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Application for Review of Human Research      Section II      IRB Protocol Summary [Version 1, 7/2/12] 1 
 2 
Principal Investigator: Andrew A. Strasser, Ph.D. 3 
 4 
PROTOCOL TITLE 5 
1.  Full Title 6 
Nicotine metabolism and low nicotine cigarettes 7 
 8 
2.  Brief Title 9 
NMR low nicotine cigarettes 10 
 11 
STUDY SPONSORSHIP 12 
1.  Funding Sponsor 13 
National Institutes of Health, National Institute of Drug Abuse 14 
 15 
PROTOCOL ABSTRACT 16 

This study examines the effects of smoking low nicotine cigarettes on smoking behaviors and toxin 17 

exposure in fast and slow nicotine metabolizing smokers. We will recruit 100 current smokers (50 slow, 18 

50 rapid nicotine metabolizing smokers) for a 35-day protocol. Participants must be 21 to 65 years old, 19 

smoking at least 10 cigarettes daily and have been smoking for at least 5 years. Participants will smoke 20 

their own brand cigarettes during a baseline 5 day period, followed by a 15-day period of smoking low 21 

nicotine content cigarette level 1: 0.25 mg nicotine content, followed by a 15-day period of smoking low 22 

nicotine content cigarette level 2: 0.08 mg nicotine content. 23 

 24 
OBJECTIVES 25 
1.  Overall Objectives 26 
This application is designed to provide empirical science to inform the FDA on the effect smoking low 27 
nicotine content cigarettes will have on use patterns and harm exposure.  The study is designed to ask two 28 
important questions: 29 
1) Will individuals smoke LNC cigarettes more intensely or smoke more each day, thereby maintaining their 30 
desired nicotine levels, and as a result continue to be exposed to significant toxin levels? 31 
2) Are there subgroups of smokers more vulnerable to these adaptive smoking behaviors with LNCs and 32 
resulting associated risks? 33 
 34 
2.  Primary Outcome Variable(s)  35 

1) Smoking topography (total puff volume) 36 

2) Daily cigarette consumption 37 

3) Toxin exposures (NNK, mercapturic acid metabolites, total nicotine equivalents) 38 

