-brand 
Cigarette vs. Nicotine 
Gum

76.58 58.59 17.99 (4.27) 9.63, 26.35 <0.0001

Is the product helping 
you “Concentrate” right 
now?

VLN™ Menthol 
Cigarette vs. 
Mentholated Own-
brand Cigarette

46.90 67.81 -20.91 (4.81) -30.34, -11.48 <0.0001

VLN™ Menthol 
Cigarette vs. Nicotine 
Gum

46.90 47.65 -0.75 (4.80) -10.16, 8.67 0.8750

Mentholated Own-brand 
Cigarette vs. Nicotine 
Gum

67.81 47.65 20.16 (4.79) 10.77, 29.55 <0.0001

Is the product making 
you feel more “Awake” 
right now?

VLN™ Menthol 
Cigarette vs. 
Mentholated Own-
brand Cigarette

41.83 65.84 -24.01 (4.87) -33.55, -14.48 <0.0001

VLN™ Menthol 
Cigarette vs. Nicotine 
Gum

41.83 43.70 -1.87 (4.88) -11.44, 7.70 0.6991

Mentholated Own-brand 
Cigarette vs. Nicotine 
Gum

65.84 43.70 22.14 (4.86) 12.63, 31.66 <0.0001

Would you like “More” 
of the product right 
now?

VLN™ Menthol 
Cigarette vs. 
Mentholated Own-
brand Cigarette

42.50 74.72 -32.22 (5.04) -42.10, -22.35 <0.0001

VLN™ Menthol 
Cigarette vs. Nicotine 
Gum

42.50 39.42 3.08 (5.03) -6.77, 12.94 0.5366

Mentholated Own-brand 
Cigarette vs. Nicotine 
Gum

74.72 39.42 35.30 (4.99) 25.52, 45.09 <0.0001
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Figure VIII.D-10. Mean tobacco/nicotine withdrawal questionnaire responses following product administration 
(Product A = VLN™ Menthol, Product B = Usual Brand, Product C = 4 mg Nicotine gum). 
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The Direct Effects of Product items were administered as 100-point VAS and were 

intended to measure the effects of the product being sampled at the moment. The VAS is 

anchored with “Not at All” on the left and “Extremely” on the right. The questionnaire items were 

as follows:  

1. Is the product “Pleasant” right now?  

2. Is the product “Satisfying” right now?  

3. Is the product making you feel “Calm” right now?  

4. Is the product helping you “Concentrate” right now?  

5. Is the product making you feel more “Awake” right now?  

6. Is the product making you feel “Sick” right now?  

7. Is the product reducing your “Hunger” for food right now?  

8. Would you like “More” of the product right now?  
 
  

The effects (Emax) of VLN™ were statistically less than usual brand for all measures on 

the direct product effects questionnaire under both controlled and uncontrolled usage. VLN™ 

was not different from nicotine gum (Figure VIII.D-11). There was a tendency that usual brand 

made the subjects more awake, feeling calmer, helped them concentrate, and wanting more 

product. The usual brand also tended to be more satisfying and pleasant. The usual brand was 

statistically different from VLN™ for the question Is the product “Pleasant” right now? VLN™ was 

not different from nicotine gum. 
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Figure VIII.D-11. Mean direct effect of product questionnaire responses following product administration (Product A = 
VLN™ Menthol, Product B = Usual Brand, Product C = 4 mg Nicotine gum). 
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The Use the Product Again questionnaire is a bipolar 100-point VAS used to assess how 

much a subject would be willing to use the sampled product again. The VAS is anchored by 

“Definitely Would Not” on the left and “Definitely Would” on the right; the neutral point is also 

labeled with an anchor (“Don’t Care”). Table VIII.D-21 shows the results of the Use the Product 

Again Questionnaire administered after Part A with ad libitum smoking.  VLN™ had the lowest 

mean score of 42 with usual brand rating 96. Nicotine gum was similar to VLN™ with 46. The 

results with VLN™ Menthol suggest that the subjects were indifferent about whether they would use 

the products again. 

Table VIII.D-21. Use the product again results after ad libitum use. 

Parameter Statistic

VLN™ 
Menthol 
Cigarette

N= 58

Own-brand 
Cigarette

N=58

Nicotine Gum
N=58

Use the 
Product Again

Mean (SD) 42.0 (31.50) 95.6 (11.29) 46.2 (31.57)

Median 41.5 100.0 47.5

Min, Max 0, 100 44, 100 0, 100

 

 

 Conclusions: 

The primary objective of this study was to evaluate the abuse liability of VLN™ Menthol 

cigarettes compared with own-brand menthol cigarettes and nicotine polacrilex gum, by 

assessing subjective effects such as urge to smoke and pleasantness under controlled and 

uncontrolled use conditions. An additional objective was to compare the plasma nicotine PK 

profile between VLN™ Menthol cigarettes, mentholated own-brand cigarettes, and nicotine 

polacrilex gum. Product use behaviors under controlled and uncontrolled use conditions were 
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also evaluated to determine whether smokers’ product use patterns were altered when using 

lower nicotine products. 

Overall, analysis of the primary endpoints of Urges to Smoke (VAS Emax_urge(controlled)) 

and Pleasant VAS Emax_plst(controlled) showed that use of mentholated own-brand cigarette 

under Controlled Use conditions in Part B was associated with statistically significant greater 

reductions in subject-reported urges to smoke and greater ratings of pleasantness compared with 

nicotine gum, thereby confirming study validity. Although the VLN™ Menthol cigarette was 

associated with lower ratings of pleasantness compared with mentholated own-brand cigarette, 

the two products did not statistically differ on the primary endpoint of reductions in subject-

reported urges to smoke. In addition, comparisons between VLN™ Menthol cigarette and nicotine 

gum revealed statistically significant greater reductions in the urges to smoke following use of 

VLN™ Menthol cigarette, and the two products had comparable ratings of pleasantness. Analysis 

of PK data showed that under Controlled conditions, peak and overall exposure to nicotine was 

statistically significantly lower for the VLN™ Menthol cigarette compared with mentholated own-

brand cigarette and nicotine gum. Therefore, despite lower nicotine exposure and lower or similar 

ratings of pleasantness, VLN™ cigarettes were considered as effective in reducing the urges to 

smoke as mentholated own-brand cigarettes and more effective in reducing the urges to smoke 

compared with nicotine gum, a currently marketed nicotine replacement therapy. 

Consistent with the findings on the Pleasant VAS primary endpoint, under Controlled Use 

conditions, reductions in craving a cigarette and difficulty concentrating, two subscales of the 

Tobacco/Nicotine Withdrawal Scale, were statistically significantly lower for VLN™ Menthol 

cigarette and nicotine gum compared with own brand cigarette. In contrast, scores on the Anxious 
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VAS were comparable following use of VLN™ Menthol cigarette and mentholated own-brand 

cigarette, suggesting that subjects experienced similar reductions in anxiety following use of both 

combustible products notwithstanding marked differences in nicotine exposure. Use of a VLN™ 

Menthol cigarette was also associated with greater reductions in craving a cigarette and less 

anxiety compared with use of nicotine gum. The other item in the scale (i.e., Impatient VAS) did 

not differ between products under Controlled Use conditions. 

When subjects were permitted to use the products under Uncontrolled conditions in Part 

B, mentholated own-brand cigarette was associated with greater reductions in subject-reported 

urges to smoke and cigarette craving compared with the other two products. Although no 

differences in urges to smoke were observed between VLN™ Menthol cigarettes and nicotine 

gum, use of the VLN™ Menthol cigarettes was associated with a greater reduction in craving a 

cigarette compared with nicotine gum. In addition, VLN™ Menthol cigarettes were as effective in 

reducing anxiety as the other two products. The other items in the scale (i.e., Difficulty 

Concentrating VAS and Impatient VAS) did not differ between products under Uncontrolled Use 

conditions. PK data were consistent under the Uncontrolled Use conditions, with lower peak and 

overall exposure to nicotine for VLN™ cigarette compared with mentholated own-brand cigarette 

and nicotine gum. 

In terms of overall product effects, during controlled use, VLN™ Menthol cigarette and 

nicotine gum were rated as being less satisfying than mentholated own-brand cigarette. In 

addition, both products were associated with a lower magnitude of effects related to feeling calm 

and more awake, feeling less hungry, helping with concentration, and wanting more of the 
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product compared with mentholated own-brand cigarette. In general, these results were 

consistent when subjects used the products under uncontrolled conditions, suggesting that 

regardless of use condition, VLN™ Menthol cigarettes were associated with weaker “positive,” or 

reinforcing product effects, compared with mentholated own-brand cigarettes, and were 

associated with similar reinforcing effects when compared with nicotine gum. For both Controlled 

and Uncontrolled Use conditions, minimal negative effects (i.e., Sick VAS) were observed across 

products. 

In Part A, when subjects were permitted to use each product ad libitum over a period of 

4 hours, and in Part B during Controlled and Uncontrolled Use conditions, subjects were asked to 

rate their preference for using each of the products again at the end of the product use session. 

In both Part A and Part B, mean scores on Use Product Again VAS were markedly higher for 

mentholated own-brand cigarette compared with VLN™ Menthol cigarette. The mean score for 

VLN™ Menthol cigarette was within the neutral range and did not notably differ with those for 

nicotine gum, suggesting that subjects were relatively indifferent about using these products 

again. 

Patterns of product use were also recorded during Part A, and results show that subjects 

smoked a similar number of VLN™ Menthol cigarettes compared with mentholated own-brand 

cigarettes over 4 hours (7 or 6 cigarettes, respectively), and spent a similar amount of time 

smoking each product. Patterns of use were also assessed during the Uncontrolled Use condition 

of Part B; subjects were found to inhale a slightly lower number of puffs when using VLN™ 

Menthol cigarettes as compared with mentholated own-brand cigarettes, however, there was no 

difference in the duration of inhalation between the two products. These findings suggest that 
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despite the lower nicotine content in VLN™ Menthol cigarettes, subjects were not taking longer 

puffs or smoking substantially more VLN™ mentholated cigarettes to compensate. 

The primary endpoints in the study showed that use of the VLN™ Menthol cigarette under 

single controlled product use conditions was associated with similar reductions in urges to smoke 

as own-brand mentholated cigarettes despite lower peak ratings of pleasantness and markedly 

lower peak nicotine exposure in a sample of adult smokers. VLN™ Menthol cigarettes also had 

statistically significantly lower nicotine exposure compared with nicotine polacrilex gum but were 

rated to be as pleasant and were associated with greater reductions in urges to smoke. These 

results suggest that VLN™ cigarettes have lower abuse liability compared with own-brand 

mentholated cigarettes and similar abuse liability to nicotine polacrilex gum. In addition, VLN™ 

cigarettes show comparable effectiveness in reducing the urge to smoke and reducing withdrawal 

related anxiety as own-brand mentholated cigarettes and show greater reductions in the urge to 

smoke and cigarette craving compared with nicotine polacrilex gum, a currently marketed 

nicotine replacement therapy. 

iii. A Longitudinal Ambulatory Study to Assess Changes in Cigarettes Consumption Behavior and 
Biomarkers of Exposure during a 6-Week switch to Very Low Nicotine (NCT03571724) 

Study Design 

This was an open-label, randomized, forced-switching study conducted at multiple study 

sites. Seventy (70) self-affirmed exclusive filtered king size non-mentholated cigarette smokers 

and 70 self-affirmed exclusive filtered king size mentholated cigarette smokers were enrolled and 

began the study at Week -1. 
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All potential subjects provided informed consent and successfully complete the Screening 

procedures prior to participation in the study. Subjects also engaged in a brief product trial with 

the VLN™ cigarettes. Subjects who reacted negatively (i.e., unwilling to use and/or cannot 

tolerate the product [experience adverse events (AEs) that would have prevented them from 

continuing to use the product as judged by the Investigator]) to the VLN™ cigarettes during the 

product trial period did not continue in the study.  

At the start of Week -1, all subjects were asked to smoke their usual brand (UB) cigarettes 

as per their usual daily consumption for the following week. Subjects received an electronic diary 

(e-diary) to record daily cigarette use (cigarettes per day [CPD]). Training in completion of the e-

diary was provided at the visit at the start of Week -1.  

Subjects returned at the end of Week -1 for collection of blood and 24-hour urine samples 

for baseline BOE assessments. Subjective questionnaires for dependence, withdrawal symptoms, 

urges to smoke, and perceived health risk were also completed at scheduled times. A subset of 

18 non-menthol and 18 menthol smoker subjects completed an assessment of puffing 

topography with their UB cigarettes during this visit. A further subset of 12 of the non-menthol 

and 12 of the menthol smoker subjects who completed the topography assessment also 

completed a nicotine PK assessment at the end of this visit. Subjects who underwent topography 

and PK assessments were assigned to switch to smoking VLN™ cigarettes.  

On Day -1 of Week 1, subjects were randomly selected to either remain smoking their 

non-menthol (20 subjects) or menthol (20 subjects) UB cigarettes, or to switch to smoking non-

menthol (50 subjects) or menthol (50 subjects) VLN™ cigarettes as per their UB cigarette flavor. 
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Subjects returned at the end of Weeks 2 and 6, for collection of blood and 24 hour urine samples

for BOE assessments. Subjective effects questionnaires were also completed at scheduled times.

Subjects continued recording their CPD in their e diaries. A subset of 18 non menthol and 18

menthol smoker subjects completed an assessment of puffing topography with the VLN™

cigarettes at these visits, and a further subset of 12 non menthol and 12menthol smoker subjects

also completed an assessment of nicotine PK at the end of these visits. Subjects undergoing

topography and PK assessments were assigned to switch to smoking VLN™ cigarettes.

Additionally, all subjects visited the clinic at the end of Week 4 to receive further supplies

of cigarettes (if assigned to the VLN™ groups) and to complete subjective effects questionnaires.

Subjects randomized to the VLN™ groups were provided with a supply of VLN™ cigarettes

at each visit, which was 150 % of their usual daily consumption as reported during Week 1. If a

subject ran out of cigarettes between clinic visits, the subject visited the clinic to receive further

cigarettes. All subjects were asked to smoke their cigarettes ad libitum, recording their actual

daily consumption in their e diaries. Non compliant nicotine product consumption was also

recorded. Used cigarette butts were collected during ambulatory periods to verify product use

and/or assess compliance. During Week 1 (all subjects) and all subsequent weeks (subjects

randomized to continue smoking UB cigarettes) subjects were asked not to change their UB

cigarette brand or flavor. Figure VIII.D 12 below shows the study design. The study protocol is

included with this application.
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Figure VIII.D-12. 6-Week study design. 

 
Results 

This study is still underway. The report will be submitted when it is completed. 

 

iv. A prospective, double-blind, randomized, active controlled, parallel group, multicenter phase 
II clinical trial to evaluate the effectiveness of X-22 as a smoking cessation aid (NCT01400815). 

The objective of this study (22nd Century Group 2011, IND 103,589 [pg297]) was to 

evaluate the efficacy of X-22 cigarettes as a cessation aid. X-22 was evaluated under IND 103,589. 

This was a prospective, randomized, multicenter, double-blinded, parallel, active controlled, 

phase II clinical trial in which 234 healthy smokers with an intent to quit were enrolled and 

followed over 19 weeks. The Company concluded that the study failed to demonstrate the 

efficacy X-22 under conditions of the test. The results of the study were reported to the FDA 

under IND annual updates. A final report was never written for the study. The IND is currently 

inactive. All available records from the Company related to the IND are included under IND 
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103,589. Additio nal information may possibly be found in the original IND submission and 

updates. 

At the beginning of the treatment phase, subjects were randomized in a 1:1 ratio to 

receive either X-22 very low nicotine menthol cigarettes or active control menthol cigarettes and 

switched from smoking their usual brand to the test cigarettes. Subjects smoked their study 

cigarettes ad libitum for 6-weeks prior to the defined quit date. After the quit date, subjects were 

instructed to abstain from smoking or using any tobacco product and were evaluated for safety 

and efficacy during a 4-week abstinence phase and a 4-week follow-up phase. Exhaled CO and 

salivary cotinine were monitored. Nicotine intake was not a primary endpoint in this study. 

Semiquantitative monitoring of salivary cotinine was carried out using NicAlert test strips.  

The hypothesis of this study was that greatly reducing the amount of nicotine compared 

with conventional, commercially-available cigarettes, including low-yield (“light” or “ultra light”) 

cigarettes, to very low levels may disrupt the behavioral and pharmacodynamic cues associated 

with smoking. Therefore, the active control cigarettes in this study were chosen to be similar to 

commercially-available low-yield cigarettes which have nicotine contents and machine smoking 

yields much greater than those of VLNC cigarettes (nicotine content of ca. 13 mg per cigarette vs. 

<1 mg per cigarette, and nicotine yield of 0.7 mg of nicotine per cigarette vs. ≤0.05 mg of nicotine 

per cigarette). 

Healthy smokers who had planned to quit smoking were screened for eligibility at Visit 1 

(Screening Phase), and all subjects received behavioral support through approximately 15-
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minute individual counseling sessions at Visits 4, 5, 6, and 9, including distribution of printed 

materials. Subjects continued to smoke their usual brand ad libitum during Week 1. 

One week following Screening, at Visit 2 (beginning of the Treatment Phase), eligible 

subjects were randomized (stratified by gender) in a 1:1 ratio to 1 of the 2 treatment arms: 

Group 1: X-22 Smoking Cessation Product 
Group 2: Active Control Cigarettes 
 

At Visit 2, subjects switched from their usual brand (UB) cigarettes to X-22 cigarettes 

(Group 1) or blinded active control cigarettes (Group 2) and smoked the assigned study cigarettes 

ad libitum for 6 weeks prior to the target quit date. Visit 5/Week 6 was considered the “quit date” 

for all study subjects. Subjects were instructed to quit all smoking at midnight on the night before 

the Visit 5 appointment. 

After randomization, during the Treatment and Abstinence Phases, subjects returned to 

the study center at 2-week intervals for 10 weeks (Visits 2 to 7) and received a telephone call 

from the site between visits at Weeks 1, 3, 5, 7, and 9.  

During the Follow-up Phase, subjects received a follow-up telephone call at Week 14. At 

the Week 14 follow-up telephone call, subjects who reported that they had not smoked in the 

past 7 days were asked to return to the study site within 1 week for Visit 8. At Week 18, all 

subjects returned to the site for Visit 9, regardless of smoking status. 

Cigarette consumption was evaluated using self-report diaries, and carbon monoxide (CO) 

by measurement of exhaled CO, and saliva cotinine concentration with a NicAlert test strip. 

Withdrawal symptoms were assessed using The Minnesota Nicotine Withdrawal Scale at each 
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study visit. The Sensory Questionnaire and the Fagerström Test of Nicotine Dependence were 

administered at study Visits 1 to 5. Safety was assessed by evaluation of AEs, physical 

examinations, clinical laboratory studies, concomitant medications, and measurement of heart 

rate, blood pressure, and body weight at each study visit. Table VIII.D-22 shows the schedule of 

assessments. 

Table VIII.D-22. Schedule of study visits and assessments. (see next page) 
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Assessments Screen Treatment Abstinence Follow-up 
 Visit 1 Visit 

2 
TC e Visit 

3 
TC e Visit 

4 
TC e Visit 

5 
Quit h 

TC e Visit 
6 

TC e Visit 
7/ 

ET j 

TC e Visit 
8 n  

Visit 
9  

 Day -7  Day 0 
±2 d 

Wk 1 
±2 d 

Wk 2 
±2 d 

Wk 3 
±2 d 

Wk 4 
±2 d 

Wk 5 
±2 d 

Wk 6 
±2 d 

Wk 7 
±2 d 

Wk 8  
±2 d i 

Wk 9 
±2 d 

Wk 
10 

+4 d k 

Wk 
13 

+3 d 
m 

Wk 
14 

±2 d 

Wk 
18  

±2 d 

Informed Consent X               
Inclusion/Exclusion 
Criteria 

X               

Plan to Quit 
Smoking Query 

X               

Urine Drug Screen X               
Clinical Laboratory 
Tests a 

X       X    X (ET 
only) l 

   

Electrocardiogram X               
Demographics X               
Medical History X               
Smoking History X               
Dispense Behavioral 
Support b 

     X  X  X     X 

Concomitant 
Medications 

X X  X  X  X  X  X  X X 

Physical 
Examination c 

X           X    

Urine Pregnancy 
Test d 

X           X    

Alcohol Intake X               
Blood Pressure and 
Heart Rate 

X X  X  X  X  X  X  X X 

Height X               
Weight X X  X  X  X  X  X  X X 
Carbon Monoxide 
Level 

X X  X  X  X  X  X  X X 

Saliva Cotinine 
Level  

X X  X  X  X  X  X  X X 

Randomization  X              
Sensory 
Questionnaire 

X X  X  X  X        

Withdrawal 
Questionnaire 

X X  X  X  X  X  X  X X 

FTND X X  X  X  X        
Self-report Diary X X  X  X  X  X  X  X X 
Dispense Study 
Product 

 X  X  X          
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Return Unused 
Study Product 

   X  X  X        

Check Supply of 
Study Product 

  X  X  X         

Adverse Events  X X X X X X X X X X X X X X 
Telephone Call e   X  X  X  X  X  X   
Treatment Guess f             X    
Smoking Abstinence 
Query g 

         X  X X X X 

AE=adverse events; d=days; ET=early termination; FTND= Fagerström Test of Nicotine Dependence; TC=telephone call; Wk=week 
a Complete blood count and differential and clinical chemistries. 
b Behavioral support included ~15-minute smoking cessation counseling sessions and supporting printed materials appropriate to the phase of the 

study.  
c Physical examination included measurement of respiratory rate and temperature. 
d Woman of childbearing potential only. 
e The site called each subject between site visits During the Treatment Phase at Weeks 1, 3, and 5 to ensure that the subject had an adequate supply 

of investigational product and to obtain information regarding AEs.  During the Abstinence Phase, at Weeks 7 and 9, the site called each subject to 
obtain information regarding AEs.  During Follow-up, at Week 14, the site called each subject and question them about their smoking status; 
subjects who have smoked were questioned about AEs; subjects who have not smoked within the past 7 days were asked to come to the site within 
1 week.  The site also called each subject the day before each site visit to remind the subject of their appointment. 

f Each subject was asked to guess which treatment group they were assigned to. 
g All subjects were asked if they have smoked since the last visit and if they have smoked within the last 7 days. 
h Visit 5 was the “Quit Date” (all subjects quit smoking at midnight on the night before Visit 5). 
i Visit 6/Week 8 occurred between 12 to 16 days after the Quit date.   
j Visit 7 assessments were performed for subjects who terminate the study early.  
k Visit 7/Week 10 occurred between 28 to 32 days after the Quit date. 
l Subjects who drop out of the study prior to Visit 5 also had laboratory studies completed at the Early Termination Visit.  Subjects who completed 

Visit 5 did not need additional laboratory studies completed at Visit 7. 
m The Week 13 telephone took place 4 to 7 days prior to Week 14. 
n Only subjects who reported during their Week 13 telephone call that they had not smoked in the previous week completed Visit 8. 