 39 
2.  Secondary Outcome Variable(s)  40 

1. Carbon monoxide measurements taken before and after cigarettes smoked at each visit 41 
 42 
2.  To identify sub-groups of the smoking population who may exhibit greater compensatory smoking and/or 43 
carcinogen exposure 44 
 45 
BACKGROUND 46 
1. Family Smoking Prevention and Control Act 47 
The Family Smoking Prevention and Control Act of 2009 gave the United States Food and Drug 48 
Administration (FDA) authority to regulate tobacco products, including cigarettes, roll your own tobacco and 49 
smokeless tobacco products. FDA’s regulatory authority encompasses defining standards for nicotine 50 
yields and the reduction or elimination of other harmful substances present in tobacco products, when 51 
deemed to be in the interest of the public’s health (see Sec. 907, Tobacco Product Standards). While many 52 
studies are underway to determine the effects of varying nicotine yields on smoking behavior and toxins, 53 
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studies performed at a population level may not identify significant harms that exist in subgroups of 54 
smokers. The proposed research will fill this gap by determining how risk varies in smokers with slow 55 
versus fast nicotine metabolism, a heritable trait known to alter smoking behaviors and resulting toxin 56 
exposure. 57 
 58 
2. New Low Nicotine Content (LNC) Cigarettes 59 
The latest regulatory efforts by the FDA include trying to identify nicotine content levels in cigarettes that will 60 
reduce addiction and improve the public’s health. This goal has led to production of research cigarettes with 61 
varying nicotine and tar content (new low nicotine content, LNC). We propose in this application to apply 62 
our research expertise of traditional low nicotine yield (light) cigarettes [1, 14], and Quest LNC cigarettes [2, 63 
3], to examine smoking behaviors and toxin exposures when smoking these new low nicotine content 64 
cigarettes. An innovative and important aspect of this proposal is a focus on understanding how heritable 65 
individual differences in the rate of nicotine metabolism can influence the use of these, and resulting 66 
harmful exposures, of this new product. 67 
 68 
3. The role of variable nicotine metabolism 69 
Nicotine is converted to cotinine, and cotinine is converted to 3’hydroxycotinine, and both of these 70 
processes are influenced primarily by the CYP2A6 enzyme [20-22]. Our collaboration on this project, Dr. 71 
Tyndale’s laboratory (UToronto), has characterized a number of null and reduced activity CYP2A6 gene 72 
alleles that alter nicotine metabolism rate in vivo [23, 24] as well as ethnic variability in CYP2A6 allele 73 
frequencies [25-27]. Faster metabolizers of nicotine, those with two fully functional alleles, smoke more 74 
cigarettes per day [28], puff more vigorously on their cigarettes [6], are more dependent [29, 30], and have 75 
higher rates of lung cancer [30]. However, given that CYP2A6 alleles account for only part of the inherited 76 
variability in nicotine metabolism [22]) and that there are environmental influences on nicotine metabolism 77 
[31], we utilize a genetically informed biomarker of nicotine metabolism, which accounts for genetic and 78 
environmental influences on nicotine metabolism [11]. 79 
 80 
Nicotine metabolism ratio (NMR) is the simple ratio of 3-hydroxycotinine/cotinine from smokers, is 81 
noninvasive, independent of time since last cigarette, stable and reliable [23, 32]. Based on NMR, we have 82 
previously shown fast metabolizers are significantly less likely to quit smoking on placebo [10], and nicotine 83 
patch [8, 9] but are successful at quitting with non-nicotine medications [10]. Based on these independent 84 
clinical trials, we have determined the slow metabolizers to have an NMR ≤ 0.26 (approximately 25% of the 85 
smoking population), while normal metabolizers have higher NMRs. For this application to maximize 86 
sensitivity we will compare slow metabolizers (NMR ≤ 0.26) to rapid metabolizers (NMR ≥.42). 87 
 88 
4. Smoking Topography and Toxin Exposure 89 
The UPENN Center for Interdisciplinary Research on Nicotine Addiction (CIRNA) has conducted extensive 90 
work on examining the relationship between smoking behaviors and toxin exposures highlighted by our 91 
publications which report an association between total puff volume and NNAL [5], total puff volume and CO 92 
boost [2, 14], puff velocity and CO [1] and puff volume and tar exposure [3]. Results from this line of 93 
published studies, which represent over 650 topography and toxin sessions, demonstrate the need to 94 
meticulously assess smoking behaviors when examining exposures from cigarette smoking, and we 95 
propose to extend this research question herein. 96 
 97 
5. Toxin Exposures 98 
Differences in composition and burning characteristics of cigarettes and differences in smoking behavior 99 
(intensity of smoking) can affect the pattern and levels of exposure to various tobacco smoke toxins. 100 
Biomarker measurement is the optimal way to assess exposure to tobacco smoke toxins. It is desirable to 101 
measure a breadth of toxins, as is proposed in this study. Vapor phase biomarkers of interest include 102 
carbon monoxide and a number of volatile organic compounds. Carbon monoxide can be measured in 103 
expired air [14, 47]. Volatile organic chemicals, including benzene, acrolein, acrylamide, 1,3 butadiene, 104 
ethylene oxide, propylene oxide and crotonaldelhyde, can be measure in the urine as mercapturic acid 105 
metabolites [48, 49]. These compounds represent important carcinogens and cardiovascular toxins in 106 
tobacco smoke. Particulate measures include tobacco specific nitrosamines (NNK; measured as urine 107 
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NNAL) and polycyclic aromatic hydrocarbons, which represent other carcinogens in smoke. Nicotine intake 108 
is of course important to measure with respect to addiction potential. Nicotine intake can be estimated using 109 
the sum of nicotine metabolites in urine; and for within subject studies, by cotinine measurement. Dr. 110 
Benowitz’ laboratory (UCSF, Co-investigator) has been one of the key contributors to conducting assays to 111 
quantify toxicant and nicotine exposures, and will oversee the work proposed in this application as an 112 
extension of the ongoing work of the parent grant. 113 
 114 
CHARACTERISTICS OF THE STUDY POPULATION 115 
1. Target Population 116 

Adults who smoke at least 10 cigarettes daily, have been smoking for at least 5 years and who are not 117 

currently trying to quit smoking, and who are characterized as a slow nicotine metabolizer (NMR ≤ .26) or 118 

rapid nicotine metabolizer (NMR ≥ .42), as determined by results from a blood test at the initial session. 119 

 120 
2.  Accrual 121 

Recruitment will take place via several sources: community and campus bulletin boards, local 122 

newspapers, and previous participants who have agreed to be contacted for non-cessation and/or non- 123 

treatment studies. Dr. Strasser's research team has recruited 210 smokers in a 35-day, 8 session, 2- 124 

hours/session protocol that closely matches the proposed project, in the past 5 years.  125 

 126 

Justification of Sample Size: Preliminary data [2]; (R01 120594) of 250 smokers suggests total puff volume 127 

to be approximately 563 ml (SD=136) and 660.0 ml (SD=145) for own versus low nicotine cigarettes 128 

respectively; and cigarettes per day at 18 vs. 22 (SD=5); and NNAL levels of 1.18 pmol/ml and 1.61 129 

pmol/ml (SD=.44), for the within-subject comparison.  The between subject (NMR) comparison  is based 130 

on slow vs. rapid NMR [683 ml vs. 874 ml (SD=250)] from Strasser et al., 2011 [5]. Urinary biomarkers are 131 

collected at D5, 20, 35. Due to the long half-life of the biomarkers, changes do not occur until after 5-8 132 

days (half-lives vary) and will only be collected at the end of each period, the beginning of Day 5 (own 133 

brand), Day 20 (end of LNC1, or end of little cigar), and Day 35 (end of LNC2). Cotinine and NNAL are 134 

highly correlated within subject (0.5); [83] and represent a modest effect size relative to the proposed 135 

biomarker panel.  Therefore we  use  NNAL  observations  from previous work in our lab, to calculate 136 

power and sample size. Powering for the interaction test (rapid nicotine metabolizers will exhibit greater 137 

compensatory smoking and greater toxin exposure compared to slow metabolizers), and correcting alpha 138 

for multiple comparisons with 80% power, 50 participants per group will sufficiently detect significant 139 

differences for all behavioral and biomarker outcomes (NCSS:Power-Sample Size). 140 

 141 
4.  Key Inclusion Criteria 142 

1) adults age 21-65. 143 
2) smoking at least 10 cigarettes per day. 144 
3) smoking daily for the last 5 years. 145 
4) Provide a baseline breath CO reading equal to or greater than 10 parts per million. 146 
5) smoke predominantly non-menthol filtered cigarettes (research cigarettes are only non-menthol). 147 
6) not currently  using  any  other  nicotine  containing products such as cigars, smokeless tobacco, 148 

nicotine replacement therapies (patch or gum). 149 
7) are fluent in English and are capable of providing written informed consent, which includes 150 

compliance with the requirements and restrictions listed in the combined consent and HIPAA form. 151 
 152 
Participants who meet the inclusion/exclusion criteria and attend an Intake Visit for medical screening will 153 
be asked to provide a blood sample to determine NMR. Only those individuals who are characterized as 154 
slow or rapid, based on NMRs ≤ .26, or ≥ .42, will be eligible. 155 
 156 
5.  Key Exclusion Criteria 157 

1) use of any nicotine containing products other than cigarettes 158 

2) current or impending enrollment in smoking cessation program 159 
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3) history in the last year or current treatment of substance abuse (other than nicotine dependence)  160 

4) positive drug screen for cocaine, methamphetamines or opiates for urine drug screen at intake session 161 

5) alcohol use greater than 25 standard drinks per week  162 

6) current or planned pregnancy or lactating 163 

7) history or current diagnosis of psychosis, bipolar disorder, mania, or schizophrenia  164 

8) current  major depression (history of major depression but in remission for a minimum 6 months is 165 

eligible).  166 

9) serious or  unstable  disease  within  past  year  (e.g.  cancer  other  than melanoma, heart disease)  167 

10) history or current diagnosis of COPD  168 

11) history of stroke or heart attack  169 

12) age less than 21 years- We wish to recruit smokers with well established smoking patterns and will 170 

restrict recruitment to those over 21 171 

13) age more than 65 years - smoking  is  often  associated  with  cardiovascular  and  pulmonary  172 

obstructive  diseases  that manifest later in life. As smokers develop these problems, smoking behavior 173 

and biomarkers of harm may be affected therefore we will restrict enrollment to those under age 65  174 

14) provide baseline CO reading less than 10 at initial session 175 

15) current use (or use within past 14 days) of any medication that affects the biotransformation of 176 

nicotine, such as anticonvulsant drugs, rifampin, and disulfiram; or any psychoactive medications 177 

which can affect smoking behaviors 178 

16) any conditions viewed by the PI or study physician as creating a potential increased risk to a 179 

participant due to their participation will be reasons for exclusion 180 

17) at the discretion of the PI, any participants viewed as non-compliant will be excluded from further 181 

participation 182 

 183 
6.  Vulnerable Populations  184 
Children, pregnant women, fetuses, neonates, or prisoners are not included in this research study. 185 
 186 
7.  Populations vulnerable to undue influence or coercion  187 