 

Table VIII.D-23 shows the weekly study and total cigarette consumption (includes all 

cigarettes smoked, both study and non-study). There was a trend for decreased cigarette 

consumption for the X-22 group. Total cigarette consumption did not appear different between 

X-22 and the active control. Weeks 8 and 10 were the cessation period. There were no differences 

between X-22 and the active control during the cessation phase. It appeared that there was more 

non-compliance (smoking non-study cigarettes) in the X-22 group than the active control. Median 

salivary levels of cotinine appeared decreased in the X-22 group. It appeared that there was 

significant consumption of non-study cigarettes during the study that impacted the results (Table 

VIII.D-23). By week 18 cotinine and exhaled CO indicated that there was no difference in the 
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abstinence rates for X-22 compared to the active control. The study was considered a failure in 

terms of cessation efficacy and no final report was written. 

Table VIII.D-23. Cigarettes per week, compliance, and nicotine consumption (22nd Century Group 2012 [pg297]). 

 Study Cigarettes 
Smoked per 

Week 
(mean) 

Total No. of 
Cigarettes 

smoked per week 
(mean (SD)) 

Non-Study 
Cigarettes 

Smoked per 
Week 

(% of total) 

Median Salivary 
Cotinine NicAlert 
Score (mean (SD)) 

Exhaled CO (mean 
(SD)) 

Week X-22 Active 
Control 

X-22 Active 
Control 

X-22 Active 
Control 

X-22 Active 
Control 

X-22 Active 
Control 

0   126.3 
(38.9) 

123.8 
(38.8) 

  3.7 
(1.09) 

3.7 
(1.10) 

24.2 
(10.5) 

26.2 
(10.3) 

2 155.0 151.2 170.1 
(77.6) 

155.1 
(64.4) 

8.9% 2.5% 2.6 
(1.41) 

3.5 
(1.15) 

25.5 
(12.8) 

23.3 
(9.7) 

4 129.6 146.5 135.3 
(75.6) 

147.2 
(64.0) 

6.2% 0.5% 2.6 
(1.47) 

3.5 
(1.15) 

22.9 
(14.0) 

22.2 
(10.9) 

6 117.3 138.6 122.4 
(69.7) 

139.3 
(51.3) 

6.2% 0.5% 2.6 
(1.66) 

3.4 
(1.12) 

14.6 
(10.8) 

15.5 
(10.2) 

8   28.1 
(34.8) 

30.6 
(34.9) 

  2.7 
(1.65) 

3.0 
(1.51) 

16.5 
(14.0) 

15.5 
(11.7) 

10   34.9 
(42.7) 

33.8 
(37.5) 

  2.9 
(1.63) 

3.3 
(1.55) 

16.6 
(15.0) 

16.5 
(11.3) 

14       1.8 
(1.82) 

2.2 
(1.76) 

5.1 
(4.8) 

9.2 
(10.7) 

18       3.0 
(1.72) 

2.9 
(1.72) 

16.9 
(13.3) 

17.5 
(11.8) 

 

Conclusion: Test CPD and salivary cotinine appeared to be reduced. Compliance was 

higher in test group than control. There was no effect on abstinence. 

vv. A randomized trial of nicotine replacement therapy in combination with reduced-nicotine 
cigarettes for smoking cessation (IND 69,185). 

A randomized, double-blind, active controlled, parallel group, multi-center phase II 

clinical trial was reported by Becker et al., (2008) [pg297] to evaluate the efficacy of reduced-

nicotine cigarettes as a novel smoking cessation treatment under IND 69,185. This is a published 

report of the IND filed by Vector for their Quest products (Vector Tobacco Inc. 2006 [pg304]). 

Treatment consisted of 6 weeks of smoking a series of cigarettes with progressively lower 
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nicotine content (Quest 1, Quest 2, and Quest 3, with smoking yields of 0.6, 0.3 and ≤0.05 mg 

nicotine/cigarette, respectively), either in combination with nicotine patch therapy (NRT) or 

placebo patches.  Three hundred forty-six smokers of non-menthol cigarettes who were 

motivated to quit were randomized to one of 3 treatments:   

Group 1:  Quest plus NRT patch,  

Group 2:  Quest plus placebo patch, or   

Group 3: active control (conventional cigarette) plus NRT patch.    

The design of the study is presented in Table VIII.D-24 below. 

Table VIII.D-24. Study Design (From Becker et al. 2008 [pg297]). 

  

The primary endpoint was 4 weeks of continuous abstinence (Weeks 7 to 10), with follow-

up at 3 and 6 months.  Group 1 had a higher continuous abstinence during weeks 7 - 10 than 

Group 3, 32.8% vs. 21.9% (p = 0.04).  Group 2 had an abstinence rate similar to that of Group 3, 

16.4% vs. 21.9% (p = 0.89).  Abstinence rates at the 3-month follow-up were 17.2%, 10.3%, and 

14.9% in Groups 1, 2, and 3, respectively.  At the 6-month follow-up, abstinence rates were 

11.2%, 7.8%, 9.6% in Groups 1, 2, and 3, respectively.  The differences in abstinence among 

groups were not statistically significant at 3 months and 6 months.  Mean exhaled CO levels 

increased moderately compared to baseline after subjects smoked Quest 1® (Group 1, +1.5 parts 

per million [ppm]; Group 2, +2.5 ppm) and Quest 2® (Group1, +2.9 ppm; Group 2, +2.9 ppm), and 
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was reduced compared to baseline after smoking Quest 3® (Group 1, -5.4 ppm; Group 2, -3.0 

ppm).  

Conclusion: Stepdown reduction in nicotine consumption followed by NRT did not affect 

abstinence at 3 and 6 months when compared to usual brand followed by NRT. 

vi. Reduced nicotine content cigarettes: effects on toxicant exposure, dependence and cessation
(NCT00777569). 

Hatsukami, et al., (2010) [pg300] compared the effects of smoking Quest cigarettes to the 

use of nicotine lozenges.  After a 2-week period during which baseline measurements were 

collected while subjects smoked ad libitum, a total of 152 subjects were assigned to one of three 

conditions: (i) Quest 1 - 0.3 mg nicotine yield cigarette, (ii) Quest 3 - 0.05 mg nicotine yield 

cigarettes or (iii) nicotine lozenges (4 mg). Subjects assigned to the cigarette conditions were 

blinded as to which cigarette they received (i.e. 0.05 mg versus 0.3 mg). Subjects were instructed 

to use their assigned treatment for 6 weeks (after which time they were to discontinue product 

use) and to not use other nicotine or tobacco products during the treatment or any products 

during the follow-up period. Subjects were seen weekly during the 6-week treatment period and 

at 1, 2, 4 and 6 weeks after cessation. At each visit subjects assigned to either cigarette condition 

were provided a supply equivalent to 150% of their baseline smoking rate and were told to smoke 

ad libitum to allow for compensatory smoking, Subjects assigned to receive the 4 mg nicotine 

lozenge were asked to quit smoking and to use at least six to eight pieces per day (the mean 

number of lozenges used among smokers enrolled in a clinical trial). If side effects suggested that 

the dose was too high, the 2 mg nicotine lozenge was substituted at that time. Subjects 

maintained a daily smoking diary in which they recorded any cigarettes smoked (either those 
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assigned to them or their own). If they smoked cigarettes other than those assigned, they were 

to note when that cigarette was smoked. They were not penalized for smoking that cigarette but 

told that they were discouraged from smoking cigarettes other than those assigned, and that it 

was crucial to the study that they indicate to us whenever they smoked any other cigarettes. 

Brief (approximately 10 minutes) standardized counseling was provided at each of the 

visits during the treatment phase of the study. Subjects assigned to the cigarette conditions were 

counseled to consider the use of these products as a step towards quitting. They discussed any 

difficulties they experienced with switching cigarettes and behavioral strategies to resist smoking 

other (non-Quest) cigarettes. Subjects assigned to the nicotine lozenge condition were provided 

with treatment tools recommended by the U.S. Clinical Practice Guideline. During the abstinence 

phase, all subjects received counseling similar to that received by the subjects assigned to the 

nicotine lozenge condition. Therefore, all three treatment groups received similar amounts of 

behavioral support. 

Biomarkers of tobacco toxicant exposure measures included: (i) urinary cotinine plus 

cotinine–glucuronide (total cotinine); (ii) alveolar carbon monoxide (CO); (iii) urinary 4-

(methylnitrosamino)-1-(3-pyridyl)-1-butanol and its glucuronides (total NNAL); [17]); (iv) urinary 

Nʹ-nitrosonornicotine and its glucuronide (total NNN); (v) urinary 1-hydroxypyrene and its 

glucuronide and sulfate (total 1-HOP);(vi) urinary 3-hydroxypropylmercapturic acid (3-HPMA); 

and (vii) S-phenylmercapturic acid (S-PMA). All measures were assessed at baseline. Additionally, 

carbon monoxide was assessed at each treatment clinic visit, cotinine at weeks 2 and 6 of 

treatment and at follow-up visits (except at 1- week post-treatment) and biomarkers for other 

exposure measures at weeks 2 and 6 of treatment.  
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Subjective measures included: (i) a tobacco use questionnaire that asked about current 

tobacco use status (cigarettes and other tobacco products), number of ≥24-hour quit attempts 

and duration of abstinence during these quit attempts; (ii) a daily diary detailing the number of 

cigarettes smoked; (iii) the Minnesota Nicotine Withdrawal Scale; (iv) the Fagerstrom Test for 

Nicotine Dependence. All these measures were assessed at baseline. Cigarette or product use 

was assessed daily, the tobacco use questionnaire and Minnesota Nicotine Withdrawal Scale at 

each clinic visit, and the FTND and perceived health risk at weeks 2 and 6. 

Cigarette consumption was reduced from baseline after 3 weeks of use (Figure VIII.D-13). 

Figure VIII.D-13. CPD (From Hatsukami et al. 2010 [pg300]). 

 

 

There was no CO boost after using the 0.05 mg product indicating no compensation (Figure 
VIII.D-14). 
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Figure VIII.D-14. CO level (From Hatsukami et al. 2010 [pg300]). 

 

Biomarkers of exposure were reduced after 6 weeks for the 0.05 mg nicotine cigarette group 
(Table VIII.D-25). 
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Table VIII.D-25. BOE (From Hatsukami et al. 2010 [pg300]). 

 

Subjective evaluations suggested that the subjects were less addicted after 6 weeks as 

measured by the Fagerström index. Nicotine craving and withdrawal symptoms at the time of 

switching to products (week 1) and cessation from products (week 7) were examined. Upon 

cessation of usual brand cigarettes and switching to the products, there was a significant increase 

in withdrawal symptoms and no significant change in craving in all three treatment groups. 

Increase in nicotine withdrawal scores upon cessation of usual brand cigarettes (week 1 
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compared to baseline) was significantly smaller for the group assigned to 0.05 mg cigarettes 

compared to the group assigned nicotine lozenges nearly significantly than for those assigned to 

0.3 mg cigarettes. Upon cessation of the product (week 7 compared to week 6), significant 

increase in craving and withdrawal symptoms were observed for the 0.3 mg cigarette group. In 

those discontinuing the 0.05 mg cigarettes, craving increased significantly but withdrawal 

symptoms did not. In those discontinuing the nicotine lozenge, neither changes in craving nor 

withdrawal symptoms were increased significantly. Change in withdrawal symptoms was 

significantly lower in those discontinuing 0.05 mg cigarettes or nicotine lozenges compared to 

those discontinuing 0.3 mg cigarettes, with no significant differences in craving observed 

between groups (Figure VIII.D-15). 

Figure VIII.D-15 (From Hatsukami et al. 2010 [pg300]). 
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Four-week continuous abstinence was measured after the treatment period, as shown in 

the figure below, rather than during the last four weeks of the treatment period (Figure VIII.D-16).  

  

Figure VIII.D-16. Study Design (From Hatsukami et al. 2010 [pg300]). 

  

Continuous abstinence 4-weeks post-treatment was 43% for the 0.05 mg cigarette group, 

35% for the nicotine lozenge group, and 21% for the 0.3 mg cigarette group.  Point abstinence 

rates at 6 weeks post-treatment were 47% for the 0.05 mg cigarette group, 37% for the nicotine 

lozenge group, and 23% for the 0.3 mg group.  The 0.05 mg cigarette led to a significantly higher 

rate of cessation than the 0.3 mg nicotine cigarette and a similar rate as nicotine lozenge.  

Conclusions: The 0.05 mg cigarettes were not associated with compensatory smoking 

behaviors. Furthermore, the 0.05 mg cigarettes were associated with reduced cigarette 

consumption, carcinogen exposure, nicotine dependence and product withdrawal scores. The 

0.05 mg cigarette was associated with greater relief of withdrawal from usual brand cigarettes 

than the nicotine lozenge. The 0.05 mg cigarette led to a similar rate of cessation as the nicotine 

lozenge. 
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vii. Randomized trial of reduced-nicotine standards for cigarettes (NCT01681875). 

Donny et al., (2015) [pg299] conducted a double-blind, parallel, randomized clinical trial at 

10 sites enrolling 840 subjects. Subjects were randomly assigned to smoke either their usual 

brand of cigarettes or one of six types SPECTRUM® cigarettes, provided free, for 6 weeks. The 

investigational cigarettes had nicotine content ranging from 0.4 mg per gram of tobacco to 15.8 

mg per gram (typical of commercial brands). The primary outcome was the number of cigarettes 

smoked per day during week 6. Subjective measures of dependence, withdrawal, and smoking 

urges were collected. Biomarkers of exposure and were measured in urine at 2- and 6-weeks. 

Topography was also measured at 2- and 6-weeks. Abstinence (no smoking for ≥ 18 hours) was 

measured after 6 weeks of product use. 

Study and total cigarette (study cigarettes and non-study cigarettes) consumption was 

reduced in 0.4 mg group (Figure VIII.D-17). 
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Figure VIII.D-17. CPD (From Donny et al., 2015 [pg299]). 

 

Total puff volume decreased and there was no CO boost indicating there was no 

compensation (Figure VIII.D-18). 
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Figure VIII.D-18. Topography (From Donny et al., 2015 [pg299]). 

 

Total urine nicotine equivalents were statistically reduced after 6 weeks. NNAL was also 

reduced (not significant) (Figure VIII.D-19). 
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Figure VIII.D-19. TNE (From Donny et al., 2015 [pg299]). 

 

Dependence, as assessed on the basis of the total score on the Wisconsin Inventory of 

Smoking Dependence Motives, was significantly lower at week 6 among participants smoking 

cigarettes with 0.4 mg of nicotine per gram than among those smoking cigarettes with 15.8 mg 

of nicotine per gram. The score on the Fagerström Test for Nicotine Dependence at week 6 was 

lower among smokers assigned to cigarettes with 2.4 mg of nicotine or less per gram than among 

those assigned to cigarettes with 15.8 mg per gram (Figure VIII.D-20).  
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Figure VIII.D-20. Dependence (From Donny et al., 2015 [pg299]).

As compared with cigarettes containing 15.8 mg of nicotine per gram, cigarettes with 5.2 

mg or less did not significantly increase peak daily withdrawal during week 6 (Figure VIII.D-21).  
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Figure VIII.D-21. Withdrawal (From Donny et al., 2015 [pg299]). 

 

Less craving was observed at week 6 with cigarettes containing 2.4 or 0.4 mg of nicotine 

per gram than with the control cigarettes. Scores on the Questionnaire of Smoking Urges 

reported as total score (Upper panel), Factor 1 (intention to smoke) (Middle panel) and Factor 2 

(relief from negative affect and urgent desire to smoke) (Lower panel) (Figure VIII.D-22).  
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Figure VIII.D-22. Smoking Urges (From Donny et al., 2015 [pg299]). 
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Eighty-one percent of participants completed the telephone follow-up 30 days after the 

6-week randomized smoking phase. Participants assigned to cigarettes with 0.4 mg of nicotine 

per gram were more likely to report attempts to quit than were those assigned to cigarettes with 

15.8 mg per gram (Figure VIII.D-23). 

Figure VIII.D-23. Quit Results (From Donny et al., 2015 [pg299]). 

 

  

Conclusions: Cigarette consumption and nicotine exposure were reduced. The subjects 

did not compensate. Dependence was reduced. Quit attempts increased. 

viii. Transient compensatory smoking in response to placebo cigarettes. 

MacQueen et al., (2012) [pg301] conducted a study with Quest cigarettes. Eighty-three 

smokers were recruited. Participants completed two separate 2.5-h experimental sessions 

(scheduled 3 to 14 days apart). Sessions were double-blinded, counterbalanced, and only differed 

in the nicotine content of the cigarettes administered: Quest 1 (8.9 mg) or Quest 3 (1.0 mg) 

Section VIII.D Scientific Studies and Analyses - Clinical Studies 
22nd Century Group, Inc. 
MRTPA for VLN™ Cigarette Brand   



P a g e  118 | 304 

 

(placebo). Participants smoked the first of four cigarettes at their own pace through a smoking 

topography device. Each subsequent cigarette was smoked 40 min following initiation of the 

previous cigarette, and all cigarettes were followed immediately by completion of a subjective 

questionnaire (Modified Cigarette Evaluation Questionnaire; contains 12 items and assesses five 

domains: smoking satisfaction, psychological reward, aversion (e.g., dizziness and nausea), 

sensory feelings, and reduction in craving). Smoking topography measures included total puff 

volume, total puff duration, total interpuff interval, total number of puffs, and average maximum 

peak air velocity per cigarette.  

This study measured the effects of first smoking of the cigarette. Each subject smoked 

one cigarette 4 times over a day. Puff volume was initially increased, and total puff duration 

increased.  Interpuff interval was decreased. Differences in total puff volume and duration 

generally dissipated across smoking bouts, with differences in total puff volume nonexistent by 

the third and fourth bouts. Placebo cigarettes produce compensatory smoking during initial 

exposures; however, these effects appear to be short lived (Figure VIII.D-24).  
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Figure VIII.D-24. Topography (From MacQueen et al., 2012 [pg301]). 

 
 

Smoking satisfaction and sensory feelings were greater in the high nicotine group.  These 

subjective ratings also showed reduction across cigarette trial.  Participants rated cigarettes with 

higher nicotine content as more satisfying and indicated that they enjoyed the sensory aspects 

to a higher degree than when smoking cigarettes with lower nicotine content; these effects 

diminished across smoking trials, regardless of nicotine content. The nicotine-containing 

cigarettes were also found to reduce cravings to a greater extent than low nicotine cigarettes. 

Psychological reward and aversion ratings were significantly affected by nicotine content, 

cigarette trial, and their interaction. Smoking was generally more rewarding and aversive (i.e., 

caused a higher degree of dizziness and nausea) for higher dose cigarettes, but these differences 

attenuated across smoking sessions (Figure VIII.D-25). 
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Figure VIII.D-25. Topography (From MacQueen et al., 2012 [pg301]). 
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Conclusions: It appears that smokers attempt to compensate after one use of very low 

nicotine cigarettes. The effect seems to diminish after just a few cigarettes. 

ix. A Randomized Controlled Trial of Progressively Reduced Nicotine Content Cigarettes on 
Smoking Behaviors, Biomarkers of Exposure, and Subjective Ratings. 

Mercincavage, et al., (2016) [pg301] studied 158 daily, non-treatment-seeking smokers in a 

35-day randomized, unblinded, parallel study. After a 5-day baseline period, participants were 

randomly assigned to an experimental group (n= 80) that smoked progressively decreasing 

reduced nicotine content Quest cigarettes for three 10-day periods, or control group (n=78) that 

smoked their own brand throughout the study. 

Daily cigarette consumption and total puff volume was not affected in the 0.05 mg 

nicotine group (Quest 3). CO boost was not affected indicating no compensation. 
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Figure VIII.D-26. CPD (From Mercincavage, et al., 2016 [pg301]) 

 

As expected NNAL and cotinine were reduced and there was no effect on 1-HOP (Figure 

VIII.D-27). Subjective ratings indicated that the participants perceived the Quest 3 as being 

weaker, less satisfying and milder than usual brand. 
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Figure VIII.D-27. BOE (From Mercincavage, et al., 2016 [pg301]) 

Conclusions: After 10 days of use there was no effect on cigarette consumption or 

compensation in the 0.05 mg nicotine group. Cotinine and NNAL were decreased.  

x. New lower nicotine cigarettes can produce compensatory smoking and increased carbon 
monoxide exposure. 

Strasser, et al., (2007) [pg303] conducted a study to test the hypothesis that compensatory 

smoking will occur as nicotine levels of cigarettes decrease, increasing exposure to tobacco 

toxins.   In this study, 50 adult smokers participated in a single laboratory session.  Subjects first 

smoked one of their own brand cigarettes through a topography device. Thirty minutes after 

smoking their own brand cigarette, participants smoked the first of three Quest cigarettes (Quest 

1 [nicotine content 0.6 mg], Quest 2 [nicotine content 0.3 mg] or Quest 3 [nicotine content ≤0.05 

mg]) with a 30-minute interval between cigarettes.  The Quest cigarettes were presented in a 

randomized order, counter-balanced across participants to minimize potential order effects.  

Subjects and researcher were blind to nicotine level.  Puff volume was measured using the 

topography device.  Prior to and 4 minutes after smoking each cigarette, participants provided 
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breath CO samples.  Upon extinguishing each cigarette, participants completed a 14-item 

subjective rating of the cigarette they had just finished smoking, including which had the most 

and least amount of nicotine.   

Puff volume was not changed but number of puffs was decreased with the 0.05 mg 

nicotine cigarette when compared to own brand. This caused a reduction in the total puff volume.  

CO boost was not changed. Strength of cigarette, satisfaction from smoking, and smoke strength 

differed significantly by nicotine level (Table VIII.D-26). 

Table VIII.D-26. Topography (From Strasser, et al., 2007 [pg303]). 

 

Conclusion: There was no compensation after a single use of 0.05 mg nicotine cigarettes. 
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xxi. The acute effects of nicotine on the subjective and behavioural responses to denicotinized 
tobacco in dependent smokers 

This study by Barrett and Darredeau (2012) [pg297]evaluated the effect of pre-use of a 

quick release nicotine lozenge on denicotinized cigarette smoking behavior. Twenty-seven 

subjects were randomized in a double-blind study design. Subjects were given a nicotine lozenge 

or a placebo lozenge and 30 minutes later allowed to smoke a single Quest 3 cigarette.  Subjective 

state was assessed using the Questionnaire of Smoking Urges-Brief. 