Educationally or economically disadvantaged persons or cognitively impaired persons are not intentionally 188 

recruited in the current study. Because recruitment efforts for this study will be targeted to the greater 189 

Philadelphia area, University of Pennsylvania employees and students may view these advertisements 190 

and choose to respond. Status of participation in the current study will be independent of the participants' 191 

work or school activities. 192 

 193 
8.  Subject Recruitment  194 

Recruitment will be through two methods: previous center participants who agreed to future contact will be 195 

contacted to assess interest in participation and prospective participants will be recruited through 196 

advertisements in local media outlets (radio, TV, newspaper, internet). 197 

 198 
 199 
STUDY DESIGN 200 
1.  Phase 201 
Not applicable. 202 
 203 
2. Design 204 

A 2x3 design with a between-subject factor of NMR (slow NMR 0.26 vs. rapid NMR .42) determined prior 205 

to enrollment and a within-subject factor of own brand of cigarette vs. LNC 1 (0.25 mg nicotine content, 9.0 206 

mg tar), and LNC 2 (0.08 mg nicotine content, 9.0 mg tar), designed to test of the effects of cigarette 207 

nicotine level on smoking behaviors and toxin biomarkers. Additionally, the 5-day ad libitum observational 208 

period permits the participant to importantly be characterized for reliability and daily patterns of smoking 209 

behaviors, as well as allowing them to become accustomed to the smoking topography device (4 210 
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cigarettes in 2 lab visits) and other procedures, as well as provide a baseline (control) for biomarker level 211 

(Day 5). Therefore, the proposed design is optimal in that it allows us to assess usual smoking (Days 1-5), 212 

as well as directly compare the effects of interest thus maximizing statistical power. Study visits are 213 

described as Intake Visit, Sessions 1-8 where Session 1 is Day 1, S2 is Day 5, S3 is Day 10 and so on 214 

through Session 8, Day 35. 215 

  216 

3. Study Duration  217 

Timeline 218 

To enroll subjects and complete the study, estimated 1 year.  Subject participates in a study for initial 219 

screening  phone  call,  then  initial  visit  before  final  eligibility  is  determined.  After  eligibility  is 220 

confirmed, study visits will be scheduled for an additional 5 weeks (8 visits total) starting with the next visit. 221 

Total participation time is approximately 2 months. Study is proposed for September 2012 start. 222 

 223 
Drugs or Devices 224 
Study Cigarettes will be provided by NIDA as part of their research cigarette production program. 225 
 226 
STUDY PROCEDURES 227 
1.  Procedures 228 
 229 

TABLE 1  MEASURES 

STUDY DAY 

Intake 1 5 10 15 20 25 30 35 

SMOKING BEHAVIORS  

SMOKING TOPOGRAPHY  X X X X X X X X 

USED CIG. FILTERS COUNT   X X X X X X X 

DAILYCIG CALENDAR REVIEWED  X X X X X X X X 

NICOTINE METABOLISM RATIO X         

BIOMARKERS  

CARBON MONOXIDE  X X X X X X X X 

TOTAL NICOTINE EQUIVALENTS   X   X   X 

TOXIN BIOMARKERS   X   X   X 

SUBJECTIVE MEASURES  

DEMOGRAPHICS + PREFERRED CIG 

BRAND + SMOKING Hx. 
X         

NICOTINE DEPENDENCE X         

CIG EVAL (CES, VAS) + SENSORY (SQ) 
WITHDRAWAL (WSC) + QSU 

 X X X X X X X X 

 230 

Initial eligibility will be determined during a telephone interview by an experienced research technician. For 231 

participants who meet eligibility, an Intake session will be scheduled.   232 

 233 
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Participants must bring in a pack of their own cigarettes to the intake session to verify their cigarette brand 234 

type. At the intake session, participants will arrive at the laboratory, sign informed consent, complete 235 

baseline, descriptive and smoking history questionnaires (Table 1), provide a blood pressure reading, breath 236 

alcohol (BAC) and carbon monoxide (CO) samples and have a blood sample drawn to determine NMR. 237 