Relative to the placebo lozenge, use of the nicotine lozenge reduced the levels of Quest 

3 self-administration. The use of a single Quest 3 cigarette was followed by a reduction in craving 

irrespective of the type of lozenge (nicotine or placebo). Quest 3 usage was associated with 

increased ratings of 'pleasant,' 'satisfied,' 'stimulated,' and 'relaxed,' as well as with decreased 

ratings of 'anxious,' independent of the type of lozenge. 

Conclusion: This study suggests that there are factors other than nicotine in tobacco that 

may be contributing to the addictive factors of smoking. 

xii. The effects of nicotine, denicotinized tobacco, and nicotine-containing tobacco on cigarette 
craving, withdrawal, and self-administration in male and female smokers. 

This study by Barrett (2010) [pg297] examined the acute subjective effects of nicotine in the 

absence of tobacco (through nicotine inhalers and placebo inhalers), tobacco with greatly 

reduced nicotine (Quest 3 cigarettes), and nicotine-containing tobacco (Quest 1 cigarettes), and 

their effects on subsequent smoking behavior.  A total of 22 smokers (12 male, 10 females; 11 

low dependent, 11 high dependent) were enrolled.  During 4 randomized blinded sessions, 

participants self-administered inhaled nicotine, inhaled placebo, Quest 1 cigarettes, or Quest 3 

cigarettes and assessed their effects using Visual Analogue Scales and the Brief Questionnaire of 
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Smoking Urges.  They could then self-administer their preferred brand of cigarettes using a 

progressive ratio task.  Quest 1 cigarettes and Quest 3 cigarettes were each associated with 

increased satisfaction and relaxation as well as decreased craving relative to the inhalers, and 

Quest 1 cigarettes increased ratings of stimulation relative to each of the other products.  Both 

Quest 1 and Quest 3 cigarettes delayed the onset of preferred tobacco self-administration 

relative to inhaled nicotine and inhaled placebo, but only Quest 3 cigarettes reduced the total 

amount of nicotine self-administered.   

Conclusion: Quest 3 can reduce craving. 

xiii. Smoking Topography Characteristics of Very Low Nicotine Content Cigarettes, With and 
Without Nicotine Replacement, in Smokers with Schizophrenia and Controls. 

Tidey et al., (2016) [pg304] investigated the effects of Quest 3 cigarettes on smoking 

topography in 27 schizophrenics (SS) and 23 control smokers (CS).  The hypothesis was that 

schizophrenics may be prone to changing their smoking topography in response to lower nicotine 

levels. The study was a within-subject, counter balanced design. SS and CS smoked usual brand, 

Quest 3 cigarettes while wearing a placebo nicotine patch, or Quest 3 while wearing a 42 mg 

nicotine patch. The subjects smoked through a topography device during 5-hour ad libitum 

smoking sessions.  

Across all conditions, SS smoked more puffs per session and per cigarette, had higher 

cigarette volumes, and had shorter inter-puff intervals than CS (Ps < .01). During VLNC cigarette 

sessions, puff duration increased and time between puffs decreased, but participants smoked 

fewer puffs, resulting in a net decrease in cigarette and total session volume (Ps < .001). There 

were no significant interactions between group and condition (Figure VIII.D-28).  
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Figure VIII.D-28. Topography (From Tidey et al., 2016 [pg304]) 

 

Conclusions: This study indicates that acute use of Quest 3 cigarettes does not increase 

the intensity of smoking in schizophrenics. There was no compensation in CS smokers. Use of the 

nicotine patch did not affect smoking behavior. 

xxiv. The impact of smoking very low nicotine content cigarettes on alcohol use. 

Dermody et al., (2016) [pg299] were interested in the effect of SPECTRUM® cigarette usage 

on alcohol intake over time. This study was an analysis of a subset of a 7-arm, double-blind, 

randomized clinical trial conducted at 10 U.S. sites. Daily smokers not currently interested in 

quitting (n = 839) were assigned to equally sized groups to smoke for 6 weeks cigarettes 

containing either normal nicotine content (NNC; 15.8 mg/g, 9 mg tar), moderate nicotine content 

(MNC;5.2 mg/g nicotine, 9 mg tar), or very low nicotine content (VLNC; 0.4 to 2.4 mg/g, 9 to 13 

mg tar). This investigation focused on a subsample of current drinkers (n = 403). Each reduced 

nicotine content cigarette condition was compared to the NNC control condition with respect to 

trajectories over the 6-week period of average daily alcohol use and occurrence of binge drinking. 
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Moderating variables were considered. Mediation analyses tested potential explanatory 

processes including changes in nicotine exposure, cigarettes per day, and withdrawal. 

This study modeled drinking and smoking behaviors and investigated the interactions 

between them. Table VIII.D-27. Effect on Alcohol Use (From  shows some of the results of the analysis. 

All results are compared to the NNC group. Slope 1 is over the first two weeks and Slope 2 is over 

the 2- to 6-week period. Over time, reduced nicotine exposure and smoking rate mediated effects 

of VLNC cigarette use on reduced alcohol use. There was no evidence of compensatory drinking 

in response to nicotine reduction or nicotine withdrawal, even among subgroups expected to be 

at greater risk (e.g., relatively heavier drinkers, highly nicotine-dependent individuals). Reduced 

CPD was associated with reduced alcohol consumption. Changes in CPD were unrelated to binge 

drinking.  

Table VIII.D-27. Effect on Alcohol Use (From Dermody et al., 2016 [pg299]) 
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Conclusion: The findings suggest that compensatory drinking is unlikely to occur in 

response to switching to VLNC cigarettes. In contrast, reducing the nicotine content of cigarettes 

may reduce alcohol use. 

 
xv. Nondaily smokers’ changes in cigarette consumption with very low-nicotine-content 

cigarettes. A randomized double-blind clinical trial (NCT02228824). 

Shiffman, et al., (2018) [pg303] conducted a cigarette consumption study in nondaily 

smokers. This was a 12-week randomized, controlled, double-blind intervention trial. After a 2-

week baseline period when participants smoked their own brand of cigarettes, participants were 

randomized (1:1, block size of 10, stratified by own-brand menthol preference) to receive 

SPECTRUM 0.07 mg nicotine / g tobacco cigarettes (VLNCs) or normal-nicotine-content cigarettes 

(NNCs), blinded (identical in appearance), which they were to smoke exclusively for 10 weeks. 

Cigarette consumption was the primary outcome and was assessed using 3 different methods: 

(1) timeline follow-back reports of the number of research and conventional cigarettes smoked 

each day since the prior visit (retrospective reports entered in calendar format); (2) counts of 

cigarette butts stored in plastic bags issued for each day; and (3) reports from participants each 

time they smoked via calls to an interactive voice response system. Daily, participants received a 

call to report cigarettes not reported in real time. The 3 methods were highly concordant, yielding 

a highly reliable composite (mean) measure of daily consumption. Mean CPD was computed 

during 2-week blocks, relative to time of randomization. Abstinence for the final 2-week block 

was also assessed, with biochemical validation via urinary total cotinine (<100 ng/mL; carbon 

monoxide, <8 ppm). In intent-to-treat (ITT) analyses, smoking was assumed for participants lost 

to observation. On exit from the study, participants were asked to rate their intention to quit 

Section VIII.D Scientific Studies and Analyses - Clinical Studies 
22nd Century Group, Inc. 
MRTPA for VLN™ Cigarette Brand   



P a g e  130 | 304 

 

smoking (1 indicating not at all and 5 indicating completely) in the succeeding month and in 6 

months. 

The VLNC cigarette group reduced consumption by 1.51 CPD throughout 10 weeks (Figure 

VIII.D-29). Analysis throughout 2-week periods showed that CPD decreased significantly more in 

the VLNC group over time (Figure VIII.D-30). There were no differences in CPD changes after week 

5. Treatment group differences were not moderated by sex, race/ethnicity, or history of daily 

smoking. Abstinence was not different between VLNC and NNNC in weeks 9 to 10. This is not 

surprising since over 70% of the participants reported FTND score of 0 indicating that they were 

not addicted to smoking. 

Conclusions: CPD are reduced in intermittent smokers. Abstinence is not affected. 

Figure VIII.D-29. CPD (From Shiffman et al. 2018 [pg303]) 
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Figure VIII.D-30. CPD (From Shiffman et al. 2018 [pg303]) 

 
xvi. Response to varying the nicotine content of cigarettes in vulnerable populations: An initial 

experimental examination of acute effects. 

Higgins, et al., (2017, Psychopharmacology) [pg300] were interested in the effect of VLNC 

cigarettes in vulnerable populations. Twenty-six adult, daily cigarette smokers were from one of 

three populations: economically disadvantaged women of reproductive age (n = 9), opioid-

dependent individuals (n = 11), individuals with affective disorders (n = 6). Participants completed 

fourteen 2 – 4 hour experimental sessions in a within-subjects research design. Sessions were 

conducted following brief smoking abstinence. Four SPECTRUM® research cigarettes varying in 

nicotine content (0.4, 2.4, 5.2, 15.8 mg/g) were studied under double-blind conditions, assessing 

smoking topography, subjective effects, and relative reinforcing effects of varying doses in 

concurrent choice tests.  

Number of puffs was reduced in the 0.4 mg/g group when compared to the 15.8 mg/g 

group. Mean puff volume was not changed. Reduced number of puffs caused a reduction in total 

puff volume. These changes were not significant (Table VIII.D-28. Topography (From ). The authors 

concluded that there were no discernable differences in smoking topography. All test cigarettes 
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were effective in reducing nicotine withdrawal (Figure VIII.D-31). Ratings of satisfaction were 

lower in the 0.4 mg/g group than 15.8 mg/g group (Table VIII.D-29. Craving ). 

Conclusions: There was no compensation in vulnerable populations. The 0.4 mg/g 

cigarette was effective in reducing withdrawal. 

Table VIII.D-28. Topography (From Higgins et al. 2017, Psychopharmacology [pg300]). 
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Figure VIII.D-31. Withdrawal and urges (From Higgins et al. 2017, Psychopharmacology [pg300]) 
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Table VIII.D-29. Craving (From Higgins et al. 2017, Psychopharmacology [pg300])

 

xvii. Nicotine and Anatabine Exposure from Very Low Nicotine Content Cigarettes. 

Research using VLNC cigarettes has shown that participants under report use of non-study 

cigarettes. This study by Denlinger, et al., (2016) [pg298] aimed to characterize biomarkers of 

nicotine exposure when participants exclusively used VLNC cigarettes. Twenty-three participants 

stayed in a hotel that permitted smoking for 5 days and 4 nights. They were provided 2 packs of 

SPECTRUM® cigarettes each day (0.4 mg of nicotine/g of tobacco) and did not have access to 

other tobacco products. 24-hour urine samples were collected to assess exposure to nicotine and 

anatabine. Anatabine levels in SPECTRUM® cigarettes are reduced compared to conventional 

cigarettes. The participants returned for a second week and were allowed to smoke one of their 

usual brand cigarettes each day in addition to the VLNC cigarettes. This group is referred to as 

“10% usual brand group”. 

Figure VIII.D-32. BOE (From Denlinger et al. 2016 [pg298]) shows the geometric means for the 

urinary biomarkers. The concentrations of both total cotinine and total nicotine equivalents 

decreased markedly over the first two days. There was no difference between the exclusive VLNC 

group and the 10% usual brand group. Anatabine levels did not reveal any valuable data.   

Conclusion: Cheaters are unlikely to significantly impact urinary biomarkers of nicotine 

exposure. 

Section VIII.D Scientific Studies and Analyses - Clinical Studies 
22nd Century Group, Inc. 
MRTPA for VLN™ Cigarette Brand   



P a g e  135 | 304 

 

Figure VIII.D-32. BOE (From Denlinger et al. 2016 [pg298]) 

 

 

xxviii. Alcohol-induced increases in smoking behavior for nicotinized and denicotinized cigarettes in 
men and women. 

Alcohol is known to increase smoking urges and smoking behavior.  To evaluate if nicotine 

content of cigarettes or gender of subjects influences this effect, King et al., (2009) [pg301] 

enrolled forty-two male and female smokers who were non-dependent heavy social drinkers in 

2 double-blind laboratory sessions.  Subjects were randomized to receive either an alcohol (n=29) 

or placebo (n=13) beverage and then smoked either Quest 3 (≤0.05 mg nicotine yield) or Quest 

1 (0.60 mg nicotine yield) cigarettes over a 3-hour period.  Results showed that alcohol, compared 

Section VIII.D Scientific Studies and Analyses - Clinical Studies 
22nd Century Group, Inc. 
MRTPA for VLN™ Cigarette Brand   



P a g e  136 | 304 

 

with placebo beverage, increased both men’s and women’s smoking urge (Figure VIII.D-33), as well 

as subjective ratings of smoking reference puffs for either nicotinized or VLNC cigarettes. The 

data are combined on cigarette type as there were no differences between Quest 3 and Quest 1.  

Regardless of cigarette type, alcohol (more than placebo) increased men’s smoking behavior, 

including puff count, volume, and duration (Figure VIII.D-34).  In contrast, for women, smoking 

topography measures did not differ between alcohol and placebo conditions.  The authors 

concluded that the results indicate that the mechanisms underlying co-use of alcohol and 

tobacco in women may be more complex than in men.  

Figure VIII.D-33. Smoking urges (From King et al. 2009 [pg301]) 
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Figure VIII.D-34. Topography (From King et al. 2009 [pg301]) 

 

Conclusion: Alcohol increases smoking urge and puff count more in men than women. 

xxix. Greater reductions in nicotine exposure while smoking very low nicotine content cigarettes 
predict smoking cessation. 

This publication (Dermody et al. 2015 [pg298]) was a secondary data analysis of two 

analogous randomized trials of treatment-seeking, adult daily smokers (n=112) who were 

instructed to smoke VLNC cigarettes for 6 weeks and then make a quit attempt. Controlling for 

baseline demographic and smoking features, the association between reductions in nicotine 

exposure during the 6-week trial, assessed by urinary total cotinine, and biomarker-confirmed 

smoking abstinence one month later was tested. Subsequent analyses controlled for the effects 

of the frequency of VLNC and normal nicotine content cigarette use, and the nicotine yield of the 

VLNC cigarette (SPECTRUM® (0.05 mg) vs Xodus (0.09 mg)). Nicotine exposure at baseline, week 
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6, and week 12 was assessed by total urinary cotinine (urinary free cotinine plus cotinine N-

glucuronide). Change in cotinine was examined in two ways: Week 6 cotinine level controlling for 

baseline cotinine level and percent change in cotinine level from baseline to week 6. The cotinine 

outcomes were natural log transformed due to positive skew. Abstinence at week 12 was defined 

as no VLNC or non-study cigarettes smoked during the past 7 days and carbon monoxide (CO) < 

6 ng/ml. The analyses were replicated using cotinine (<35 ng/ml) to confirm self-reported 

abstinence. 

At baseline, participants smoked 20.09 CPD and were moderately nicotine dependent 

(FTND=4.46). Lower urinary total cotinine level after smoking VLNC cigarettes for 6 weeks 

increased the odds of cessation 6 weeks later (Odds Ratio (OR)=0.52). This effect was replicated 

with percent change in cotinine (OR=0.46. Effects were not moderated by study or gender (i.e., 

non-significant interaction terms). Controlling for other covariates and sources of nicotine 

exposure, Week 6 urinary total cotinine level was significantly higher in the 2010 study, and 

among individuals who smoked 0.09 mg VLNC cigarettes, reported more non-study and VLNC 

CPD at Week 6, and marginally associated with non-compliance. Week 6 urinary total cotinine 

continued to predict abstinence (OR=0.44), after controlling for sources of nicotine exposure. 

Percent change in cotinine was significantly associated with non-study and VLNC CPD at Week 6. 

Percent change in cotinine remained significantly related to abstinence (OR=0.39), after 

controlling for sources of nicotine. 

Conclusion: Greater reductions in nicotine exposure when smoking VLNC cigarettes were 

associated with increased cigarette abstinence. 
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xxx. Reduced nicotine content cigarettes and use of alternative nicotine products: Exploratory 
trial. 

The primary objective of this study was to evaluate the impact of alternative 

tobacco/nicotine products on smoking behaviors and biomarkers of exposure when smokers 

were switched to SPECTRUM® research cigarettes.  Hatsukami, et al., (2017) [pg300] studied one 

hundred thirty-five participants who were randomized to one of three conditions for eight weeks 

in a parallel arm study design: 1) SPECTRUM® cigarettes with access to non-cigarette combusted 

products and non-combusted tobacco and nicotine (including medicinal) products, referred to as 

VLNC1; 2) SPECTRUM® cigarettes with access to only non-combusted products, referred to as 

VLNC2; or 3) NNC cigarettes with access to non-cigarette combusted and non-combusted 

products, simulating the current marketplace, referred to as NNC. One of the primary 

comparisons was between VLNC1 and VLNC2 vs. NNC conditions to determine the effects of 

nicotine content in cigarettes on rate of use of alternative tobacco/nicotine products and the 

effects of cigarette type and use of these alternative products on smoking behaviors, smoking 

abstinence rates and biomarkers of tobacco exposure. Another primary comparison was 

between VLNC1 vs. VLNC2 to determine the effect of access to combusted and non-combusted 

products vs. non-combusted products alone on similar outcome measures. 

Cigarette consumption decreased when compared to NNC cigarettes even when other 

tobacco products were consumed (Figure VIII.D-35). The mean number of combusted products 

used per day was decreased in the VLNC groups (Figure VIII.D-36). Biomarkers of exposure are 

shown in Table VIII.D-30. BOE (From Hatsukami et al. 2017 [pg300]). TNE, NNAL and NNN were 

reduced in the VLNC groups even though the subjects had access to alternative nicotine sources. 
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Conclusion: The use of alternative tobacco products does not mitigate the overall 

reduction in the usage of VLNC cigarettes or the biomarkers of exposure. 

Figure VIII.D-35. CPD (From Hatsukami et al. 2017 [pg300]) 
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Figure VIII.D-36. Total CPD (From Hatsukami et al. 2017 [pg300]) 
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Table VIII.D-30. BOE (From Hatsukami et al. 2017 [pg300]) 

 

xxxi. Abrupt nicotine reduction as an endgame policy: A randomized trial. 

This was a randomized, parallel-group trial conducted by Walker, et al., (2014) [pg304] in 

New Zealand. Thirty-three dependent adult daily smokers unmotivated to quit were randomly 

allocated to an intervention group provided with 12 weeks supply of free very low nicotine 

content Magic cigarettes, or to a control group, who were free to purchase their usual cigarette 

brand over the same period. The primary outcome was change from baseline in the daily mean 

number of usual cigarettes smoked over the previous week, measured at 12 weeks. Secondary 

outcomes at 6 and 12 weeks included cigarettes smoked per week (also measured at weeks 1–6 
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and 9), salivary cotinine, tobacco dependence, smoking satisfaction/craving, behavioral addiction 

to smoking, autonomy over smoking, motivation to stop, quitting and adverse events. 

The VLNC group reduced their cigarette consumption by half at all time points. Salivary 

cotinine was also reduced (Table VIII.D-31. CPD (From Walker et al. 2014 [pg304])). Overall, the 

participants in the intervention group smoked a similar total amount of CPD (usual plus VLNC) as 

participants in the control group over the 12-week period but replaced their usual brand with 

VLNC cigarettes (Figure VIII.D-37). Participants were heavily dependent at baseline but by 12-

weeks dependence had reduced, more so in the VLNC group. The change from baseline to 12-

weeks in motivation to stop smoking was not significantly different in the intervention group 

compared with the control group. However, participants in the intervention group were more 

likely to have made a quit attempt during the 12-week study period (seven participants), 

compared with those in the control group (one participant). In the intervention group, two 

participants had quit smoking usual cigarettes and no participants had quit smoking usual as well 

as VLNC cigarettes (7-day point prevalence abstinence at 12 weeks). In comparison, one 

participant had quit smoking usual cigarettes in the control group. In terms of continuous 

abstinence at 12 weeks, two participants in the intervention group had quit smoking usual 

cigarettes compared with one in the control group. 

Conclusion: Smokers unmotivated to quit will reduce their usual cigarette consumption 

when VLNC cigarettes are available. 
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Table VIII.D-31. CPD (From Walker et al. 2014 [pg304]) 
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Figure VIII.D-37. CPD (From Walker et al. 2014 [pg304]) 

 
xxxii. Evaluation of a reduced nicotine product standard: Moderating effects of and impact on 

cannabis use. 

This is a secondary analysis of a study examining the effect of nicotine content on smoking 

behavior performed by Donny, et al., (2015) [pg299]. Pacek, et al., (2106) [pg302] performed a 

linear regression assessing whether baseline cannabis use moderated behavioral, subjective, or 

physiological effects of smoking very low nicotine content (VLNC) versus normal nicotine content 

(NNC) cigarettes. Repeated measures analysis of associations between nicotine condition and 

prevalence and frequency of cannabis use was completed using generalized estimating equations 

(GEE). 

At baseline, 28.9% of the study subjects were current cannabis users. VLNC cigarettes 

significantly decreased CPD, FTND scores, QSU scores and TNE in cannabis users and non-users 

(Table VIII.D-32). VLNC cigarettes significantly decreased WISDM, total NNAL, total puff count, and 

total puff volume among non-cannabis users, while significantly decreasing PANAS positive affect 

scores among cannabis users. Cannabis use significantly moderated the effect of VLNC cigarettes 
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on QSU Factor 1 scores: cannabis users exhibited greater decreases in QSU Factor 1 scores than 

non-cannabis users. Assignment to VLNC versus NNC cigarettes was not associated with days of 

cannabis use.  

Table VIII.D-32. CPD and smoking urges (From Pacek et al. 2016 [pg302]) 

 

Conclusion: Cannabis use is unlikely to affect VLNC use and VLNC use is unlikely to affect cannabis use. 

xxiii. Treating smokers before the quit date: Can nicotine patches and denicotinized cigarettes 
reduce cravings? 

Rezaishiraz, et al., (2007) [pg303] investigated whether treatment with the combination 

of denicotinized cigarettes and 21-mg nicotine patch for 2 weeks before a designated quit date 

could lessen cravings for smoking, thereby helping smokers abstain from smoking. The study was 

a randomized controlled clinical trial with 98 adult heavy smokers (using 20 or more 

cigarettes/day). Half of the subjects received 2 weeks of combination of denicotinized cigarettes 
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(Quest 3) and 21-mg nicotine patch for 2 weeks before the quit date. The remaining smokers 

were switched to light cigarettes (Quest 1) during the 2 weeks before the quit date. After the quit 

date, all subjects received counseling for smoking cessation and were provided nicotine patches 

for up to 8 weeks after the quit date. Self-reported cravings for smoking, withdrawal symptoms, 

and smoking abstinence were measured at predetermined intervals using phone-based surveys 

and in clinical visits.  