Blood samples will be shipped to Dr. Tyndale's lab (U. Toronto).  Participants will also provide a urine drug 238 

screen (at least 30mL [two tablespoons] of urine) and urine pregnancy test (female participants of 239 

childbearing potential only) will be administered. The urine drug screen will assess the recent use of cocaine, 240 

methamphetamines and/or opiates. Participants that test positive for cocaine, methamphetamines, or 241 

pregnancy will be ineligible. If a participant is taking a prescribed opiate for pain management for a specific, 242 

time-limited purpose (e.g., dental surgery) the study physician may determine that the participant is in fact 243 

eligible to continue in the study. Participants will be informed that their final eligibility will be determined by 244 

the NMR results from their blood sample and that they will be told of their eligibility by telephone. Duration 2 245 

hours.  246 

 247 

If eligible, participants will be scheduled to a study track of 8 sessions scheduled to start at the same time of 248 

day to reduce diurnal variability. Ideally all sessions will start within an hour of the same time, however if 249 

participants are unable to attend a session as scheduled, sessions will take place as soon as possible to 250 

maintain the schedule. Sessions will be spaced as close to 5 days apart as possible, with up to 2 days 251 

variation to account for participant scheduling.  252 

 253 

On Day 1, participants will provide breath BAC and CO samples, complete measures and receive 254 

instructions on collecting and storing used cigarette filters in date- and time-labeled bags.Participants will 255 

smoke a baseline cigarette at the beginning of each session use the smoking topography device in the lab to 256 

smoke two cigarettes interspersed by 30 minutes. After the session, participants will collect all spent 257 

cigarette filters until the  Day  5  laboratory  visit.  Participants  supply  their  own  cigarettes  for  the  5-day 258 

observational period. Duration: 2 hours.  259 

 260 

On Day 5, participants will attend a laboratory session where they will return used cigarette filters in date and 261 

time marked bags, smoke two cigarettes using the smoking topography device, interspersed by 30 minutes, 262 

provide BAC, CO, urine samples in addition to completing cigarette ratings questionnaire. Participants will be 263 

provided with their LNC1 supply and date- and time-labeled bags to collect filters. Duration: 2 hours.  264 

 265 

Days 10 and 15. Participants will complete their smoking topography session, have their cigarette usage 266 

reviewed, and be supplied with their research cigarettes. Participants will complete BAC and CO samples, 267 

subjective measures and confirm their next appointment. Duration: 2 hours.  268 

 269 

Day 20 procedures will be identical to Day 5, with the exception that participants will be switched to the 270 

LNC2 level. Urine and CO samples will be collected as on Day 5. Duration: 2 hours.  271 

 272 

Days 25 and 30 procedures will be procedurally identical to Day 10.  273 

 274 

Day 35 procedures will be procedurally identical to Day 5 with BAC, CO and urine samples collected. 275 

participants will be debriefed on study purpose. Duration: 2 hours. 276 

Description of Measures and Variables 277 

Predictor and Covariate Measures 278 

1.  Demographic and Smoking History Measures. Age, sex, race, height and weight, years smoking, and 279 

cigarettes per day will be collected at baseline. The Fagerström Test for Nicotine Dependence (FTND) 280 

[77] will be used to measure  nicotine  dependence,  and  is  a  6-item  measure  with  satisfactory  281 

internal  consistency (Cronbach's alpha=.64) and high test-retest reliability (r= .88) [78]. Smoking urges 282 
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(QSU); [79] and Withdrawal [80] will be assessed at each session, used as a covariate, and in 283 

exploratory mediator analysis.  284 

 285 

2. Nicotine Metabolism Ratio. NMR will be determined from the 3-hydroxycotinine and cotinine results of 286 

the blood sample, and used to characterize participants as slow NMR ( ≤ 0.26), or rapid NMR (≥.42). 287 

 288 

3.  Cigarette Characteristics. Participants will provide information on their own cigarette brand by 289 

completing a cigarette characteristics questionnaire at baseline, including: cigarette size (king, regular, 290 

100, 120, other), filtered/non-filtered, soft/hard pack, tar-nicotine level, and menthol/non- menthol, 291 

cigarette name brand.  292 

 293 

4.  Withdrawal Symptoms (WSC-W).  A Withdrawal Symptom Checklist will be used to measure withdrawal 294 

symptoms associated with quitting smoking (Hughes et al., 1984).  The checklist consists of 18 items 295 

such as cravings, irritability, difficulty concentrating, restlessness, impatience, anxious/tense, insomnia, 296 

drowsiness, nausea, tremors, increased heart rate, general physical complaints (e.g., sweating, 297 

dizziness), increased hunger, increased eating, headache, gastrointestinal disturbance, depression, and 298 

fatigue.  Participants will rate the intensity of their symptoms on the following scale: 0 = not present, 1 = 299 

mild, 2 = moderate, 3 = severe. This will enable us to test whether differences in cigarette nicotine level 300 