The group that used denicotinized cigarettes and nicotine patch before quitting reported 

less frequent and less intense cravings for cigarettes in the 2 weeks before and after the 

designated quit date (Figure VIII.D-38). Self-reported withdrawal symptoms and quit rates did not 

differ significantly between the groups (Figure VIII.D-39). Self-reported quit rates at 3 and 6 

months were not different (both groups had NRT for up to 8-weeks post quit date) (Figure 

VIII.D-40). 

Conclusion: VLNC may be effective in helping reduce cravings prior quit date. 
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Figure VIII.D-38. Craving (From Rezaishiraz, et al., 2007 [pg303]) 
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Figure VIII.D-39. Withdrawal (From Rezaishiraz, et al., 2007 [pg303]) 
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Figure VIII.D-40. Quit rates (From Rezaishiraz, et al., 2007 [pg303]) 

xxxiv. Effects of 6-week use of reduced-nicotine content cigarettes in smokers with and without 
elevated depressive symptoms. 

This is a secondary analysis of a study examining the effect of SPECTRUM® cigarettes with 

varying nicotine content on smoking behavior performed by Donny, et al., (2015) [pg299]. Tidey, 

et al., (2017) [pg303] used linear regression to examine whether baseline depressive symptom 

severity (scores on the Center for Epidemiologic Studies Depression Scale [CES-D]) moderated 

the effects of reduced-nicotine content (RNC) cigarettes, relative to normal-nicotine content 

(NNC) cigarettes, on smoking rates, depressive symptom severity, and related subjective and 

physiological measures. 

Of the 717 participants included in this analysis, 109 (15.2%) had CES-D scores ≥ 16, 

indicative of possible clinical depression. Relative to NNC cigarettes, RNC cigarettes reduced 

smoking rates, nicotine dependence, and cigarette craving, and these effects were not 
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significantly moderated by baseline CES-D score. A significant interaction between baseline CES-

D score and cigarette condition on week 6 CES-D score was observed (p < .05); among those with 

CES-D scores ≥ 16 at baseline, those assigned to RNC cigarettes had lower week 6 CES-D scores 

than those assigned to NNC cigarettes (Table VIII.D-33). Among those in the lowest nicotine 

content (0.4 mg nicotine/g tobacco) conditions, biochemically confirmed compliance with the 

RNC cigarettes was associated with an increase in CES-D score for those with baseline CES-D 

scores < 16 and no change in CES-D score for those with baseline CES-D scores ≥ 16. 

Conclusion: Reduced nicotine cigarettes may reduce smoking, without worsening 

depressive symptoms, in subjects with elevated depressive symptoms. 
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Table VIII.D-33. CPD (Tidey et al. 2017 [pg303])
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xxxv. A prospective, double-blind, randomized, active controlled, parallel group, multicenter phase 
II clinical trial to evaluate the effectiveness of Quest alone and in combination with nicotine replacement 
therapy as a smoking cessation aid (IND 69,185). 

This study was performed for Vector Tobacco Company using 22nd Century VLN™ 

tobacco. 22nd Century has the right to cite Vector’s data. 22nd Century does not have any 

additional records related to the study other than the ones included with this application for 

IND69185. Original records may be found in the IND submissions. 

 This study (Vector Tobacco Inc. 2006, IND69185 [pg304]) was a randomized trial of 346 

subjects motivated to quit subjects. The subjects were randomized to one of three treatments: 

Group 1: Quest 1, Quest 2, Quest 3 plus NRT patch 

Group 2: Quest 1, Quest 2, Quest 3 plus placebo patch 

Group 3: Active control cigarettes plus NRT patch 

Figure VIII.D-41 shows the study design. Subjects were followed over 8 months at five 

clinical sites. Subjects in group 1 and 2 transitioned from Quest 1 to Quest 3 over 5 weeks. At 

week 5, groups 1 and 2 received their respective NRT patches. The end of week 6 was the quit 

date. Endpoints included abstinence, quit rates, subjective questionnaires and cigarettes per day.  

Four-week abstinence data (ITT population) was 43.2% in group 1, 24.1% in group 2 and 

26.3% in group 3. This study demonstrated that Quest was as effective as standard of care NRT 

treatment in achieving abstinence at four weeks and suggests that Quest alone may be as 

effective as standard of care NRT. No statistically significant differences were observed in three- 

or six-month quit rates. 
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Figure VIII.D-41. Study design (From Vector IND 69,185 November 22, 2004 Update) 

 

Conclusion: Quest was effective for abstinence. 

xxvi. Sex differences in acute relief of abstinence-induced withdrawal and negative affect due to 
nicotine content in cigarettes. 

This study by Perkins and Karelitz (2015) [pg302] used a within-subjects design to assess 

acute effects of intermittently smoking nicotine versus denicotinized cigarettes on relief of 

withdrawal and negative affect in 21 male and 22 female dependent smokers who were abstinent 

overnight. Each Quest cigarette was administered to participants blind to brand markings and 

nicotine content, with the amount of smoking intake (i.e. topography) controlled (24 puffs over 

2 hours). Withdrawal symptoms were obtained before and after smoking, and negative affect 

was assessed after each period of cigarette exposure consisting of 6 puffs every 25 min. 

Men and women did not differ in baseline withdrawal and negative affect due to 

overnight abstinence, but reductions in each symptom were significantly influenced by the 
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interaction of sex X nicotine/denicotinized cigarette. In men, but not in women, each symptom 

was generally decreased more by the nicotine versus denicotinized cigarette, and the nicotine 

cigarette reduced each to a greater degree in men versus women. Puff volume was less but CO 

boost and perceived nicotine amount were greater for the nicotine versus denicotinized 

cigarette. Yet, men and women did not differ at all in these relative responses to the two different 

cigarettes, in sharp contrast to their differential affective responses. 

Conclusion: Nicotine appears to be less rewarding in women than men. 
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Figure VIII.D-42. Withdrawal (From Perkins and Karelitz 2015 [pg302]) 

xxxvii. Reduced Nicotine Content Cigarettes and Nicotine Patch.

Hatsukami, et al., (2013, ) [pg300] was interested in examining the 

feasibility of using Quest cigarettes as a method to significantly reduce smoking behavior and the 

effects of adding the nicotine patch in augmenting beneficial effects from VLNC cigarettes. 

Seventy-nine smokers interested in quitting were enrolled in the study. After a two-week period 
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during which baseline measurements were collected while subjects smoked their usual brand ad 

libitum, subjects were assigned to one of three conditions: a) 0.05-0.09 mg nicotine yield 

cigarettes (Quest 3), that is very low nicotine content cigarettes, b) 21 mg nicotine patch (NP), or 

c) combination of both. Subjects were initially assigned Quest 3 cigarettes. These cigarettes were 

no longer available after randomizing 27% of the subjects, so the study was switched to Xodus39. 

Subjects were instructed to use only assigned products for six weeks, after which time they were 

to discontinue all product use. Subjects were seen weekly during the 6-week product assignment 

period and an additional 6 weeks at weeks 7, 8, 10 and 12 for continued behavioral treatment. 

At each visit, subjects assigned to either cigarette condition were provided a supply equivalent 

to 150% of their baseline smoking rate (to allow for compensatory smoking) and were told to 

smoke these VLNC cigarettes ad libitum, that is, as they would smoke their usual cigarettes. 

Subjects assigned to receive nicotine patch were informed to replace the old patch with the new 

patch each morning. Subjects maintained a daily smoking diary where they recorded any 

cigarettes smoked (either those assigned to them or their usual brand). They were not penalized 

for smoking unassigned cigarettes but told that although we do not encourage them to smoke 

cigarettes other than those assigned, it is crucial to the study that they accurately report all 

cigarette use. Follow-up visits occurred at 16, 24 and 36 weeks. 

Biomarkers of tobacco exposure measures included a) urinary total nicotine equivalents 

(TNE) b) urinary total cotinine, c) alveolar carbon monoxide and d) urinary 4-

(methylnitrosamino)-1-(3-pyridyl)-1-butanol and its glucuronides (total NNAL). All measures 

                                                           
39 Xodus cigarettes were manufactured by 22nd Century. They contained 1.89 mg nicotine /g tobacco (dry weight) 
(blend of VLN™ and non-VLN™ tobacco) and yielded 0.09 mg nicotine/cigarette and 10.8 mg tar in the smoke.  
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were assessed at baseline. Additionally, carbon monoxide was assessed at each clinic visit, 

cotinine at weeks 2, 6 and 12 of intervention and at follow-up visits, and biomarkers for other 

exposures at week 6 of intervention. Subjective measures included: a) a Tobacco Use 

Questionnaire asking about current tobacco use status (cigarettes and other tobacco products); 

b) a daily diary detailing the number of assigned products used and usual cigarettes smoked; c) 

the Minnesota Nicotine Withdrawal Scale, d) Fagerstrom Test for Nicotine Dependence (FTND); 

e) Centers for Epidemiological Studies 20-item scale (CES-D) assessing current symptoms of 

depression and f) Perceived Health Risk. All of these measures were assessed at baseline. 

Cigarette or product use was assessed daily, the Tobacco Use Questionnaire and Minnesota 

Nicotine Withdrawal Scale at each clinic visit and Perceived Health Risk at weeks 2 and 6. 

The number of cigarettes smoked per day was reduced in both VLNC and VLNC plus patch 

groups.  Exhaled CO followed a pattern similar to cigarettes (Figure VIII.D-43). TNE and urinary 

cotinine were reduced in all groups (Table VIII.D-34). Craving and nicotine withdrawal were not 

affected by treatment. After completion of treatment there was no difference in abstinence rates 

(~ 18%) after 36 weeks (Table VIII.D-35).  

Conclusions: Use of VLNC cigarettes reduced CPD and nicotine exposure. Addition of a 

nicotine patch to the VLNC cigarette produced a larger decrease in CPD. Thirty-six-week 

abstinence was about 18%. Addition of a nicotine patch did not increase abstinence rates. 
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Figure VIII.D-43. CPD (From Hatsukami, et al., 2013, Cancer Epidemiology... [pg300] 
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Table VIII.D-34. BOE (From Hatsukami, et al., 2013, Cancer Epidemiology... [pg300]) 

 

Section VIII.D Scientific Studies and Analyses - Clinical Studies 
22nd Century Group, Inc. 
MRTPA for VLN™ Cigarette Brand   



P a g e  161 | 304 

 

Table VIII.D-35. CO (From Hatsukami, et al., 2013, Cancer Epidemiology... [pg300]) 

 
xxxviii. Reduced nicotine cigarettes: Smoking behavior and biomarkers of exposure in smokers not 

intending to quit. 

Seventy-two adult smokers completed an unblinded trial of reduced nicotine cigarettes 

(Quest) (Hammond and O'Connor 2014 [pg300]). Participants completed a 7-day baseline period 

during which they smoked their usual cigarette brand, followed by consecutive 7-day periods 

smoking cigarettes with progressively lower nicotine levels (0.6, 0.3, and 0.05 mg Quest 
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cigarettes). Nicotine dependence and withdrawal, smoking behavior, and biomarkers of 

exposure were assessed for each 7-day period.  

There was no difference in CPD between groups. Puff number and as a result total puff 

volume was decreased in the Quest 3 group (Table VIII.D-36). There was no CO boost and cotinine 

was reduced in the Quest 3 group (Table VIII.D-37). There was no difference in smoking urges and 

cravings between usual brand and Quest 3 (Table VIII.D-38). 

Table VIII.D-36. Topography and CPD (Hammond and O'Connor 2014 [pg300]) 
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Table VIII.D-37. BOE (From Hammond and O'Connor 2014 [pg300]) 

 
Table VIII.D-38. Smoking urges (From Hammond and O'Connor 2014 [pg300]) 
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Conclusions: Surprisingly, CPD was not affected by smoking Quest 3 cigarettes. There was 

no compensation and nicotine exposure were decreased. Quest 3 was as effective as usual brand 

in suppressing urge to smoke and withdrawal symptoms.  

xxxix. Prolonged exposure to denicotinized cigarettes with or without transdermal nicotine. 

Donny and Jones (2009) [pg299] conducted a multi-dose, placebo-controlled, double-blind 

experiment in 68 subjects. The subjects received either a placebo patch and normal nicotine 

cigarettes (0/NC), a 7 mg nicotine patch and Quest 3 cigarettes (7/DN), a 14 mg patch and Quest 

3 (14/DN), or 21 mg patch and Quest 3 (21/DN). The subjects smoked the products over 9 days. 

Smoking topography, subjective questionnaires, and exhaled CO were monitored. Topography 

was measured under controlled puffing and ad libitum conditions (Table VIII.D-39). 

There was no difference in CPD between the normal cigarette and Quest 3 cigarettes. 

Addition of the nicotine patches reduced CPD (Figure VIII.D-44). Total puff volume was reduced in 

the Quest 3 groups (Figure VIII.D-44). Puff number was not affected. CO boost was not different 

between the NC and DN groups. Salivary cotinine levels at Day 10 for 0/NC, 0/DN, 7/DN, and 

21/DN were 263 (±30) ng/ml, 33 (±9) ng/ml, 194 (±27) ng/ml, and 355 (±32) ng/ml, respectively. 

DN cigarettes were rated as having high negative and low positive subjective effects. Transdermal 

nicotine attenuated the withdrawal symptoms.  

Conclusions: Quest 3 cigarettes did not affect CPD, however cotinine was reduced. There 

was no CO boost or increase in puff volume indicating no compensation. 
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Table VIII.D-39. Study Design (From Donny and Jones 2009 [pg299]) 
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Figure VIII.D-44. CPD (From Donny and Jones 2009 [pg299]) 

 
xxxx. The combined effect of very low nicotine content cigarettes, used as an adjunct to usual 

Quitline care (nicotine replacement therapy and behavioural support), on smoking cessation: a 
randomized controlled trial (ACTRN126080004103580). 

Walker, et al., (2012) [pg304] was interested in the combined effect of VLNC cigarettes and 

usual Quitline care (NRT and counselling) on abstinence. A total of 1,410 subjects were 

randomized into a single-blind, parallel trial. Half of the subjects received Quest 3 for 6 weeks ad 

libitum and NRT and the other half just received NRT and counselling. The primary outcome was 

total abstinence for 7 days six months after the quit date. Other endpoints included CPD, 

subjective questionnaires, alcohol use, and adverse events. 
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Quest cigarette consumption declined during the treatment period (Table VIII.D-40). There 

was no significant difference between the intervention group and the usual care group in the 

average amount of NRT used in abstainers at any time point (Table VIII.D-41) or in the proportion 

of participants who had reduced their daily consumption of regular cigarettes by at least 25% at 

6 months.  

Seven-day point-prevalence 6-month abstinence rates were significantly greater in the 

intervention group compared to the usual care group (Table VIII.D-42). Results were similar when 

only participants with complete smoking data were included. Subgroup analyses showed no 

difference in the primary outcome according to age, sex, ethnicity, socio-economic status, type 

of cigarettes smoked, alcohol use at baseline, level of nicotine dependence or whether at least 

one quit attempt had been made in the last 12 months.   Using continuous abstinence as the 

measure of outcome showed that 160 (23%) participants from the intervention group and 107 

(15%) in the usual care group were abstinent at 6 months.  
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Table VIII.D-40. CPD (From Walker et al. 2012 [pg304]) 
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Table VIII.D-41. NRT use (From Walker et al. 2012 [pg304]) 

 
Table VIII.D-42. Abstinence (From Walker et al. 2012 [pg304]) 
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There was no significant difference in the occurrence of serious adverse events between 

the intervention group (36 events in 36 participants, 5.1%) and usual care group (35 events in 35 

participants, 5.0%, incidence rate ratio = 1.04, 95% CI: 0.65, 1·65, P = 0.9). Injuries to the body 

(eight versus four events) and mental and behavioral disorders (two versus no events) were more 

common in the intervention group than the usual care group, while in the usual care group more 

gastrointestinal events (four versus seven events) and symptoms and signs (one versus six 

events) occurred. All other events were similar in both groups. There were two deaths, one in 

each group, both due to cancer. 

Conclusions: VLNC cigarette consumption declined during the quit attempt. Abstinence 

rate was higher in the group that received VLNC cigarettes and NRT compared to just NRT. 

xxxxi. Reduced-nicotine cigarettes in young smokers: Impact of nicotine metabolism on nicotine 
dose effects. 

Faulkner, at al., (2017) [pg299] compared responses of 46 young adult smokers to 

SPECTRUM® research cigarettes, delivering 0.027 (= 0.4 mg/g), 0.110, 0.231, or 0.763 mg nicotine 

in smoke, and conventional cigarettes. On five separate days, craving, withdrawal, affect, and 

sustained attention were measured after overnight abstinence and again after smoking. 

Participants also rated each cigarette, and the nicotine metabolite ratio (NMR) was used to 

identify participants as normal or slow metabolizers.  

There were no differences between the reduced-nicotine cigarettes, or between reduced-

nicotine cigarettes and the preferred-brand cigarette, in puff count, average volume, intensity, 

or duration. Moreover, there were no differences between normal and slow metabolizers on any 

such measures when smoking reduced-nicotine cigarettes or the preferred-brand cigarette. 
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There were no differences between the plasma nicotine levels of slow and normal metabolizers 

after smoking reduced-nicotine cigarettes or preferred-brand cigarettes. 

All cigarettes equally alleviated craving, withdrawal, and negative affect in the whole 

sample, but normal metabolizers reported greater reductions of craving and withdrawal than 

slow metabolizers, with dose-dependent effects (Figure VIII.D-45). All cigarettes increased positive 

affect and decreases negative effect (Figure VIII.D-46). Smokers liked their preferred brand more 

that the SPECTRUM cigarettes.  

Only conventional cigarettes and, to a lesser degree, 0.763-mg nicotine research 

cigarettes, increased sustained attention. Finally, there were no differences between ratings of 

lower-dose cigarettes, but the 0.763-mg cigarettes and (even more so) conventional cigarettes 

were rated more favorably than lower-dose cigarettes. The findings indicate that smoking-

induced relief of craving and withdrawal reflects primarily non-nicotine effects in slow 

metabolizers but depends on nicotine dose in normal metabolizers. By contrast, relief of 

withdrawal-related attentional deficits and cigarette ratings depend on nicotine dose regardless 

of metabolizer status. These suggest that normal and slow nicotine metabolizers would respond 

differently to nicotine reduction in cigarettes. 
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Figure VIII.D-45. Withdrawal and craving (From Faulkner et al.2017 [pg299]) 

 

 

 

Figure VIII.D-46. Liking (From Faulkner et al.2017 [pg299]) 
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Conclusion: Results suggest that slow and normal metabolizers of nicotine may respond 

differently to VLNC cigarettes. 

xxxii. Pharmacodynamic effects of new de-nicotinized cigarettes.  

When Quest cigarettes were discontinued, NIDA contracted with Ultratech Inc. to develop 

and manufacture de-nicotinized tobacco cigarettes. The cigarettes used a normal blend of 

tobacco that was extracted with an alkaline solution removing the nicotine and reducing TSNAs. 

Pickworth, et al., (1999) [pg303] compared these new cigarettes to conventional cigarettes. Nicotine 

was measured in plasma. Number of puffs was measured. Heart rate and blood pressure were 

measured after smoking. Subjective measures were also collected.  

Table VIII.D-43. Study design (From Pickworth et al. 1999 [pg303]) shows the characteristics of 

the test cigarettes. The de-nicotinized full tar version had a nicotine content of 0.07 mg nicotine. 

Upon smoking the de-nicotinized cigarettes, plasma nicotine was decreased, and heart rate was 

increased (Figure VIII.D-47). The de-nicontinized cigarette was just as effective as standard 

cigarette in reducing withdrawal and urges (Figure VIII.D-48). 

Conclusion: This new de-nicotinized cigarette was effective in reducing nicotine exposure, 

withdrawal, and urges to smoke. 

Table VIII.D-43. Study design (From Pickworth et al. 1999 [pg303]) 

 

Section VIII.D Scientific Studies and Analyses - Clinical Studies 
22nd Century Group, Inc. 
MRTPA for VLN™ Cigarette Brand   



P a g e  174 | 304 

 

Figure VIII.D-47. BOE (From Pickworth et al. 1999 [pg303]) 
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Figure VIII.D-48. Withdrawal (From Pickworth et al. 1999 [pg303]) 

 
xxxxiii. Smoking topography in response to denicontinized and high-yield nicotine cigarettes in 

adolescent smokers. 

The objective of this study was to investigate smoking topography in 35 adolescents using 

high yield (HY) and Ultratech VLNC cigarettes (DN) (Kassel et al. 2007 [pg301]).  The subjects were 

randomized into high yield or VLNC cigarettes. Topography and subjective assessments were 

performed. Puff number was increased in the VLNC cigarette group, but puff volume was not 

(Table VIII.D-44).  

Conclusion: There appeared to be partial compensation with this new test cigarette. 
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Table VIII.D-44. Topography (From Kassel et al. 2007 [pg301] 

 
xxxxiv. Sex differences in response to reduced nicotine content cigarettes. 

Vogel, et al., (2014) [pg304] assigned 235 subjects to one of three treatment conditions: 

1) VLNC cigarettes only (0.05 mg nicotine yield [Quest 3] or 0.09 mg nicotine yield [Xodus] 

cigarettes; yields changed because Quest 3 went off the market during the study); 2) 21 mg 

nicotine patch only and 3) combination condition (VLNC cigarettes and nicotine patch) for a 

period of 6 weeks.  At the end of the 6-week product use period, participants were asked to 

discontinue all product use and provided behavioral treatment for an additional 6 weeks. Follow-

up occurred at 36 weeks from the initiation of the study.  

The combination of VLNC cigarettes and nicotine patch was more effective in reducing 

use of VLNC cigarettes and withdrawal symptoms among males than females, whereas females 

were equally responsive to VLNC cigarettes with and without the nicotine patch (Figure VIII.D-49). 

There was no CO boost (Figure VIII.D-50). Females were more likely to quit smoking than males 

when assigned to either of the conditions that incorporated the VLNC cigarettes; however, males 
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were more likely to quit smoking in the nicotine patch alone condition than females (Table 

VIII.D-45). 

Conclusion: There appears to be a sex difference in response to VLNC cigarettes. 

Figure VIII.D-49. CPD (From Vogel et al. 2014 [pg304]) 
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Figure VIII.D-50. CO (From Vogel et al. 2014 [pg304]) 
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Table VIII.D-45. Abstinence (From Vogel et al. 2014 [pg304]). 

 
xxxxv. Complementing the standard multicomponent treatment for smokers 

with denicotinized cigarettes: A randomized trial. 

McRobbie, et al. (2016) [pg301] hypothesized that Xodus cigarettes could help alleviate 

urges to smoke and tobacco withdrawal symptoms in subjects receiving standard therapy (ST) 

for cessation. Two hundred subjects seeking treatment received nine weekly behavioral support 

therapy and pharmacotherapy (100 used varenicline and 100 used NRT). They were randomized 

on the quit date to receive Xodus cigarettes for two weeks in conjunction with ST or ST alone. 

The subjects were evaluated using subjective questionnaires. Abstinence was measured at 1, 4, 

6 and 12 weeks post quit. 

Incorporation of Xodus cigarettes into the treatment program reduced the urge to smoke 

but not the strength in the first week of abstinence (Table VIII.D-46). There were no differences in 

the composite withdrawal scores between groups. Abstinence was significantly higher in the 

Xodus groups compared to ST alone at 1- and 4-weeks post quit but not at 12-weeks (Table 

VIII.D-47). 

Conclusion: VLNC may assist smokers trying to quit. 
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Table VIII.D-46. Smoking urges (From McRobbie, et al., 2016 [pg301]) 
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Table VIII.D-47. Abstinence (From McRobbie, et al., 2016 [pg301]) 
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xxxxvi. Cognitive effects of very low nicotine content cigarettes, with and without nicotine 
replacement, in smokers with schizophrenia and controls. 

Nicotine has beneficial effects on cognitive function. AhnAllen, et al., (2015) [pg297] 

investigated whether switching to VLNC cigarettes impairs cognitive function in smokers with and 

without schizophrenia, and whether nicotine replacement reverses these effects. Smokers with 

schizophrenia (SS;29) and control smokers (CS;28) smoked usual-brand cigarettes, VLNC 

cigarettes while wearing 2 placebo patches (PLA), or VLNC cigarettes while wearing 2 nicotine 

patches totaling 42 mg (NIC) for 5 hours, and then completed computerized assessments of visual 

sustained attention, motor speed, visual working memory, processing speed, inhibitory control, 

and response variability. 

Across conditions, SS were slower than CS in tasks of motor speed and visual working 

memory and had poorer target detectability on a visual sustained attention task. Across groups, 

functioning in domains of visual sustained attention, inhibitory control, processing speed, and 

response variability was impaired in the VLNC + PLA condition relative to the usual-brand and 

VLNC + NIC conditions (Table VIII.D-48). 

Conclusions: Reducing nicotine may impair cognitive function. Supplementing therapy 

with NRT may ameliorate impaired cognitive function. 
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Table VIII.D-48. Performance (From AhnAllen et al. 2015 [pg297]) 

 

xxxxvii. Mouth-level intake of benzo[a]pyrene from reduced nicotine cigarettes. 

Ding, et al., (2014) [pg299] investigated the mouth level exposure to BaP after smoking 

Quest cigarettes. Seventy-two daily smokers were given progressively reduced nicotine content 

cigarettes (Quest 1, Quest 2 and Quest 3) to smoke over a 7-day period. Butts were collected for 

BaP analysis. CPD, urinary cotinine, and 1-hydroxypyrene were measured throughout the study. 

The average cigarette per day was 14.8 ± 6.4 when participants smoked their usual 

brands. CPDs for Quest 1, 2 and 3 periods were 14.8 ± 6.7, 15.8 ± 7.6 and 15.0 ± 9.4, respectively. 

The median total mouth-level BaP intake decreased as participants switched to the reduced-

nicotine Quest cigarettes (Figure VIII.D-51). There were statistically significant differences 

between each collection period. The same analyses was applied to the biomarkers (urinary 

cotinine (Figure VIII.D-52) and 1-HOP (Figure VIII.D-53) from the same group. Box plot results 
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indicated a similar decreasing trend of median urinary cotinine. Median 1-HOP did not change 

over the four periods when smokers switched to Quest cigarettes (Figure VIII.D-53). 

Conclusion: Use of VLNC cigarettes can reduce mouth level exposure to BaP, but not 

urinary 1-hydroxypyrene. 

Figure VIII.D-51. BaP BOE (From Ding et al. 2014 [pg299]). 
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Figure VIII.D-52. Cotinine BOE (From Ding et al. 2014 [pg299]) 

 
Figure VIII.D-53. 1-HOP (From Ding et al. 2014 [pg299]) 

 
xxxviii. Dose-Response Effects of Spectrum Research Cigarettes. 

Hatsukami, et al., (2013, Nicotine & Tobacco Research) [pg300] conducted two studies with 

SPECTRUM® cigarettes. In the first study, subjects first smoked their usual brand (4 puffs) and 

then randomly were assigned to smoke a low nicotine (LN;0.4 mg), intermediate nicotine 
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(IN;5.7mg) or high nicotine (HN;~12 mg). Each smoking was separated by 30 minutes. Subjects 

completed questionnaires and vital signs after each smoking. In the second study, subjects were 

assigned to smoke one of the three cigarettes for 1-week, and subjective evaluations and 

biomarkers were assessed. 

In the first study, significant dose-response effects were observed, particularly between 

the LN and HN cigarette groups. The LN cigarettes were less satisfying and suppressed the urge 

to smoke less than the usual brand (Table VIII.D-49). In the one-week study there were decreases 

in CPD (Figure VIII.D-54) and BOE in the LN group (Table VIII.D-50). There was no increase in expired 

CO indicating no compensation. 

Conclusions: VLNC reduced cigarette consumption and BOE. There was no compensation. 

Table VIII.D-49. Craving (From Hatsukami et al. 2013, Nicotine & Tobacco Research [pg300]) 
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Figure VIII.D-54. CPD (From Hatsukami et al. 2013, Nicotine & Tobacco Research [pg300]) 

 
Table VIII.D-50. BOE (From Hatsukami et al. 2013, Nicotine & Tobacco Research [pg300]) 

 
xxxxix. Effects of reduced nicotine content cigarettes on individual withdrawal symptoms over time 

and during abstinence (NCT01681875). 

The data comes from a previously published seven-arm, double-blind, 10-site randomized 

trial that included a 2-week baseline and 6-week experimental period (Donny et al., 2015 

[pg299]). Dermody et al., (2018) [pg298] hypothesized that individual withdrawal symptoms 

would be lower in the RNC conditions than the NNC cigarette group because RNC cigarette use 
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over the 6-week period would reduce nicotine dependence. To test these hypotheses, analyses 

included assessments of individual withdrawal symptoms at daily (i.e., during first week of 

switching to RNC cigarettes) and weekly (i.e., for 6 weeks) units of measurement, and also 

evaluated withdrawal during a period of overnight smoking abstinence at the end of 6 weeks of 

study cigarette use. During baseline, participants smoked their UB of cigarettes. Participants were 

then randomly assigned to smoke SPECTRUM® cigarettes varying in nicotine content: 0.4 mg/g, 

0.4 mg/g-high tar (HT; defined a priori as exploratory), 1.3 mg/g, 2.4 mg/g, 5.2 mg/g, 15.8 mg/g 

(defined a priori as the primary control), and UB cigarettes. Following baseline, participants were 

provided a free 14-day supply of cigarettes at each weekly visit. Participants were instructed to 

not use other cigarettes, received brief weekly counseling aimed at increasing compliance, and 

completed weekly laboratory assessments (BOE) and subjective evaluations. 

There were no effects on daily or weekly withdrawal symptoms in the 0.4 mg group. When 

withdrawal symptoms were compared after overnight abstinence, individuals in the 0.4 mg group 

reported significantly less anger/irritability/frustration and difficulty concentrating than the usual 

brand smoker (Table VIII.D-51).  

Conclusions: Use of VLNC cigarettes can cause mild withdrawal symptoms. There was no 

evidence in nontreatment-seeking smokers that lowering the nicotine content in cigarettes to a 

less addictive level would result in severe or protracted nicotine withdrawal. 
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Table VIII.D-51. Craving (From Dermody et al. 2018 [pg298]) 

 
xxl. Nicotine and non-nicotine smoking factors differentially modulate craving, withdrawal and 

cerebral blood flow as measured by arterial spin labeling. 

Smoking cessation results in withdrawal symptoms. Addicott et al., (2014) [pg297] 

investigated the impact of VLNC and NRT on cerebral blood flow in 29 adult smokers. The groups 

were: nicotine patch and Quest 3, nicotine patch and abstinence, placebo patch and Quest 3, and 

placebo patch and abstinence. Subjective evaluations and BOE were also measured. 

Smokers reported more withdrawal symptoms in the abstinence condition than in the de-

nicotine (Quest) group (Figure VIII.D-55). There were no changes in cerebral blood flow (CBF) 

across treatment groups. CBF was reduced in all smokers compared to non-smokers (Figure 

VIII.D-56). 

Conclusion: Non-nicotine factors must be involved with withdrawal as indicated by CBF.  
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Figure VIII.D-55. Craving (From Addicott et al. 2014 [pg297]).

 
Figure VIII.D-56. Brain activity (From Addicott et al. 2014 [pg297]). 

 
xxli. Experimental evidence for a causal relationship between smoking lapse and relapse. 

Juliano et al., (2006) [pg301] evaluated the impact of a smoking lapse on relapse probability. 

Sixty smokers were randomly assigned to smoke either Ultratech low nicotine (0.07 mg) or high 

nicotine cigarettes (0.6 mg) after being abstinent for 4 days. Smoking behavior was tracked for 6 

days.  
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The subjects smoked 5 cigarettes. There was no CO boost, indicating no compensation. 

Heart rate boost was present for the high nicotine product compared to the low nicotine. Craving 

and withdrawal were increased in the denicotinized cigarette (Table VIII.D-52). The percentage of 

subjects that were abstinent at the end of the 6-day follow up period was 70% in the no lapse 

group compared to 45% and 40% in the smoker groups. There was no difference between the 

low and high nicotine groups (Figure VIII.D-57). Subjects in the smoking group were more than 

twice as likely to smoke during the 6-day follow up period.  

Conclusion: Smoking a VLNC after trying to quit does not produce a different abstinence 

outcome than smoking a regular cigarette. 

Table VIII.D-52. BOE (From Juliano et al., 2006 [pg301] 
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Figure VIII.D-57. Abstinence (From Juliano et al., 2006 [pg301] 

 
xlii. Decreasing nicotine content reduces subjective and physiological effects of smoking. 

Penetar et al., (2014) [pg302] investigated the subjective and physiological effects of 

smoking Quest cigarettes. Eight volunteers rated the characteristics of Quest cigarettes with 

varying levels of nicotine. At 30-minute intervals, participants smoked one of three different 

Quest cigarettes in a counterbalanced order (reported machine-smoked nicotine yield: 0.6 mg, 

0.3 mg, or 0.05 mg). Smoking satisfaction and sensations were measured on a cigarette 

evaluation questionnaire. A mood questionnaire measured self-reported subjective changes in 

‘happy,’ ‘stimulated,’ ‘anxious,’ ‘desire to smoke,’ and ‘desire not to smoke.’ Heart rate and skin 

temperature were recorded continuously. 

Subjective ratings of the cigarettes indicated that the Quest cigarettes were less like the 

own brand as the amount of nicotine declined. The subjects also reported being less awake. The 

0.05 mg product was less satisfying (Figure VIII.D-58). There was an initial heart rate boost in the 

0.6 and 0.3 mg nicotine groups but not in the 0.05 mg group (Figure VIII.D-59). 
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Conclusions: VLNC cigarettes are less satisfying. Low nicotine (0.05 mg) does not product 

heart rate boost. 

Figure VIII.D-58. Craving (From Penetar et al., 2014 [pg302]) 
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Figure VIII.D-59. Effect on heart rate (From Penetar et al., 2014 [pg302]) 

 
xxliii. Evaluating the acute effects of oral, non-combustible potential reduced exposure products 

marketed to smokers. 

Cobb et al., (2010) [pg298] compared the effects of oral products to own brand, Quest 3, 

and sham smoking in 28 overnight abstinent cigarette smokers. In each session the product was 

administered twice (separated by 60-minutes) and plasma nicotine, expired CO, and subjectives 

were evaluated.  

Plasma nicotine was significantly reduced after smoking Quest 3. Urge to smoke (QSU 

Factor 1) was similar between own brand and Quest as was craving. Quest was less pleasant than 

own brand (Figure VIII.D-60).  

Conclusion: VLNC results in lower nicotine exposure, reduces urge to smoke and craving. 
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Figure VIII.D-60. BOE and craving (From Cobb et al. 2010 [pg298]) 

VIII.  

xxliv. The airway sensory impact of nicotine contributes to the conditioned reinforcing effects of 
individual puffs from cigarettes. 

Naqvi and Bechara (2005) [pg302] evaluated the sensory impact of nicotine from Quest 

cigarettes by assessing the strength of the smoke impact before the nicotine had the chance to 

reach the brain (<7 seconds). Subjects smoked a Quest 3, Quest 1 or dry puffed the cigarette.  
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The Quest 3 (denic) cigarettes were perceived as less pleasant and desirable and weaker 

than Quest 1 (nic) (Figure VIII.D-61). That is, nicotinized puffs were stronger and more rewarding. 

The extent to which nicotine elicited reward was directly correlated with the extent to which 

nicotine elicited airway sensations (Figure VIII.D-62). 

Conclusion: Removing nicotine from the cigarette will reduce reward. 
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Figure VIII.D-61. Subjectives (From Naqvi and Bechara 2005 [pg302]) 
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Figure VIII.D-62. Subjectives (From Naqvi and Bechara 2005 [pg302]) 

 
xxlv. Placebo cigarettes in a spaced smoking paradigm. 

Eid et al., (2005) [pg299] investigated whether recentness of smoking was an important 

determinant in the ability of a placebo cigarette (Ultratech; 0.07 mg nicotine) to reduce tobacco 

craving. Eight subjects smoked either Ultratech or conventional cigarette (1.1 mg nicotine) in 
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intervals of 30, 60, or 240 minutes. Heart rate, exhaled CO and subjective measures of urges were 

measured. 

Cigarette smoking increased heart rate and expired CO but there was no difference 

between placebo or nicotine cigarettes (i.e. no compensation) (Figure VIII.D-63). Craving was also 

not affected by nicotine content (i.e. the placebo was as effective as the nicotine cigarette in 

suppressing craving) (Figure VIII.D-64). 

Conclusion: Craving can be reduced by VLNC cigarettes. 
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Figure VIII.D-63. BOE (From Eid et al., 2005 [pg299]) 
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Figure VIII.D-64. Smoking urges (From Eid et al., 2005 [pg299]) 

 
xxlvi. Reducing nicotine exposure results in weight gain in smokers randomized to very low nicotine 

content cigarettes. 

Cessation is associated with weight gain. Rupprechet et al., (2017) [pg303] evaluated the 

effect of switching to various SPRECTUM cigarettes in a seven-group double blind 6-week usage 

period. There was a 2-week baseline period during which participants smoked their own usual 

brand cigarettes, and a 6-week investigational cigarette use period. During the 6-week 

experimental period, participants were provided with one of seven types of cigarettes varying in 

nicotine content (mg nicotine per g of tobacco): 0.4 mg/g; 0.4 mg/g high tar (HT); 1.3 mg/g; 2.4 

mg/g; 5.2 mg/g; 15.8 mg/g, and usual brand (UB). Average tar yields were 8 to 10 mg; however, 

for the high tar cigarettes it was 13 mg. The 0.4 HT condition, which contained tobacco filler with 

the same nicotine content, but differed from 0.4 mg/g cigarettes in filter and ventilation resulting 
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in higher yield (ISO) of tar and nicotine, was added to the design to explore the impact of tar yield 

on the use and acceptability of VLNC cigarettes. A two-week supply of cigarettes was provided 

free of charge at each weekly session during the experimental period. During this time, 

participants were instructed to smoke only the provided investigational cigarettes and received 

counseling aimed to increase compliance, though there was no penalty for using other 

nicotine/tobacco products. During each visit to the laboratory, body weight was measured. 

Biomarkers of nicotine exposure were assessed from urine samples collected at randomization, 

week 2, and week 6. Urinary total nicotine equivalents (TNE) were analyzed by liquid 

chromatography tandem mass spectrometry. Saliva samples for the assessment of nicotine 

metabolite ratio (NMR), an indicator or CYP2A6 activity and the rate of nicotine metabolism, 

were collected during the second baseline session. 

There were no significant differences in weight gain when comparing the reduced 

nicotine conditions with the 15.8 mg/g control group across all treatment groups and weeks 

(Table VIII.D-53). However, weight gain at Week 6 was negatively correlated with nicotine 

exposure in the two lowest nicotine content cigarette conditions (Figure VIII.D-65). Within the two 

lowest nicotine content cigarette conditions, both male and female smokers biochemically 

verified to be compliant on study product gained significantly more weight than non-compliant 

smokers and control groups (Figure VIII.D-66). 

Conclusion: As with cessation, usage of VLNC cigarettes is likely to result in weight gain. 
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Table VIII.D-53. Weight gain (From Rupprechet et al., 2017 [pg303]) 
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Figure VIII.D-65. Weight gain (From Rupprechet et al., 2017 [pg303]) 

 

 

Figure VIII.D-66. Cumulative weight gain (From Rupprechet et al., 2017 [pg303]) 
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xxlvii. Separate and combined effects of very low nicotine cigarettes and nicotine replacement in 
smokers with schizophrenia and controls. 

This study by Tidey et al., (2013) [pg304] used a within-subjects design to investigate the 

separate and combined effects of sensorimotor replacement for smoking (very low nicotine 

content Quest 3 [VLNC] cigarettes vs. no cigarettes) and transdermal nicotine replacement (42 

mg nicotine [NIC] vs. placebo [PLA] patches) in smokers with schizophrenia (SS; n = 30) and 

control smokers without psychiatric illness (CS; n = 26). Each session contained a 5-hr controlled 

administration period in which participants underwent the following conditions, in 

counterbalanced order: VLNC + NIC, VLNC + PLA, no cigarettes + NIC, no cigarettes + PLA, usual-

brand cigarettes + no patches. Next, participants completed measures of cigarette craving, 

nicotine withdrawal, smoking habit withdrawal, and cigarette subjective effects, followed by a 

90-min period of ad libitum usual-brand smoking.  

 There was no CO boost in the VLNC group with placebo nicotine patch when compared 

to usual brand. There was an increase in total puff volume in SS compared to CS (data not shown). 

Nicotine withdrawal was higher in the SS group than the CS group. Nicotine withdrawal was not 

different between the VLNC with placebo patch and usual brand (i.e. VLNC suppressed 

withdrawal symptoms). Urge to smoke was not different between SS and CS groups. VLNC had 

the same urge to smoke rating as usual brand (Figure VIII.D-67).  Comparison between VLNC 

cigarettes with and without NRT and usual brand cigarettes on the Cigarette Effect Scale (CES) 

indicated that VLNC cigarettes were less rewarding and satisfying than usual brand. Craving and 

enjoyment were not affected by VLNC in SS but appeared to be reduced in the CS group (Figure 

VIII.D-68). 
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Conclusion: VLNC can suppress withdrawal and urge to smoke. Schizophrenics appear to 

respond differently to withdrawal than conventional smokers. 

Figure VIII.D-67. CO and smoking urge (From Tidey et al. 2013 [pg304]) 
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Figure VIII.D-68. Craving (From Tidey et al. 2013 [pg304]) 

 
xxlviii. Adolescent smokers’ response to reducing the nicotine content of cigarettes: Acute effects on 

withdrawal symptoms and subjective evaluations. 

Cassidy et al., (2018, Drug and Alcohol Dependence) [pg298] evaluated the effect of 

smoking SPECTRUM reduced nicotine cigarettes in adolescent daily smokers (ages 15 - 19). 

Following overnight abstinence, the subjects reported on their craving, withdrawal, and positive 

and negative affect pre- and post- ad libitum smoking of one cigarette containing varying nicotine 

content (15.8, 5.2, 1.3 and 0.4 mg/g of tobacco) in the laboratory and reported their subjective 

evaluations of each cigarette. Carbon monoxide (CO) boost from pre- to post-cigarette was 

calculated to determine if lower-nicotine cigarettes led to differential acute changes in toxicant 

exposure. 

All four nicotine cigarette types significantly reduced abstinence-induced craving, 

withdrawal, and negative affect (Figure VIII.D-69). Mixed models evaluating the effect of nicotine 
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content, with nicotine dependence level and gender included as covariates, revealed a significant 

effect of nicotine content on craving and subjective evaluations: higher nicotine content resulted 

in greater reductions in craving and increases in both positive and negative subjective evaluations 

(Figure VIII.D-70). There were no significant effects of nicotine dose on withdrawal symptoms, 

negative affect, or CO boost (Table VIII.D-54).  

Conclusion: These results suggest that lower nicotine cigarettes may be less addictive due 

to reduced positive subjective effects. 
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Figure VIII.D-69. Smoking urge (From Cassidy et al., 2018, Drug and Alcohol Dependence [pg298]) 
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Figure VIII.D-70. Craving (From Cassidy et al., 2018, Drug and Alcohol Dependence [pg298]) 

 

 

Table VIII.D-54. Craving (From Cassidy et al., 2018, Drug and Alcohol Dependence [pg298]) 

 

 

xlix. Smoking in the absence of nicotine: behavioral, subjective and physiological effects over 11 
days. 

Donny et al., (2007) [pg299] evaluated Quest cigarettes in thirty adult regular smokers. After 

assessing preferred brand smoking characteristics, participants were assigned randomly to one 
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of three groups corresponding to subsequent smoking conditions: nicotine-containing cigarettes 

(Quest 1), de-nicotinized Quest 3 cigarettes or no smoking. The subjects were allowed to smoke 

ad libitum and also observations were made under confined smoking conditions. Measures of 

smoking reinforcement, subjective effects, physiological effects, withdrawal/craving and puff 

topography were taken repeatedly during both periods of free access and controlled assessments 

during abstinence. 

Daily Quest 3 (Denic) cigarette consumption declined over the 11 days. There were no 

effects on smoking topography. There was no CO boost (Figure VIII.D-71). Heart rate was increased 

in the Quest 1 group more so than the Quest 3 group. Subjective ratings of smoking were largely 

negative for Quest 3 throughout the study. The subjects found the Quest 3 cigarette to be 

unpleasant and not enjoyable after the first cigarette (Figure VIII.D-72). There was no difference 

between Quest 1 and Quest 3 for acute craving suppression (QSU Factor 1) (Figure VIII.D-73).  

Conclusions: VLNC reduced cigarette consumption. There was no compensation. Quest 3 

suppressed craving and withdrawal in the same manner as Quest 1. 
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Figure VIII.D-71. CPD (From Donny et al. 2007 [pg299]) 
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Figure VIII.D-72. Subjectives (From Donny et al. 2007 [pg299]) 
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Figure VIII.D-73. Smoking urges (From Donny et al. 2007 [pg299]) 

 
ll. Estimations and predictors of non-compliance in switchers to reduced nicotine content 

cigarettes. 

This is a secondary analysis of the multi-site study conducted by Donny et al., (2015) 

[pg299]. Nardone et al., (2016) [pg302] were interested in non-compliance in their study. They 

measured smoking as determined by urine cotinine (COT) and total nicotine equivalents (TNE) 

and compared the results with self-reported consumption. Data from 242 subjects was used in 

the analysis. The primary outcome was biochemically verified non-compliance as indicated by 

COT/CPD and TNE/CPD ratios considering changes in nicotine levels in the VLNC cigarettes as well 

as the week-6 TNE.  