affect tobacco withdrawal symptoms, and whether such symptoms relate to compensation.  The WSC-W 301 

will be administered at all visits except the Intake. 302 

 303 
5. Questionnaire on Smoking Urges (QSU).  The QSU, a 32-item Likert-format self-report instrument will be 304 

used to assess smoking urges and craving (Tiffany and Drobes, 1991).  Questionnaire items are 305 
separated into four areas related to smoking urge: 1) desire to smoke, 2) anticipation of immediate 306 
positive outcome from smoking, 3) anticipation of immediate relief from nicotine withdrawal or relief from 307 
negative affect, and 4) intentions to smoke.  Participants will be asked to report how strongly they agree 308 
or disagree with each of the 32 statements (e.g., “smoking would make me feel very good right now”).  309 
Scoring uses a two-factor solution; factor I items primarily reflect intention and desire to smoke and the 310 
anticipation of positive reinforcement, while factor II items reflect anticipation of negative reinforcement.   311 

 312 

Outcomes: Behavioral and Biochemical Measures 313 

Cigarettes will be smoked using the Borgwaldt KC (Richmond, VA; formerly Clinical Research Support 314 

Systems) portable smoking topography machine. This device is specifically designed to collect smoking 315 

topography variables. A cigarette is placed in the sterilized flowmeter mouthpiece,  and  the  internal  316 

pressure  transducer  measures  pressure  changes  that  occur during inhalation. The pressure changes 317 

are amplified, digitized and sampled at 1000 Hz, then software converts the signal to airflow (ml/s) in 318 

real time (s), and from this provides number of puffs, puff volume, puff duration, maximum flow, and 319 

interpuff interval (time between puffs). The device is about the dimensions of a US cigarette pack, is 320 

lightweight, and offers the advantage of data collection in the smoking environment.  321 

 322 

Urine Sample. At the beginning of Days 5, 20 and 35 participants will be provided with a 4-ounce (118- 323 

mL) polyethylene specimen collection jar (Fisher Scientific, Pittsburgh, PA). Each sample will be given a 324 

unique label, and maintained at -20 °C until analysis at Dr. Benowitz’ laboratory. Samples will be assayed 325 

only on participants who complete the 35-day protocol.  Samples will be aliquot for analyses (toxins and 326 

TNEs) and reserves, which will be stored and later examined for exploratory biomarkers based on 327 

publication of new research.  328 

 329 

CO measures will be assessed at the onset of each visit. CO measures will be made using a 330 

Vitalograph Breath CO Analyzer  (McNeil  International.,  Lenexa,  KS). A  new,  disposable  mouthpiece  331 

will  be provided for each participant. The device has a digital screen which reports CO in parts per million 332 

(ppm). Participants will provide a CO breath sample using standard procedures [1, 14]; the largest 333 
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reading will be recorded as the CO level. 334 

Subjective Measures 335 

Visual Analog Scale (VAS).  To measure the subjective effects of the subject’s preferred brand, their initial 336 
exposure to each low nicotine cigarette, we will use the VAS measure, a 100 mm analog scale that has 337 
been used in previous smoking studies (1,2).  Items include: strength, heat, draw, smoke smell, and burn 338 
rate.  Composite ratings will be calculated in identical fashion to those described for the smoking 339 
topography outcome measures. 340 

Cigarette Consumption and Adherence Measures 341 

At each visit after Day 5, participants will be provided with 20% more cigarettes than their reported baseline 342 
daily consumption in order to permit compensatory smoking by increasing daily cigarette consumption.  343 
Also, participants will be given a resealable plastic bag for each day of the study until their next laboratory 344 
visit.  They will be asked to place every spent cigarette butt from each day into a labeled bag and return the 345 
bags at their next visit.  A research assistant will count the cigarette butts and compare it to the participant 346 
self-reported number of cigarettes per day smoked. By collecting used cigarette butts we hope to better 347 
assess the actual number of cigarettes smoked per day.  This measure is important because participants 348 
may compensate for less nicotine by smoking more daily cigarettes.  Total number of cigarettes smoked 349 
and mean number of daily cigarettes smoked will be determined for each cigarette nicotine level.  350 
Participants will be asked at each visit if they have smoked any cigarettes other than the ones provided to 351 
them by the study staff, and if so, how many. Evidence of compensatory smoking at the cigarette level will 352 
be determined by differences from baseline.  Participants will be asked at the conclusion of the study if they 353 
had used any cigarettes other than the ones provided to them by the study staff.   354 
 355 
Exploratory Analyses 356 
To compare against the NMR result, we propose to perform genotyping for polymorphisms in genes involved 357 
in the metabolism and elimination of nicotine (e.g., CYP2A6, CYP2B6, UGTs) and those potentially involved 358 
in the pharmacodynamic effects of nicotine (e.g., nicotinic receptors and dopamine pathway genes). We may 359 
genotype for additional polymorphisms in genes that may become identified as associated with nicotine 360 
dependence and related phenotypes in ongoing research.  361 
 362 
2.  Statistical Analysis 363 

Our  primary  behavioral  outcome  measures  are  total  puff  volume  and  daily  cigarette  count.  Our 364 

biomarker outcome measures are the toxin exposures and total nicotine equivalents collected at Days 5, 365 

20, and 35. These measures are continuous, and previously been observed to meet assumptions of 366 

normality; except cigarette count, which will be treated as a negative binomial count. Analysis will be 367 

conducted in a mixed-effects regression framework, using the procedure xtmixed in Stata (Stata Corp., 368 

TX), or procedure xtnbreg for cigarette counts. This approach has been previously used in our projects 369 

on smoking behaviors and toxin exposure, and is ideally suited to test our hypotheses because this 370 

approach  controls  within-subject  variability  by  modeling  explicitly  the  correlation  of  observations 371 

within subject. Also, the mixed-models framework permits the flexibility to add covariates, and to allow for 372 

heterogeneity of error variances among different sessions or different subgroups, e.g., NMR groups 373 

 374 
3.  Data Storage and Confidentiality 375 

x Paper-based records will be kept in a secure location and only be accessible to personnel 376 

involved in the study. 377 

x Computer-based files will only be made available to personnel involved in the study through 378 

the use of access privileges and passwords. 379 

x Prior to access to any study-related information, personnel will be required to sign 380 

statements agreeing to protect the security and confidentiality of identifiable information. 381 

x Wherever feasible, identifiers will be removed from study-related information. 382 

Communications made among study staff regarding participants will use identification number only and 383 
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not include names or any other personal identification numbers. Participant data will be kept in locked files 384 

which are only accessible to staff. In all data sets we will only include identification numbers to label 385 

each participant. No names or other unique identifiers will appear in data sets. Only study-specific staff, 386 

identified in institutional review board-approved materials, will have access to the list of names matched 387 

to identification numbers. 388 

 389 
Subject Privacy 390 
Study materials will use ID numbers to identify participants. All paper data is kept in locked files. 391 
Phone and email communication between staff will use ID number only to identify participants. All data 392 
sets use ID numbers only. Individuals will interact with study staff over the phone, by email, and in person  393 
in  the  lab.  Staff  at  the  University  of  Pennsylvania  who  may  need  to  have  access  to  the 394 
participants' name, and other information in the course of their duties (research oversight, 395 
compensation/business office) may have access to study information. 1) study materials will not include 396 
any  information  that  identifies  individuals  participation,  and  any  e-mail  communication  uses  ID 397 
numbers and never names or personal information; 2) results are never communicated to study staff or 398 
participants; 3) all paper data is kept in locked files; 4) all data sets use ID numbers only; 5) study samples 399 
will be labeled with coded ID numbers. 400 
 401 
Data Disclosure 402 

Will the data be disclosed to anyone who is not listed under Personnel? 403 

The Food and Drug Administration, The Office of Human Research Protections, The National Institutes of 404 
Health may request reviewing data from this study. If participants agree, a subset of their deidentified data 405 
may be deposited into the Pharmacogenetics Research Network Database (PharmGKB) or another 406 
appropriate database on the web. 407 