The COT/CPD and TNE/CPD ratios indicated 78% of the subjects had some level of non-

compliance. There was high concordance between the two ratios (98%). Absolute TNE values 

were also highly correlated with non-compliance. Non-compliance was self-reported by 39% of 

the subjects at week 6 (Figure VIII.D-74). 
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Conclusions: Biochemical assessment can detect non-compliance. Even though there was 

significant non-compliance in the studies, nicotine intake was reduced by an average 60%. 

Figure VIII.D-74. Compliance (From Nardone et al. 2016 [pg302]). 

 
li. Preliminary test of cigarette nicotine discrimination threshold in non-dependent versus 

dependent smokers. 

Perkins et al., (2017) [pg302] used Spectrum research cigarettes to compare non-

dependent with dependent smokers on the lowest content of nicotine they could discriminate 

(i.e., “threshold”). Dependent (n=21) or non-dependent (n=7) smokers were tested on ability to 

discriminate between cigarettes with nicotine contents of 17, 11, 5, 2, and 1 mg/g, one per 

session, from an “ultra-low” cigarette with 0.4 mg/g (all had 9–10 mg “tar”). All abstained from 

smoking overnight prior to sessions, and number of sessions was determined by the lowest 

nicotine content they could reliably discriminate from the ultra-low on >80% of trials (i.e., ≥5 of 
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6). Subjective perceptions and cigarette choice behavior were also assessed and related to 

discrimination behavior. 

Dependent smokers took larger puffs than non-dependent smokers. Discrimination 

thresholds did not differ between dependent and non-dependent smokers with a median 

nicotine content threshold of 11 mg for both groups. “Liking” (Figure VIII.D-75) and puff choice for 

threshold cigarettes (Figure VIII.D-76) were greater in dependent but not non-dependent smokers. 

Conclusion: Threshold for detection of nicotine level may not vary by dependence level. 

Figure VIII.D-75. Liking (From Perkins et al., 2017 [pg302]) 
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Figure VIII.D-76. Topography (From Perkins et al., 2017 [pg302]) 

 
llii. Effects of low nicotine content cigarettes on smoke intake. 

Rose and Behm (2004) [pg303] compared the effects of smoking Quest 3 to an ultra-light 

cigarette (Now). Sixteen subjects smoked either Now or Quest for 8-hours ad libitum after 

overnight abstinence.  Plasma samples were collected every hour for nicotine and cotinine 

analysis. Expired CO was also measured hourly, as was heart rate and blood pressure.  Smoking 

topography was measured 15 minutes before the end of the session. Subjective measures were 

also collected.  Smokers smoked more Now cigarettes than Quest (11.9 vs. 10.4). The smokers of 

Now (highly ventilated) compensated as indicated by the compensation index. Quest (low 

nicotine content) smokers did not compensate when compared to own brand. Puff volume was 

also increased (Figure VIII.D-77). Plasma nicotine levels were significantly higher in the Now 

cigarette group (Figure VIII.D-78). The highly ventilated cigarettes were liked more and were more 

satisfying. There was no difference in craving (Figure VIII.D-79). There was no statistically 

significant effect on heart rate or blood pressure. 
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Conclusions: There was no compensation with Quest. Nicotine intake was reduced. 

Figure VIII.D-77. CO and topography (From Rose and Behm, 2004 [pg303]) 

 
Figure VIII.D-78. Plasma nicotine (From Rose and Behm, 2004 [pg303]) 
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Figure VIII.D-79. Craving (From Rose and Behm, 2004 [pg303]) 

 
lliii. Age moderates smokers’ subjective response to very-low nicotine content cigarettes: 

Evidence from a randomized controlled trial. 

This is a secondary analysis of the Donny et al., multi-site study.  Cassidy et al., (2018, 

Nicotine & Tobacco Research) [pg298] investigated if age affected smoking behavior and 

subjective measures. The age categories were 18-24 and equal to or greater than 25. The results 

of cigarettes containing 0.4 to 2.4 mg nicotine were combined. Other groups were usual brand, 

15.8 mg nicotine and 5.2 mg nicotine. Only the low nicotine group will be discussed. The low 
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nicotine group was less rewarding, and less satisfying in the young vs. old group (Figure VIII.D-80). 

There was no age effect on total cigarettes per day, puff volume, or total nicotine equivalents 

after 6-weeks (Table VIII.D-55). 

Conclusion: There were reduced positive affects in young smokers.  

Figure VIII.D-80. Satisfaction (From Cassidy et al. 2018, Nicotine & Tobacco Research [pg298]) 

 
Table VIII.D-55. CPD ((From Cassidy et al. 2018, Nicotine & Tobacco Research [pg298]) 
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lliv. Sex differences in tobacco withdrawal and responses to smoking reduced-nicotine cigarettes 
in young smokers. 

Faulkner et al., (2018) [pg299] were interested if sex differences in response to using very 

low nicotine cigarettes existed in young smokers. Overnight abstinent young smokers (23 men, 

23 women, mean age 22.18) provided self-reports of craving, withdrawal, and affect before and 

after smoking SPECTRUM cigarettes with yields of 0.027, 0.110, 0.231, or 0.763 mg nicotine, and 

evaluated characteristics of each cigarette. 

 Men, but not women reported greater craving reduction, perceived nicotine content, and 

cigarette liking with increasing nicotine dose (Figure VIII.D-81). Women reported greater 

psychological withdrawal, greater sedation, and a trend toward greater craving than men during 

abstinence. Women also reported greater reductions in psychological withdrawal and sedation 

than men due to smoking, with no effect of nicotine dose. Men reported greater reductions in 

craving after smoking cigarettes delivering ≥ 0.231 mg nicotine than after smoking cigarettes 

delivering ≤ 0.231 mg nicotine. Cigarette liking, cigarette disliking, and perceived nicotine content 

in women and men is shown in Figure VIII.D-82. Liking (From Faulkner et al. 2018 [pg299]).. Women 

reported no effect of nicotine dose on all three cigarette ratings, whereas men reported greater 

liking, less disliking, and greater perceived nicotine content as the nicotine content of the 

cigarette increased.  

Conclusion: There appears to be a sex difference in response to very low nicotine 

cigarettes. 
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 Figure VIII.D-81. Craving (From Faulkner et al. 2018 [pg299]). 
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Figure VIII.D-82. Liking (From Faulkner et al. 2018 [pg299]).  

llv. Response to reduced nicotine content cigarette among smokers differing in tobacco 
dependence severity.  

Higgins et al., (2018) [pg301] investigated how the level of dependence affects the acute 

effects of smoking SPECTRUM® cigarettes. Participants (N=169) were daily smokers with mild, 

moderate, or high tobacco-dependence severity using the Heaviness of Smoking Index (HSI). 

Following brief abstinence, participants smoked research cigarettes varying in nicotine content 

(0.4, 2.4, 5.2, 15.8 mg nicotine/g tobacco) in a within-subject design. Participants completed 

fourteen 2–4 h sessions in a within-subjects design. Participants abstained from smoking for 6–8 

h prior to sessions. Sessions were organized into three phases. In Phase 1 (Sessions 1–5), 

participants sampled the research cigarettes under double-blind conditions with cigarettes 
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identified by arbitrary letter codes. Participants were oriented to the research protocol in Session 

1 using their usual-brand cigarette. In Sessions 2–5 participants smoked one research cigarette 

per session ad libitum using a topography device. After smoking the assigned cigarette each 

session, participants completed the Cigarette Purchase Task (CPT), a behavioral economic 

simulation task that has participants estimate the number of cigarettes they would anticipate 

smoking in a 24-hour period across a wide range of cigarette prices; those estimates are used to 

model (1) participant cigarette smoking rate when unconstrained by cost (Intensity), (2) maximal 

amount of money one is willing to spend on daily smoking (Omax), (3) the price at which smoking 

rate begins decreasing proportionate to increasing price (Pmax), (4) the price at which one would 

quit smoking rather than incur the cost (Breakpoint), and (5) overall sensitivity of demand to price 

(Alpha). Participants also completed the modified Cigarette Evaluation Questionnaire (mCEQ) 

once prior to and immediately after smoking, and the Minnesota Tobacco Withdrawal Scale 

(MTWS) and Questionnaire of Smoking Urges-brief scale (QSU-brief) administered prior to and 

every 15 min for 60 min after smoking. Phase 2 (Sessions 6–11) directly tested the relative 

reinforcing effects of the different dose cigarettes by allowing participants to choose which 

cigarette they preferred to smoke in two-choice concurrent test sessions. Each of the six possible 

cigarette dose-pair combinations was tested once in separate sessions. In these 3-hour sessions, 

a participant sat alone in a comfortable, ventilated room. When they wished to smoke, they used 

a computer mouse to click on one of two icons on a screen representing the two cigarettes 

available that session. After ten clicks on the icon they could take two puffs of the associated 

cigarette. Participants were free to choose either option as often as they wished or abstain. 

Lastly, Phase 3 (Sessions 12–14) used the same arrangement as Phase 2 but compared only the 
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0.4 and 15.8 g/mg doses. This phase assessed whether preference could be reliably shifted away 

from the high dose. Puffs from the low dose remained available by clicking that option 10 times 

while the number of clicks necessary to earn puffs from the highest dose started at 10 and 

increased each time it was chosen to 160, 320, 640, 1280, 2400, 3600, 4800, 6000, 7200, and 

8400 clicks. 

Dependence severity did not affect smoking topography (Table VIII.D-56). The effects of 

nicotine dose were in the direction of larger, more intense, and greater number of puffs as a 

function of increasing nicotine dose, opposite of what is expected with compensatory smoking. 

There were no main effects of dependence severity or interactions with nicotine dose in relative 

reinforcing effects in concurrent choice testing or subjective effects on the modified Cigarette 

Evaluation Questionnaire (Table VIII.D-57). Demand for smoking in the Cigarette Purchase Task 

was greater among more dependent smokers but reducing nicotine content decreased demand 

independent of dependence severity (Figure VIII.D-83). Dependence severity did not significantly 

alter response to reduced nicotine content cigarettes on the Minnesota Tobacco Withdrawal 

Scale nor Questionnaire of Smoking Urges-brief (QSU) Factor-2 scale; dependence severity and 

dose interacted significantly on the QSU-brief Factor-1 scale, with reductions dependent on dose 

among highly, but not mildly or moderately, dependent smokers 

Conclusion: Dependence severity has no effect on the effects of reduced nicotine content 

cigarettes to lower the addiction potential of smoking, and minimal effects on relief from 

craving/withdrawal or smoking topography. 
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Table VIII.D-56. Topography (From Higgins et al. 2018 [pg301]) 

 
Table VIII.D-57. Craving (From Higgins et al. 2018 [pg301]) 

 
Figure VIII.D-83. Cigarette purchase task (From Higgins et al. 2018 [pg301]). 

 

Section VIII.D Scientific Studies and Analyses - Clinical Studies 
22nd Century Group, Inc. 
MRTPA for VLN™ Cigarette Brand   



P a g e  227 | 304 

 

llvi. Cigarette nicotine content as a moderator of the relationship between negative effect and 
smoking (NCT01681875). 

Robinson et al., (2017) [pg303] investigated the effects of SPECTRUM® cigarettes and 

nicotine content on Negative Affect (NA) and smoking in this secondary analysis of the Donny et 

al., (2015) [pg299] multi-site study.  Seven hundred and seventeen participants, 237 in the normal 

nicotine content (NNC; 15.8 mg/g and usual brand) cigarette group and 480 in the very low 

nicotine content (VLNC; 2.4 mg/g nicotine or less) cigarette group, participated in a randomized 

trial that examined the effects of cigarette nicotine content on smoking behavior over 6 weeks. 

Usual brand was smoked for 2 weeks prior to the test cigarettes. Positive and negative affect 

were measured with the PANAS scale. Nicotine exposure was assessed by urinary cotinine and 

total nicotine equivalents. Latent growth curve modeling was used to estimate the relationship 

between changes in NA and changes in the numbers of cigarettes smoked per day, from baseline 

to 6 weeks, as a function of cigarette nicotine content. The results of smokers using VLNC 

cigarettes with less than 2.4 mg nicotine were combined.  

VLNC cigarette consumption was reduced (Table VIII.D-58). The relationship between NA 

and CPD reduced over time for the VLNC group but not for the NNC group. There was no 

significant relationship between Positive Affect and CPD over time for either cigarette group.  

Conclusion. Results suggest that VLNC cigarettes can disrupt the relationship between 

smoking and NA. 
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Table VIII.D-58. CPD (From Robinson et al. 2017 [pg303]). 

 
llvii. Effects of acute abstinence and nicotine administration on taste perception in cigarette 

smokers. 

Mullings (Mullings et al. 2010 [pg302]) investigated the effect of abstinence and nicotine 

levels on taste. Forty-eight male and female daily smokers attended a single testing session. Prior 

to testing, participants were randomized to either abstain from smoking for 12 hours or smoke 

as usual on the morning of testing. At the testing session, participants completed subjective 

ratings of mood and ratings of intensity and pleasantness of supra-threshold salt and sucrose 

solutions, followed by measurement of the threshold at which these solutions could be detected. 

Participants were then randomized to smoke either a nicotine-containing Quest 1 or 

denicotinized Quest 3 cigarette, after which they completed the same measures as previously.  

Following cigarette smoking, lower taste thresholds are obtained after smoking a 

denicotinized cigarette compared with a nicotinized cigarette, but among females only (Table 

VIII.D-59). This effect was not observed among males and did not differ as a function of abstinence 

condition. In addition, among non-abstinent smokers, females demonstrated higher taste 

thresholds (i.e. reduced sensitivity) for salt than males, but this sex difference was not observed 

among abstinent smokers. 

Conclusion: Use of a VLNC cigarette may affect taste thresholds, but only in women. 
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Table VIII.D-59. Taste thresholds (From Mullings et al. 2010 [pg302]). 

 

 

 

llviii. Threshold dose for discrimination of nicotine via cigarette smoking. 

Perkins et al., (2016) [pg302] investigated the ability of smokers to detect different levels 

of nicotine in SPECTRUM® cigarettes. Eighteen dependent smokers were tested on their ability 

to discriminate cigarettes with nicotine contents of 11, 5, 2.4, and 1.3 mg/g, one per session, 

from the “ultra-low” cigarette with 0.4 mg/g, after having learned to discriminated 16 mg/g from 

0.4 mg/. Exposure to each cigarette was limited to 4 puffs/trial. All subjects were abstinent from 

smoking overnight prior to each session, and the number of sessions was determined by the 

participant’s success in discrimination behavior on >80% of trials. Subjective perceptions and 

behavioral choice between cigarettes were also assessed and related to discrimination behavior. 

The median threshold for discrimination was 11 mg/g (range 2.4- 16). None of the 

subjects could discriminate between 0.4 mg and 1.3 mg nicotine.  

Conclusion: Subjects can tell the difference between normal cigarettes and 0.4 mg 

nicotine cigarettes but cannot tell the difference between 0.4 and 1.3 mg nicotine. 
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llix. Estimation of compliance with exclusive smoking of very low nicotine content cigarettes using 
plasma cotinine. 

Methods have been developed to use nicotine biomarkers to estimate compliance with 

use of very low nicotine content cigarettes (VLNCs). Foulds et al., (2018) [pg299] were interested 

in the impact of nicotine absorption from environmental tobacco smoke (ETS) among research 

participants on measures of compliance. This study used data from 100 randomly selected study 

completers in ongoing clinical trials of VLNCs (50 randomized to Usual Nicotine Content 

Cigarettes (UNCs) and 50 to SPECTRUM®) to assess the use of plasma cotinine to estimate 

compliance. Plasma cotinine and smoking behavior were recorded at baseline after 2 weeks 

smoking UNC cigarettes, and then after 18 weeks of either continuing smoking UNCs or reducing 

the nicotine content such that the last 6 weeks comprised smoking VLNC SPRECTRUM®. 

Plasma cotinine remained stable in the UNC group but reduced in the VLNC group (Figure 

VIII.D-84). Compliance with smoking VLNCs was first estimated by comparing the cotinine per 

cigarette on VLNCs with UNCs after allowing for potential compensatory smoking. The authors 

found that 29 (58%) of the VLNC group were compliant. Adjusting for potential ETS exposure they 

estimated 32 (64%) to be compliant.  

Conclusion: ETS can slightly impact apparent compliance calculations. 
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Figure VIII.D-84. BOE (From Foulds et al. 2018 [pg299]). 

 

 

 

llx. Addiction potential of cigarettes with reduced nicotine content in populations with 
psychiatric disorders and other vulnerabilities to tobacco addiction. 

Higgins et al., (2017, JAMA Psychiatry) [pg300] conducted a multisite, double-blind, 

within-participant assessment of acute response to SPECTRUM® cigarettes with nicotine content 

ranging from levels below a hypothesized addiction threshold (0.7 mg nicotine) to those 

representative of commercial cigarettes (0.4, 2.3, 5.2, and 15.8 mg/g of tobacco) at 3 academic 

sites including 169 daily smokers from 3 vulnerable populations: individuals with affective 

disorders (n = 56) or opioid dependence (n = 60) and socioeconomically disadvantaged women 

(n = 53). It was hypothesized that vulnerable populations are more addicted and would be less 

likely to quit. After a brief smoking abstinence, participants smoked cigarettes with varying 

nicotine doses across fourteen 2- to 4-hour outpatient sessions. Addiction potential of the 
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cigarettes was assessed using concurrent choice testing, the Cigarette Purchase Task (CPT), and 

measures of subjective effects. 

Among the 169 daily smokers included in the analysis (120 women and 49 men), reducing 

the nicotine content of cigarettes decreased the relative reinforcing effects of smoking in all 3 

populations. In concurrent choice testing with the cigarettes available at an equal response 

effort, participants chose those with higher compared with lower nicotine content across each 

of the 6 dose pairs, a finding consistent with cigarettes with reduced nicotine content having 

lower addiction potential. Across populations, the 0.4-mg/g dose was chosen significantly less 

than the 15.8-mg/g dose in concurrent choice testing and generated lower demand in the CPT 

(Figure VIII.D-85). Preference for higher over lower nicotine content cigarettes could be reversed 

by increasing the response cost necessary to obtain the higher dose (Figure VIII.D-86). All doses 

reduced Minnesota Nicotine Withdrawal Scale total scores, although duration of withdrawal 

symptoms was greater at higher doses (Table VIII.D-60). No significant changes were noted across 

doses in smoking topography or breath CO exposure levels indicative of compensatory smoking. 

The results suggest that participants may smoke the reduced nicotine content cigarettes less 

intensely. These effects were consistent across populations.  

Conclusion: Reducing the nicotine content of cigarettes reduces the relative reinforcing 

effects of smoking and thus addiction potential in populations with psychiatric conditions and 

other vulnerabilities to tobacco withdrawal. Reductions in reinforcing effects were achieved 

without causing untoward withdrawal, craving, or compensatory smoking. 
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Figure VIII.D-85. Concurrent choice testing (From Higgins et al., 2017, JAMA Psychiatry [pg300]) 

 
Figure VIII.D-86. Proportional choices (From Higgins et al., 2017, JAMA Psychiatry [pg300]) 
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Table VIII.D-60. Desire to smoke (From Higgins et al., 2017, JAMA Psychiatry [pg300]) 

 
llxi. The influence of nicotine dose and nicotine dose expectancy on the cognitive and subjective 

effects of cigarette smoking. 

This study by Juliano et al, (2011) [pg301] investigated the independent and interactive 

effects of nicotine dose and nicotine dose expectancy on smoking outcomes using a 2 (given 

nicotine vs. placebo) × 2 (told nicotine vs. placebo) balanced placebo design. Smokers (N = 148) 

completed the Rapid Visual Information Processing Task (RVIP) and measures of smoking urge, 

mood, and cigarette ratings (e.g., satisfying) after smoking a nicotine (Quest 1) or placebo 

cigarette (Quest 3) crossed with instructions that the cigarette contained either nicotine or no 

nicotine. Smoking topography was measured also.  

Smoking duration and number of puffs were reduced in the Quest 3 cigarettes (placebo) 

compared to Quest 1 cigarettes (nicotine). There was no effect on CO boost (Table VIII.D-61). There 

was a nicotine dose effect on urge to smoke with the placebo (Quest 3) partially suppressing the 
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urge. Dose expectancy altered the perception of the placebo on urge to smoke (Figure VIII.D-87). 

Quest 1 cigarettes (0.6 mg nicotine) produced better sustained attention performance than 

Quest 3 as indicated by RVIP reaction time, hits, and sensitivity (Aʹ) (Figure VIII.D-88). Quest 1 

cigarettes also produced better mood and greater rewarding subjective effects of the cigarettes 

on 11 of 11 dimensions compared to Quest 3 (data not shown). Nicotine instructions resulted in 

fewer RVIP false alarms, better mood, and greater rewarding subjective effects of the cigarettes 

on 9 of 11 dimensions compared to placebo instructions. Nicotine dose by nicotine dose 

expectancy interactions were also observed for urge and tension-anxiety, such that the dose 

expectancy manipulation produced differential effects only among those who smoked placebo 

cigarettes. In contrast a significant interaction for self-reported vigor-activity demonstrated that 

the dose expectancy manipulation produced effects only among those who smoked nicotine 

cigarettes.  

Conclusion: This study provides additional evidence that nicotine improves cognitive 

performance and provides initial evidence that denicotinized cigarettes smoked under the guise 

that they contain nicotine influence cognitive performance, albeit with less robust effects than 

nicotine. 
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Table VIII.D-61. Smoking exposure (From Juliano et al, 2011 [pg301]) 

 
Figure VIII.D-87. Smoking urge (From Juliano et al, 2011 [pg301]) 
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Figure VIII.D-88. Reaction time (From Juliano et al, 2011 [pg301]) 

 
llxii. Effect of Immediate vs Gradual Reduction in Nicotine Content of Cigarettes on Biomarkers of 

Smoke Exposure: A Randomized Clinical Trial. 

This study (Hatsukami et al. 2018 [pg300]) was a randomized, parallel, double-blind trial 

conducted at 10 sites throughout the United States. Participants (N = 1250) who had no desire 

to quit within the next 30 days were randomly assigned to 1 of 3 experimental conditions in a 

2:2:1 ratio: (1) immediate nicotine reduction, (2) gradual nicotine reduction, or (3) usual nicotine 

content control. Participants underwent a 2-week baseline period during which they smoked 

their usual brand cigarettes and then were assigned to their experimental condition for 20 weeks. 

While on study cigarettes (SPECTRUM® 0.4 mg nicotine/g tobacco), participants attended a 

weekly clinic visit for the first 4 weeks and then biweekly visits for the next 16 weeks. In the 
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gradual reduction group, levels of nicotine content were decreased every 4 weeks (weeks 4, 8, 

12, and 16). 

The primary end points related to different classes of smoke exposure included expired 

CO; urinary phenanthrene tetraol (PheT), an indicator of exposure to polycyclic aromatic 

hydrocarbons; and a urinary mercapturic acid, 3-HPMA, a metabolite of the volatile organic 

compound acrolein, which is a cardiopulmonary toxicant. Secondary end points included 

biomarkers of nicotine exposure, cotinine (not reported), and urinary total nicotine equivalents 

(TNE); mercapturic acid metabolites of acrylonitrile (CEMA), benzene (SPMA), propylene oxide 

(2-HPMA), and crotonaldehyde (HMPMA); and metabolites of a tobacco specific nitrosamine, 4-

(methylnitrosamino)-1-(3-pyridyl)-1- butanone (NNK; total NNAL). Effect biomarkers included 8-

epi PGF2 , prostaglandin E2 metabolite, white blood cell count, and C-reactive protein level (not 

reported). Other secondary end points included CPD, levels of cigarette dependence assessed by 

the Fagerstrom Test for Nicotine Dependence (FTND) and the Brief Wisconsin Inventory of 

Smoking Dependence Motives (WISDM). Only the immediate reduction group will be discussed 

since this represents the likely scenario for VLN™ products. 

This study was primarily focused on biomarkers of exposure. The biomarkers and 

cigarette per day data are shown in Table VIII.D-62. Study cigarettes per day were reduced by 

10.62. The pre-study cigarette consumption was 15.6 in the immediate group. CO, 3-HMPA and 

PheT were significantly reduced. Total nicotine equivalents and total NNAL were also reduced. 

Figure VIII. D-89. BOE (From Hatsukami et al. 2018 [pg300]) shows the time course for the 

development of the reductions.  Total nicotine equivalents and total NNAL were also reduced. 

Figure VIII.D-90. QSU (From shows the exposure biomarkers, Minnesota Nicotine Withdrawal Scale 
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(MNWS) and the Questionnaire on Smoking Urges (QSU) results. During week 1 withdrawal 

symptoms were more intense in the immediate group. Most relevant to smoking urges are the 

results of the QSU Factor 1 (strong desire and intention to smoke, with smoking perceived as 

pleasurable; scales range from 5-35). Scores were significantly lower, 9.00 vs. 14.2 at 20 weeks. 

At week 20, significantly lower Fagerström Test for Nicotine dependence scores were observed 

in the immediate group: 4.27 (low dependence) vs 5.48 (moderate dependence). 

Conclusions: VLNC cigarettes reduce CPD, biomarkers of exposure, cigarette dependency 

and urge to smoke after 20-weeks of use. 

Table VIII.D-62. BOE (From Hatsukami et al. 2018 [pg300]) (eSupplement). 
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Figure VIII. D-89. BOE (From Hatsukami et al. 2018 [pg300]) 
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Figure VIII.D-90. QSU (From Hatsukami et al. 2018 [pg300])  

 

llxiii. Preliminary Validity of the Modified Cigarette Evaluation Questionnaire in predicting the 
reinforcing effects of cigarettes that vary in nicotine content. 

This study (Arger et al. 2017 [pg297]) examined the relationship between subjective and 

behavioral measures across a range of nicotine doses. This was a secondary analysis of a double-

blind study (Higgins et al. 2018 [pg301]) evaluating the subjective and reinforcing effects of 

Spectrum cigarettes under acute smoking abstinence. Current smokers were recruited from 

three vulnerable smoking populations (economically disadvantaged women of reproductive age, 

opioid-maintained individuals, individuals with affective disorders). In Phase 1 (five sessions), the 

mCEQ (Satisfaction, Psychological Reward, Enjoyment of Respiratory Tract Sensations, Craving 
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Reduction, Aversion subscales) was administered following ad lib smoking of Spectrum cigarettes 

and subscale differences scores were calculated by subtracting ratings of the 15.8 mg/g cigarette 

from ratings of the reduced nicotine content cigarettes. In Phase 2 (six sessions), participants 

completed six 2-dose concurrent choice tests. The relationship between mCEQ subscale 

difference scores from Phase 1 and nicotine dose choice from Phase 2 was examined using mixed-

model repeated-measures analyses of variance. 

Figure VIII.D-91 shows the results of the analysis. Only higher satisfaction and lower 

aversion subscale difference scores were associated with choosing the 15.8 mg/g cigarette more 

than the 5.2, 2.4, and 0.4 mg/g cigarettes. Scores on the other mCEQ subscales were not 

associated with nicotine choice. These results provide support for validity of the mCEQ 

Satisfaction and Aversion subscales predicting the relative reinforcing effects and abuse liability 

of varying nicotine content cigarettes. 
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Figure VIII.D-91. (From Arger et al. 2017 [pg297])
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Figure VIII.D-92. QSU (From Higgins et al. 2018 [pg301]) 

 

llxiv. Reduced-nicotine cigarettes increase platelet activation in smokers in vivo: A dilemma in 
harm reduction. 

Cardiovascular disease due to cigarette smoking manifests itself in the form of venous 

thrombosis, stroke and myocardial infarction. Platelets play a major role in clot formation. 

Ramachandran et al., 2004 [pg303] found that cigarette smoke increases platelet activation and 

that the activation is inhibited by nicotine in vitro. In this study (Girdhar et al. 2008, Nicotine & 

Tobacco Research [pg300]) subjects smoked Quest 3 cigarettes and the platelet activation score 

was measured and compared to that of Quest 1 smokers. Plasma nicotine was measured in select 

smokers to make sure that the smokers were getting nicotine. 
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Figure VIII.D-93 shows that PAS increased 94% in the medium nicotine group compared to 

the Quest 1 group (zero nicotine) while nicotine was reduced in select individuals. The authors 

concluded th VIII.at reduced nicotine cigarettes may increase harm.  

Figure VIII.D-93. PAS (From Girdhar et al. 2008, Nicotine & Tobacco Research [pg300]) 
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llxv. Pharmacokinetic Profile of Spectrum Reduced Nicotine Cigarettes. 

Kamens et al. 2019 investigated the pharmacokinetic profile and subjective effects of Spectrum  

research cigarettes comparing them to usual brand. 12 daily smokers attended 4 sessions and had blood 

nicotine, exhaled carbon monoxide (CO) and subjective effects measured before and after smoking either 

a single cigarette of their preferred brand or high (10.9 mg/cig), medium (3.2 mg/cig) or very low (0.2 

mg/cig) nicotine content SPECTRUM research cigarettes, in a double-blind design with order counter-

balanced. The 0.2 mg/cig SPECTRUM (NRC 102) cigarette is the same as VLN™ Kings. This study evaluated 

different nicotine yield SPECTRUM cigarettes. Only the results from the 0.2 mg/cigarette products will be 

discussed as compared to usual brand. 

Results: The subjects (mean age: 29 years; range: 18-55 years) smoked an average of 13.9 cigarettes per 

day (range: 10-20) for 9.8 years (range: 1.5-40). The average score on the Fagerström Test for Nicotine 

Dependence was 4.6 ± 1.6 (Range 2 – 7).  Participants smoked the 0.2 mg/cigarette SPECTRUM cigarette 

(VLN™ King) significantly faster than their usual brand (3.8 vs. 2.7 minutes).  This difference in time to 

smoke the cigarette was not attributed to number of puffs (non-significant decrease from 14.9 for usual 

brand to 11.7), but the average puff duration was significantly longer (2.6 vs. 2.1 seconds). Plasma 

nicotine levels were reduced from 812 ng/ml (area under curve) to 46.2 ng/ml. This represents a 94% 

reduction in nicotine levels. Figure VIII.D-94 shows the plasma nicotine levels. The nicotine content of 

cigarette had no influence on CO parameters. There were no significant effects of cigarette type on 

baseline CO level, CO boost, or AUCCO.   

Figure VIII.D-94. Plasma Nicotine Levels; Low is VLN™ (from Kamens et al 2019) 
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The participants reported no difference in enjoyment of the cigarettes. The type of cigarette had 

no significant effect on satisfaction, reward, aversion, enjoyment of respiratory track sensations, or 

craving reduction subscales of the mCEQ. Withdrawal symptoms and smoking urges were suppressed by 

VLN™ but not to the extent produced by usual brand (Figure VIII.D-95). Negative affect was decreased 

but not to the extent caused by usual brand. There was no difference in positive affect. 

 
Figure VIII.D-95. Subjective Effects of Test Cigarettes; Low = VLN™ (From Kamens et al. 2019) 

 

 Implications: These are essentially the same results that were obtained in the Company’s non-

menthol abuse liability study (Altasciences 2018 [pg297]). In that study using 55 subjects, nicotine plasma 

levels were reduced 97%. There was no change in puff duration, but the number of puffs and smoking 

duration were reduced. Similar reductions in withdrawal symptoms and urges to smoke were observed.   

lxvi. Response to reduced Nicotine Content in Vulnerable Populations: Effect of Menthol Status 
(NCT02250534). 

Davis et al. (2019 [pg298]) investigated the potential effects of being a menthol smoker on 

response to reduced nicotine content cigarettes in smokers especially vulnerable to smoking. 169 smokers 
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(61 menthol and 108 non-menthol smokers) with comorbid mental illness, substance use disorder, or 

socioeconomic disadvantage completed a double-blind study assessing addiction potential, 

withdrawal/craving, and compensatory smoking across 4 research cigarettes varying in nicotine content 

from very low levels to commercial levels (0.4, 2.4, 5.2, 15.8(NNC) mg/g of tobacco). The 0.4 mg/g 

cigarette is VLN™ King. Only the effects of VLN™ cigarettes compared to the normal nicotine content 

cigarettes (NNC) will be discussed. 

Results: Menthol smokers made up 36% of the participants and were more likely to be non-white, have 

lower education, and female than the non-menthol smokers. There was no difference in cigarette 

consumption or level of dependence. There were no effects of menthol status on total puff volume, puff 

duration, interpuff interval or puff number. There was no effect of menthol status on change in breath 

CO. Withdrawal and craving were reduced by VLN™ but not to the extent of NNC. Menthol had no effect. 

The authors concluded that the benefits of VLN™ should extend to menthol smokers. 

Conclusions: These results are the same as those observed in the menthol (Altasciences 2018 [pg297]) 

and non-menthol (Altasciences 2019 [pg297]) abuse liability studies. There is no indication that menthol 

smokers will respond differently to VLN™ cigarettes than non-menthol smokers. 

lxvii. Evaluation of menthol per se on acute perceptions and behavioral choice of cigarettes differing in 
nicotine content.

Perkins et al. (Kenneth A. Perkins, et al. 2018 [pg302]) evaluated the acute responses to each of 

two menthol or non-menthol SPECTRUM research cigarettes, moderate (16–17 mg/g) versus very low (0.4 

mg/g) in nicotine contents following brief abstinence (overnight) in adult smokers preferring menthol 

(n=44) or non-menthol (n=29) brands. The 0.4 mg /g tobacco SPECTRUM cigarette is the VLN™ cigarette. 

The “moderate” and “very low” nicotine cigarettes were intermittently presented, one per trial in random 

order across 10 trials (five per cigarette), for rating of subjective perceptions of each cigarette (Acute 

Cigarette Perceptions; ACP). Participants were instructed that two different cigarettes would be evaluated 
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but kept blind as to the nicotine content of each one administered, both of which had no identifying labels 

on the paper and were thus identical in appearance. All trials consisted of four puffs (about one-third of 

a full cigarette), separated by 15 min, and so total exposure over the three-hour session was intentionally 

no more than that from ad lib smoking in the morning after overnight abstinence. After the four puffs in 

each of these 10 trials, participants completed the brief ACP measure on their subjective perceptions of 

that cigarette. 

Results: All perceptions and choices were greater for moderate vs very low nicotine, as expected, and the 

magnitude of difference in four of six perceptions was associated with subsequently greater choice of the 

moderate nicotine cigarette (Table VIII.D-63). Virtually no differences were found between menthol and 

non-menthol, as nearly all perceptions, cigarette choices, and the association between perceptions and 

choice were not moderated by menthol or the interaction of nicotine by menthol (Figure 

VIII.D-96. Acute Cigarette Perceptions (ACP) (From Perkins et al 2018 [pg302]).). These results indicate 

perceptions and reinforcement from cigarettes do not differ due to menthol when nicotine content and 

smoking topography are carefully controlled. 

Table VIII.D-63 Acute cigarette perceptions (From Perkins et al. 2018 [pg302]) 
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Figure VIII.D-96. Acute Cigarette Perceptions (ACP) (From Perkins et al 2018 [pg302]). 

 
 
Implication: Menthol had no effect on subject’s perceptions of VLN™ cigarettes. 
 
llxviii. The Impact of Nicotine Dose on the Reinforcing Value of Cigarettes in Adolescents. 

Cassidy et al. (2019 [pg298]) evaluated the effect of nicotine dose on a cigarette purchase task 

(CPT) in adolescent daily smokers (ages: 15-19). Subjects completed a CPT for their usual brand and for 

each dose of SPECTRUM cigarettes (15.8, 5.2, 1.3, 0.4 mg nicotine /g tobacco) during 4 laboratory sessions. 

The effect of nicotine dose on 5 demand indices were derived from the CPT. The o.4 mg SPECTRUM 

cigarette is the same as the VLN™ cigarette. Previous studies in adults have indicated that cigarette 

demand decreases with decreased nicotine content in adults (Donny et al. 2015 [pg299]) and also in 

several vulnerable adult populations (Higgins, et al. 2017 [pg300]). 

Results: In adolescents, there was a significantly higher demand for usual brand cigarettes than the 

research cigarettes (Figure VIII.D-97. Cigarette demand curve for various SPECTRUM cigarettes and usual 

brand vs. nicotine dose (From Cassidy et al. 2019 [pg298])).  
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Figure VIII.D-97. Cigarette demand curve for various SPECTRUM cigarettes and usual brand vs. nicotine dose (From 
Cassidy et al. 2019 [pg298]) 

 

Conclusion: These results are essentially the same as was observed with adults. This suggests that 

adolescents will respond similarly to the reduced levels of nicotine in VLN™ cigarettes. 

  

4. Adverse Events 

Availability of detailed adverse event information is limited for published reports. There 

have been no reports of serious adverse events attributed to VLN™ cigarettes. Based on the 

design of the cigarettes, it would be expected that the adverse event profile of VLN™ cigarettes 

would be the same as conventional or usual brand cigarettes.  

i. Evaluation of the Abuse Liability of Very Low Nicotine Cigarettes 

In an acute study (Altasciences 2018 [pg297]) designed to evaluate the abuse liability of 

VLN™ regular cigarettes, subjects used VLN™ (Product A), their usual brand (Product B) and 

nicotine gum (Product C) under controlled and ad labitum smoking conditions over 6 days. This 

was a randomized, two-part, 3-way crossover design to evaluate the abuse liability, PK, and 
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product use behavior associated in healthy adult male and female exclusive smokers.  Subjects 

participated in a standard Screening visit and one 7-day Confined Assessment Phase, which 

included a product trial session (Day -1), and two study parts (Part A and Part B).  Spontaneous 

AE reporting was continuous throughout the study, beginning with the time the subject gave 

informed consent; however, at regular intervals, AE checks were performed using a non-leading 

question. 

With respect to safety, all 3 products were well-tolerated. There were no deaths or SAEs 

in the study and the majority of AEs were mild in severity. One subject was discontinued due to 

a mild AE of nephrolithiasis that was not related to product use (onset prior to any product use). 

The overall incidence of AEs was similar for nicotine gum and own-brand cigarette (~31-32%) and 

lower for VLN™ cigarettes (15%). The majority of AEs following use of VLN™ cigarettes were 

considered unrelated to study product, while most AEs following use of own-brand cigarette and 

nicotine gum were considered related to study product. The only AE reported in more than 

one subject following use of VLN™ cigarettes was headache. The most common AEs following use 

of own brand cigarettes were headache and presyncope, followed by dizziness. The most 

common AE following nicotine gum administration was hiccups.  The majority of mean laboratory, 

vital signs, and ECG values were within normal ranges at all assessments and none of the subjects 

had clinically significant findings for laboratory, vital signs, or ECG assessments. Three subjects 

had clinically significant findings on physical examination that were associated with mild AEs, but 

none of the AEs were considered related to product use. 
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AAdverse Events 

Table VIII.D-64 summarizes the AEs. One subject was discontinued due to an AE of 

nephrolithiasis that began prior to the use of any of the study products; the subject was 

subsequently withdrawn from the study on Day 5 of Part B. The majority of AEs were mild in 

severity and the incidence of AEs was lower for VLN™ compared with the other 2 products. The 

majority of AEs following use of VLN™ cigarettes were considered unrelated to study product. The 

majority of AEs following use of own-brand cigarette and nicotine gum were considered related 

to study product.  

The most common individual AE (defined 2 or more subjects for any study product) 

following use of VLN™ cigarettes was headache. The most common AEs following use of 

own-brand cigarettes were headache and presyncope, followed by dizziness. The most common 

AE following nicotine gum administration was hiccups. All other AEs occurred in only 1 or 2 

subjects. 

The majority of mean laboratory, vital signs, and ECG values were within normal ranges at 

all assessments. In addition, no subjects had CS findings for laboratory, vital signs, or ECG 

assessments. Three subjects had CS findings on physical examination on Day 6 that were 

associated with mild AEs that were not considered to be related to product use. 

Serious Adverse Events 

There were no deaths or serious AEs. 

Discontinuations 

There were no AEs that led to discontinuation.  
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incidence of AEs overall (28.3%), followed by nicotine gum (19.7%) and VLN™ Menthol cigarette 

(18.3%). Overall, the only AEs reported in 2 or more subjects following use of the VLN™ Menthol 

cigarettes were those classified as nervous system disorders (11.7%), and musculoskeletal and 

connective tissue disorders (3.3%). The most common AEs with mentholated own-brand cigarette 

were nervous system disorders (20.0%), followed by gastrointestinal disorders and general 

disorders and catheter site conditions (6.7% for both).The most commonly observed AEs with 

nicotine gum were nervous system disorders (6.6%), followed by musculoskeletal and connective 

tissue disorders (4.9%) and general disorders and catheter site conditions (3.3%). 

AAdverse Events 

Table VIII.D-65 summarizes the AEs. The majority of AEs were mild in severity and no 

severe AEs were reported during the study. Most AEs were considered unrelated (unrelated or 

unlikely to be related) to product use. The overall incidence of AEs was highest for mentholated 

own-brand cigarette (28%) and comparable for the VLN™ Menthol cigarette and nicotine gum 

(~18 to 20%). For VLN™ Menthol cigarettes and nicotine gum, the incidence of AEs was similar in 

Part A and Part B, while for mentholated own-brand cigarette, the incidence of AEs was higher in 

Part B compared with Part A. 

The study products were relatively well tolerated; no subjects experienced SAEs or AEs 

leading to discontinuation. Mentholated own-brand cigarette was associated with the highest 

incidence of AEs overall (28.3%), followed by nicotine gum (19.7%) and VLN™ Menthol cigarette 

(18.3%). Overall, the only AEs reported in 2 or more subjects following use of the VLN™ 

mentholated cigarettes were those classified as nervous system disorders (11.7%), and 

musculoskeletal and connective tissue disorders (3.3%). 
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 The most common AEs with mentholated own-brand cigarette were nervous system 

disorders (20.0%), followed by gastrointestinal disorders and general disorders and catheter site 

conditions (6.7%). The most commonly observed AEs with nicotine gum were nervous system 

disorders (6.6%), followed by musculoskeletal and connective tissue disorders (4.9%) and general 

disorders and catheter site conditions (3.3%). 

The most common AE reported following use of VLN™ Menthol cigarette was headache 

(6 [10%] subjects) followed by pain in extremity (2 [3.3%] subjects); all other AEs occurred in only 

one (1.7%) subject. The most common AEs with Menthol own-brand cigarette were dizziness (6 

[10%] subjects), headache (4 [6.7%] subjects), presyncope (3 [5.0%] subjects), and nausea and 

vomiting (2 [3.3%] subjects each); all other AEs occurred in only one (1.7%) subject. For nicotine 

gum, the most common AEs were headache (4 [6.7%] subjects), followed by pain in extremity (2 

[3.3%] subjects); all other AEs occurred in only one (1.6%) subject. 

The majority of AEs were mild in severity. Two moderate AEs were reported following use 

of the VLN™ Menthol cigarette (2 subjects with headache). Three subjects experienced moderate 

AEs with mentholated own-brand cigarette (2 subjects with headache and one subject with 

syncope). One subject experienced a moderate AE of headache with nicotine gum. No subjects 

experienced severe or life-threatening AEs during the study. The majority of AEs following use of 

all products were considered unrelated to study product (unrelated or unlikely related). 

All mean laboratory, vital signs, and ECG values were within normal ranges at all 

assessments. In addition, no subjects had CS findings for laboratory, vital signs, or ECG 
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assessments. Four subjects had CS findings upon physical examination on Day 6 associated with 

mild AEs that were not considered to be related to product use. 

Serious Adverse Events 

There were no deaths or serious AEs. 

Discontinuations 

There were no AEs that led to discontinuation.  

Table VIII.D-65. Summary of AEs from VLN™ Menthol King abuse liability study (A = VLN™ Menthol; B = Usual Brand; C 
= Nicorette Gum). 

Parameter Study Product 
A (N=60) 

Study Product 
B (N=60) 

Study Product 
C (N=61) 

Overall 
(N=61) 

Adverse Events Reported [n] 62 

Subjects With At Least One AE 
[n(%)] [1] 

31 (50.8) 

Study Product Use-
Emergent Adverse 
Events (SPUEAEs) 
Reported [n] 

12 26 18 56 

Subjects With At Least One 
SPUEAE [n(%)] [1] 

11 (18.3) 17 
(28.3) 

12 (19.7) 28 (45.9) 

SPUEAEs Relationship [2] 
Unrelated [n(%)] 5 (41.7) 11 

(42.3) 
9 (50.0) 25 (44.6) 

Unlikely Related [n(%)] 4 (33.3) 2 (7.7) 3 (16.7) 9 (16.1) 
Possibly Related [n(%)] 1 (8.3) 6 (23.1) 3 (16.7) 10 (17.9) 
Probably Related [n(%)] 2 (16.7) 7 (26.9) 3 (16.7) 12 (21.4) 

SPUEAEs Severity/Intensity [2] 
Mild [n(%)] 10 (83.3) 23 

(88.5) 
17 (94.4) 50 (89.3) 

Moderate [n(%)] 2 (16.7) 3 (11.5) 1 (5.6) 6 (10.7) 
Severe [n(%)] 0 0 0 0 

Study Product Use-
Emergent Serious 
Adverse Events 
(SPUESAEs) Reported 
[n] [2] 

0 0 0 0 

Subjects With At Least One 
SPUESAE [n(%)][1] 

0 0 0 0 

SPUEAEs Leading To Study 
Discontinuation Reported [n] 
[2] 

0 0 0 0 

SPUEAEs Leading To Death 
Reported [n] [2] 

0 0 0 0 

 

Section VIII.D Scientific Studies and Analyses - Clinical Studies 
22nd Century Group, Inc. 
MRTPA for VLN™ Cigarette Brand   



P a g e  258 | 304 

 

iii. Effect of Immediate vs Gradual Reduction in Nicotine Content of Cigarettes on Biomarkers of 
Smoke Exposure: A Randomized Clinical Trial 

This study (Hatsukami et al. 2018 [pg300])  was a randomized, parallel, double-blind trial 

conducted at 10 sites throughout the United States. Participants (N = 1,250) who had no desire 

to quit within the next 30 days were randomly assigned to 1 of 3 experimental conditions in a 

2:2:1 ratio: (1) immediate nicotine reduction, (2) gradual nicotine reduction, or (3) usual nicotine 

content control. Participants underwent a 2-week baseline period during which they smoked 

their usual brand cigarettes and then were assigned to their experimental condition for 20 weeks. 

While on study cigarettes (SPECTRUM® 0.4 mg nicotine/g tobacco), participants attended a 

weekly clinic visit for the first 4 weeks and then biweekly visits for the next 16 weeks. In the 

gradual reduction group, levels of nicotine content were decreased every 4 weeks (weeks 4, 8, 

12, and 16). Adverse event data may be found in the Esupplement on the journal website 

(Hatsukami et al 2018 eSupplement [pg300]). 

Adverse Events 

Significantly greater numbers of adverse events were observed in the immediate versus 

gradual nicotine reduction and control groups and between gradual versus control group. The 

differences between the immediate compared to the other two groups occurred during the first 

week, but not thereafter (Figure VIII.D-98). No differences were observed across groups for out of 

range blood pressure, heart rate or CO levels (Table VIII.D-66). These results would indicate that 

more self-reported adverse events would likely be experienced with immediate reduction, but 

many of these events might be associated with withdrawal from nicotine (Figure VIII.D-99). Other 

safety concerns were not evident. The number of adverse events by system are shown in Table 

VIII.D-67. The number one symptom was cough. The number of participants with adverse events 
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is shown in Table VIII.D-68. Seventeen per cent of the immediate group (88/503) reported cough 

as compared to 11 percent in the control (28/249). 

Serious Adverse Events 

There was a total of 22/503 (4.3%) serious adverse events in the immediate group 

compared to 14/249 (5.6%) in the control (Table VIII.D-69). Table VIII.D-70 lists the serious adverse 

events. Table VIII.D-71 lists the non-serious and related adverse events. 

Discontinuations 

Table VIII.D-72 lists the participants withdrawn after randomization due to a non-serious 

adverse event. 

 

Figure VIII.D-98. Count of adverse events reported by week (From Hatsukami et al 2018 eSupplement [pg300]) 
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Figure VIII.D-99.  Top 20 adverse events reported at week 1 (From Hatsukami et al 2018 eSupplement [pg300]) 
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Table VIII.D-66. Adverse event counts (From Hatsukami et al 2018 eSupplement [pg300]) 
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Table VIII.D-67. Number of adverse events (From Hatsukami et al 2018 eSupplement [pg300]) 
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Table VIII.D-68. Number of participants with adverse events From Hatsukami et al 2018 eSupplement [pg300]) 
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Table VIII.D-69. Count of serious and severe adverse events (From Hatsukami et al 2018 eSupplement [pg300]) 
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Table VIII.D-70. Serious adverse events: related, possibly related and unknown (From Hatsukami et al 2018 
eSupplement [pg300]) 
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Table VIII.D-71. Non-serious severe and related adverse events (From Hatsukami et al 2018 eSupplement [pg300]) 
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Table VIII.D-72. Participants withdrawn due to non-serious adverse events (From Hatsukami et al 2018 eSupplement 
[pg300]) 
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iv. Reduced Nicotine Standards for Cigarettes: A Randomized Trial  

Donny et al., (2015) [pg299] conducted a double-blind, parallel, randomized clinical trial 

at 10 sites enrolling 840 subjects. Subjects were randomly assigned to smoke either their usual 

brand of cigarettes or one of six types SPECTRUM cigarettes, provided free, for 6 weeks. The 

investigational cigarettes had nicotine content ranging from 0.4 mg per gram of tobacco to 15.8 

mg per gram (typical of commercial brands). The primary outcome was the number of cigarettes 

smoked per day during week 6. Subjective measures of dependence, withdrawal, and smoking 

urges were collected. Biomarkers of exposure and were measured in urine at 2- and 6-weeks. 

Topography was also measured at 2- and 6-weeks. Abstinence (no smoking for ≥ 18 hours) was 

measured after 6 weeks of product use. Adverse event data may be found in the supplement 

available on the journal website. 

Adverse Events 

The number of adverse events and the number of participants with an adverse event are 

shown in Table VIII.D-73 and Table VIII.D-74, respectively. No significant differences between the 

groups were found in the total number of related or possibly related events (p=0.37). Participant 

ratings of overall health and symptoms specific to respiratory health (cough, phlegm production, 

shortness of breath, and irritation in throat and lungs) were not significantly related to condition.  

Serious Adverse Events 

None of the serious events were judged to be related or possibly related (Table VIII.D-75).  
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Discontinuations 

Table VIII.D-76 lists the Serious Events, Severe Events and Withdrawals. One subject in the 

0.4 mg/g group was withdrawn from the study after hospitalization for suicidal ideation. The 

investigator concluded that this event was remotely (unlikely) related. 
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Table VIII.D-73. Number of adverse events (From Donny et al. 2015 [pg299]). 
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Table VIII.D-74. Number of participants with an adverse event (From Donny et al. 2015 [pg299]) 
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Table VIII.D-75. Count of serious and severe adverse events (From Donny et al. 2015 [pg299]) 

 
Table VIII.D-76. Description of serious events, severe events and withdrawals (From Donny et al. 2015 [pg299]) 
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v. A Prospective, Double-blind, Randomized, Active Controlled, Parallel Group, Multicenter 
Phase II Clinical Trial to Evaluate the Effectiveness of Quest Alone and in Combination with Nicotine 
Replacement Therapy as a Smoking Cessation Aid (IND 69185 [pg304]) 

Results of this study were published by Becker, et al., (2008) [pg297]. The IND report was 

filed by Vector Tobacco (Vector Tobacco Inc. 2006 [pg304]). This study was a randomized, double-

blind, active controlled, parallel group, multi-center phase II clinical trial to evaluate the efficacy 

of reduced-nicotine cigarettes as a novel smoking cessation treatment under IND 69,185. 

Treatment consisted of 6 weeks of smoking a series of cigarettes with progressively lower 

nicotine content (Quest 1, Quest 2, and Quest 3, with smoking yields of 0.6, 0.3 and ≤0.05 mg 

nicotine/cigarette), either in combination with nicotine patch therapy (NRT) or placebo patches.  

Three hundred forty-six smokers of non-menthol cigarettes who were motivated to quit were 

randomized to one of 3 treatments:   

Group 1:  Quest plus NRT patch,  
Group 2:  Quest plus placebo patch, or   
Group 3: active control (conventional cigarette) plus NRT patch.   

  
The primary endpoint was 4 weeks of continuous abstinence (Weeks 7 to 10), with follow-

up at 3 and 6 months. 

Adverse Events 

The proportion of treatment-emergent adverse events was 61.2% in Group 1, 52.6% in 

Group 2, and 60.5% in Group 3 (Table VIII.D-77).  

Serious Adverse Events 

Serious AEs were reported for two subjects in Group 1 and for one subject in Group 3 

(Table VIII.D-79). None of the SAEs were considered treatment related. The proportion of subjects 

reporting at least one treatment-related AE was 44% in Group 1, 27.6% in Group 2, and 36.8% in 
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Group 3 (Table VIII.D-77). The most common treatment-related AE consisted of psychiatric 

disorders (most frequently specified as insomnia, abnormal dreams, irritability, and anxiety), 

nervous system disorders, and general disorders and administration site problems. Headache 

was the most predominantly reported nervous system disorder. Application site problems were 

related to the NRT/placebo patch application included pruritis, dermatitis, discomfort, irritation, 

discoloration, and erythema (Table VIII.D-80). 

Table VIII.D-77. Summary of adverse effects. (From Vector 2006, IND 69,185 [pg304]) (Columns are group 1, 2, and 3, 
respectively.) 
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Table VIII.D-78. Individual subjects who experienced adverse events leading to study termination (From Vector 2006, 
IND 69,185 [pg304]) (Columns are group 1, 2, and 3, respectively.) 
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Table VIII.D-79. Summary of serious adverse events by system organ. (From Vector 2006, IND 69,185 [pg304])) 
(Columns are group 1, 2, and 3, respectively.) 
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Table VIII.D-80. Summary of adverse events leading to discontinuation (From Vector 2006, IND 69,185 [pg304]) 
(Columns are group 1, 2, and 3, respectively.) 
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Discontinuation 

Table VIII.D-78 shows subjects who experienced adverse events leading to study 

termination. Table VIII.D-80 summarizes the results of AEs leading to discontinuation.  

vi. A Prospective, Double-Blind, Randomized, Active Controlled, Parallel Group, Multicenter 
Phase II Clinical Trial to Evaluate the Effectiveness of X-22 as a Smoking Cessation Aid (IND 103589 
[pg297]) 

This study was designed to investigate the potential efficacy of X-22 cigarettes as a 

cessation aid. Subjects smoked a control cigarette or X-22 VLN™ tobacco cigarettes prior to their 

quit date. This study was not published. Data for the adverse events was taken from the 2012 

Annual Report (22nd Century Group 2012 [pg297]).  

Adverse Events  

A summary of AEs by body system is presented in Table VIII.D-81. Adverse Events in Study 

X-22 by System Organ Class and Preferred Term (From IND 103589 [pg297]) A total of 114 subjects 

experienced an AE during this study (58 in the X-22 group and 56 in the control group). The most 

frequently reported adverse events were in the body systems of infections and infestations (62 

events; 31 in the X-22 group and 31 in the control group), respiratory, thoracic and mediastinal 

disorders (26 events; 11 in the X-22 group and 15 in the control group), gastrointestinal disorders 

(22 events; 11 in the X-22 group and 11 in the control group), and nervous system disorders (20 

events: 11 in the X-22 group and 9 in the control group). Overall, AEs were reported at similar 

frequencies in the X-22 and control groups across body systems. 
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Table VIII.D-81. Adverse Events in Study X-22 by System Organ Class and Preferred Term (From IND 103589 [pg297]) 
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Serious Adverse Events 

A summary of SAEs reported during Study X-22 is presented in Table VIII.D-82 and a 

description of each SAE is provided below. Five of the AEs in the X-22 group and 1 in the control 

group were SAEs. 

Subject 1049 (obstructive abdominal hernia) 
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Subject 1049, a 47-year-old Caucasian female, was enrolled in the study and randomized 

to the X-22 group. She began smoking the double-blind study cigarettes on 08 Aug 2011 and 

stopped on 26 Sep 2011. The patient had a medical history of previous hernia repair. On  

 the patient developed severe abdominal pain while exercising and went to an emergency 

room later that day. The patient was admitted to the hospital and hernia repair surgery was 

completed on . She was released on 14 Oct 2011. The investigator determined that 

the event was serious, severe, and not related to the investigational product. The outcome of the 

event was reported as resolved on 13 Oct 2011.  

Subject 1073 (traumatic coma) 

Subject 1073, a 37-year-old black female, was enrolled in the study and randomized to 

the X-22 group. She began smoking the double-blind study cigarettes on 15 Sep 2011. On 22 Sep 

2011, the site was notified by the subject’s daughter that the subject had been in a motor vehicle 

accident on , was hospitalized in an intensive care unit, had a brain injury, and was 

in a coma. No further information was available. The investigator determined that the event was 

serious, severe, and not related to the investigational product. The outcome of the event was 

reported as ongoing at the conclusion of the study.  

Subject 1083 (uterine leiomyoma) 

Subject 1083, a 33-year-old Caucasian female, was enrolled in the study and randomized 

to the X-22 group. She began smoking the double-blind study cigarettes on 14 Sep 2011. The 

patient had an active history of dysmenorrhea at screening. On 22 Dec 2011, the study site was 
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notified that the subject had uterine fibroid tumors and had elected to have a hysterectomy, 

requiring hospitalization. The start date of the event was reported as . The 

investigator determined that the event was serious, severe, and not related to the investigational 

product. The outcome of the event was reported as resolved on 18 Dec 2011. 

Subject 2009 (alcoholism) 

Subject 2009, a 55-year-old Caucasian male, was enrolled in the study and randomized to 

the X-22 group. He began smoking the double-blind study cigarettes on 09 Aug 2011. The subject 

had a history of alcoholism from 1996 to 23 Aug 2010. On 20 Sep 2011, the subject notified the 

study site that he had admitted himself to  for alcohol detox on . 

He started drinking again on 04Sep 2011. When he realized “what road he was traveling down” 

he decided to admit himself for detox. The start date of the event was reported as 04 Sep 2011. 

The investigator determined that the event was serious, severe, and not related to the 

investigational product. The outcome of the event was reported as resolved on 21 Sep 2011.  

Subject 2061 (head injury) 

Subject 2061, a 33-year-old Caucasian female, was enrolled in the study and randomized 

to the X-22 group. She began smoking the double-blind study cigarettes on 14 Sep 2011 and 

stopped on 05 Oct 2011. On 13 Oct 2011, the study site was notified that the subject had been a 

passenger in a motor vehicle accident on . She was admitted to a hospital on that 

date for severe head trauma and seizures. She was released on 12 Oct 2011. The investigator 
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determined that the event was serious, severe, and not related to the investigational product. 

The outcome of the event was reported as not resolved on 12 Oct 2011.  

Subject 3022 (sepsis) 

Subject 3022, a 42-year-old Caucasian Hispanic male, was enrolled in the study and 

randomized to the control group. He began smoking the double-blind study cigarettes on 14 Sep 

2011. The study site received a telephone call from the subject’s partner reporting that the 

subject had complained of bilateral leg numbness and was taken to the emergency room, where 

he died soon after. A follow-up report identified the cause of death as sepsis most likely 

secondary to pancreatitis. Diagnoses prior to death included paraplegia secondary to large 

intrathecal hematoma, subarachnoid hemorrhage (stable), hypertension (stable), substance 

abuse (specifically methamphetamine), chest pain (myocardial infarction ruled out), acute 

pancreatitis, and sepsis most likely due to acute pancreatitis. Subarachnoid hemorrhage also 

occurred during the hospitalization and may have contributed to the cause of death. The date of 

hospital admission was not provided. On 06 Oct 2011, the subject chose to receive comfort care 

only and ongoing antibiotic therapy was discontinued. He expired on the evening of 07 Oct 2011 

(Study Day 23). The investigator determined that the event was serious, severe, and not related 

to the investigational product. The outcome of the event was reported as fatal on 07 Oct 2011. 
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Table VIII.D-82. Summary of serious adverse events in study X-22-201 (From IND 103589 [pg297]) 

Deaths 

 

One subject died of sepsis during this study. The investigator determined that the event 

was not related to the active control cigarette.  

Discontinuations Due to Adverse Events 

A total of 5 subjects discontinued the use of investigational product during Study X-22-

201 due to an AE. A list of these subjects is provided below: 

Subject Number   Treatment Group  Adverse Event 

1047    X-22    Laryngitis 

1073    X-22    Traumatic coma 

2061    X-22    Head injury 

2009    X-22    Alcoholism 

3022    Control   Sepsis 
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5. Ongoing Studies 

Table VIII.D-83 list the ongoing studies with VLN™. It is anticipated that the studies will be 

submitted at the end of the first quarter in 2019. Clinicaltrials.gov lists the following studies as 

underway with VLNC cigarettes: 

i. Facilitating Smoking Cessation With Reduced Nicotine Cigarettes 

ClinicalTrials.gov Identifier:  NCT02796391 
Sponsor:  H. Lee Moffitt Cancer Center and Research Institute 
Collaborator:  James and Esther King Biomedical Research Program 

ii. Novel Approaches to Reducing Tobacco Related Harm 

ClinicalTrials.gov Identifier:  NCT02600273 
Sponsor:  Duke University 
Collaborator:  National Institute of Allergy and Infectious Diseases (NIAID) 

iii. Abuse Liability of Reduced Nicotine Content Cigarettes in the Context of Concurrent E-
Cigarette Use 

ClinicalTrials.gov Identifier:  NCT02870218 
Sponsor:  Rose Research Center, LLC 
Collaborators:  National Institutes of Health (NIH) and Food and Drug Administration (FDA) 

iv. Effects of Nicotine Reduction on Smoking Behavior in ADHD Smokers 

ClinicalTrials.gov Identifier:  NCT02599571 
Sponsor:  Duke University 
Collaborators:  Eunice Kennedy Shriver National Institute of Child Health and Human 
Development (NICHD), Food and Drug Administration (FDA), and University of Pittsburgh 

v. Evaluation of Very Low Nicotine Content Cigarettes in Adolescent Smokers 

ClinicalTrials.gov Identifier:  NCT02587312 
Sponsor:  Brown University 
Collaborator:  National Cancer Institute (NCI) 
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vi. Manipulating Tobacco Constituents in Female Menthol Smokers 

ClinicalTrials.gov Identifier:  NCT02048852 
Sponsor:  University of Connecticut Health Center 
Collaborator:  National Institute on Drug Abuse (NIDA) 

vii.  Manipulating Tobacco Constituents in Male Menthol Smokers 

ClinicalTrials.gov Identifier:  NCT02592772 
Sponsor:  University of Connecticut Health Center 
Collaborator:  National Institute on Drug Abuse (NIDA) 

viii. Project 1, Study 2: Extended Exposure to Low Nicotine Content Cigarettes in Childbearing 
Age WWomen 

ClinicalTrials.gov Identifier:  NCT02250534 
Sponsor:  University of Vermont 
Collaborators:  National Institute on Drug Abuse (NIDA) and Johns Hopkins University 

ix. Project 1, Study 2: The Combined Impact of Nicotine Replacement and Spectrum Cigarettes 

ClinicalTrials.gov Identifier:  NCT02301325 
Sponsor:  University of Pittsburgh 

x. Project 2, Study 2: Extended Exposure to Low Nicotine Content Cigarettes in Opioid Abusers 

ClinicalTrials.gov Identifier:  NCT02250664 
Sponsor:  University of Vermont 
Collaborators:  National Institute on Drug Abuse (NIDA) and Johns Hopkins University 

xi. Project 3, Study 2: Extended Exposure to Low Nicotine Content Cigarettes in People With 
Current Affective Disorders 

ClinicalTrials.gov Identifier:  NCT02232737 
Sponsor:  Brown University 
Collaborator:  University of Vermont 

xii. Reduced Nicotine Content Cigarettes in Smokers of Lower Socioeconomic Status 

ClinicalTrials.gov Identifier:  NCT01928719 
Sponsor:  Milton S. Hershey Medical Center 
Collaborator:  George Washington University 
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xxiii. Reduced Nicotine Cigarettes in Smokers With Mood and Anxiety Disorders 

ClinicalTrials.gov Identifier:  NCT01928758 
Sponsor:  Milton S. Hershey Medical Center 
Collaborator:  National Institute on Drug Abuse (NIDA) 

xiv. Strengthening Instrumental Extinction to Prevent Smoking Relapse (VLNCCue) 

ClinicalTrials.gov Identifier:  NCT02538042 
Sponsor:  Francis McClernon 
Collaborators:  National Institutes of Health (NIH) and National Institute on Drug Abuse (NIDA) 

xv. Switching to Reduced Oxidant or Nicotine Content Cigarettes in Smokers 

ClinicalTrials.gov Identifier:  NCT02415270 
Sponsor:  Milton S. Hershey Medical Center 
Collaborators:  Food and Drug Administration (FDA), National Institutes of Health (NIH), and 
National Institute on Drug Abuse (NIDA) 

xvi. Very-Low Nicotine Cigarettes and Non-Daily Smokers 

ClinicalTrials.gov Identifier:  NCT02228824 
Sponsor:  University of Pittsburgh 
Collaborator:  National Cancer Institute (NCI) 

xvii. Very Low Nicotine Cigarettes in Smokers With Schizophrenia 

ClinicalTrials.gov Identifier:  NCT02019459 
Sponsor:  Brown University 
Collaborators:  National Institute on Drug Abuse (NIDA) and University of Pittsburgh 

xviii. Very Low-Nicotine Cigarettes in Smokers With SUD 

ClinicalTrials.gov Identifier:  NCT01989507 
Sponsor/Collaborator:  Brown University 

xix. Neuroimaging Reward, Behavioral Treatment, and Smoking Cessation 

ClinicalTrials.gov Identifier:  NCT02927847 
Sponsor:  Maggie M. Sweitzer, PhD 
Collaborator:  National Institute on Drug Abuse (NIDA) 
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xxx. Abuse Liability of Reduced Nicotine Content Cigarettes Within a Complex Tobacco 
Marketplace:  Experiment 1 

ClinicalTrials.gov Identifier:  NCT02951143 
Sponsor:  Virginia Polytechnic Institute and State University 

xxi. Concomitant Use of Very Low Nicotine Content Cigarettes and e-Cigarettes 

ClinicalTrials.gov Identifier:  NCT02964182 
Sponsor:  M.D. Anderson Cancer Center 
Collaborator:  National Institute on Drug Abuse (NIDA) 

xxii. Reactions to Reduced Nicotine Cigarettes in Young Adult Low-Frequency Smokers (NicRed) 

ClinicalTrials.gov Identifier:  NCT02989038 
Sponsor:  Duke University 
Collaborator:  National Institute on Drug Abuse (NIDA) 

xxiii. Reduced Nicotine Cigarettes in Smokers With and Without Alcohol Use Disorder (RedNic) 

ClinicalTrials.gov Identifier:  NCT02990455 
Sponsor:  Battelle Memorial Institute 

xxiv. Switching to Very Low Nicotine Content Cigarettes vs Reducing Cigarettes Per Day 

ClinicalTrials.gov Identifier:  NCT03060083 
Sponsor:  University of Vermont 

Table VIII.D-83. Status of ongoing studies with VLN™. 

Study Status 
Evaluation of the Abuse Liability of Very Low Nicotine 
Mentholated Cigarettes  

Enrollment complete; Analysis under; 
Submission 1Q2019 

A Longitudinal Ambulatory Study to Assess Changes in 
Cigarettes Consumption Behavior and Biomarkers of 
Exposure during a 6-Week switch to Very Low Nicotine  

Enrollment complete; Analysis under; 
Submission 1Q2019 
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