 408 
Personal Health Information to be collected includes: 409 

 Name, address, telephone number, date of birth 410 

 Email address 411 

 Social Security number (for compensation purposes) 412 

 Personal medical history  413 

 Results from research tests and procedures 414 

 Information on tobacco related biomarkers  415 

 Genetic information from blood samples 416 
 417 

3.  Tissue Specimens 418 
Urine. A urine sample will be required at the Intake Session for drug and pregnancy screenings. Participants 419 
who test positive for study prohibited drug use will be deemed ineligible, as will women who have a positive 420 
pregnancy test.  Urine samples from Days 5, 20, and 35 will be used to assess biomarker levels of cigarette 421 
smoke constituents.  Urine Samples will be transferred to Dr. Benowitz’ lab at the University of California at 422 
San Francisco for analysis.  Samples will be number coded prior to shipment; therefore there will be no way 423 
for the UCSF lab to identify individual study participants. 424 
 425 
Blood. Because, on average, the quality of DNA that is extracted from blood is superior to the quality of DNA 426 
that is extracted from saliva, we are asking participants to provide 3 tubes of blood (up to 30ml or 3 427 
tablespoons) at the Intake Session for genetic analysis.  Given that the complete predictive validity of the 428 
genotypes under study are not fully known at this time, participants will not be informed of the test results. All 429 
specimens are to be collected solely for research purposes.  Blood samples will be transferred to Dr. 430 
Tyndale’s laboratory at the University of Toronto for analysis.  Samples will be number coded prior to 431 
shipment; therefore there will be no way for the University of Toronto lab to identify individual study 432 
participants. 433 
  434 
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Our research team considers data sharing to be a major priority. Therefore, samples for genetic analyses will 435 
be stored for future use. At the Intake Session, blood for the NMR will be collected in conjunction with 436 
smoking phenotypes, and subject demographics. While we do not propose to study smoking phenotypes (i.e., 437 
dependence) extensively as a primary goal in this trial, we are aware that this represents a large sample set in 438 
which to do this, collected in a standardized format. This will be an extraordinary resource for genome wide 439 
association studies (GWAS) and next-generation sequencing studies. This resource will be useful for the 440 
addiction research community as well as for other Pharmacogenetics Research Network and research 441 
communities where having a large group of healthy smokers provides much needed control groups (e.g., lung 442 
cancer, schizophrenia). 443 
 444 
Our study is in compliance with NIH’s data sharing mandate. Specifically, we will follow the guidelines 445 
provided for the NIH Genome Wide Association Studies and Next Generation Sequencing, and related 446 
programs. The data sharing policy includes the following features: 447 
 448 

 All human protocols and consents will include IRB-approved language for data sharing. 449 

 Study related documents and de-identified subject data may be shared upon request and reviewed by the 450 
study investigators.  451 

 Raw study data and biospecimens for all projects will be available to the scientific community within 2 452 
years of study completion (or sooner), for collaborative research with investigators on the parent grant, 453 
Pharmacogenetics of Nicotine Addiction Treatment (PNAT), Penn IRB# 811772. Qualified investigators 454 
who wish to access this material will complete a form available on the PNAT website, which includes the 455 
description of the proposed study and delineates specific uses. The review and approval of data use is 456 
essential to ensure that samples are tested only for assays and phenotypes that are consistent with 457 
original consent forms. These requests will be reviewed and approved by the PNAT Data Sharing 458 
Committee. 459 
 460 

4.  Genetic Testing 461 
This study involves testing blood samples to identify NMR for participants and examination of DNA from blood 462 
samples to evaluate additional genetic variation related to smoking behavior and treatment outcomes. All 463 
biospecimens will be numerically coded and any information linking this numeric code to the participant’s 464 
protected health information will be kept separate and secure as described above. No information concerning 465 
the results of this testing will be shared with the study participants. 466 
 467 
 468 
RISK/BENEFIT ASSESSMENT 469 
1.  Potential Study Risks 470 
Confidentiality and Loss of Privacy. Communications made among study staff regarding participants will use 471 
identification number only and not include names or any other personal identification numbers. Participant 472 
data will be kept in locked files which are only accessible to staff. In all data sets we will only include 473 
identification numbers to label each participant. No names or other unique identifiers will appear in data sets. 474 
Only study-specific staff, identified in institutional review board-approved materials, will have access to the 475 
list of names matched to identification numbers. 476 
 477 
Assessments. Some subjects may experience some emotional distress during the assessments due to 478 
learning their carbon monoxide levels, seeing how many cigarettes they smoke. These events happen 479 
very rarely and in almost all cases are short-lived and of low intensity.  480 
 481 
Cigarette Smoking. Although cigarette smoking is associated with many diseases, we do not believe the risk 482 
is beyond every day risk as all participants must be smoking 10 daily cigarettes to be eligible. In addition, we 483 
will minimize any risks related to the loss of privacy by maintaining strict confidentiality.  484 
 485 
Blood Draw. We use trained phlebotomists to collect blood samples from participants. In some occasions, 486 
bruising, slight bleeding, and discomfort may occur at the needle site. In rare instances, participants may feel 487 
faint. These events are typically short lived and the participant quickly recovers. 488 
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 489 
2.  Potential Study Benefits 490 
There are no direct benefits to subjects as a result of participating in the study. Cigarette smoking 491 
remains the greatest  preventable  cause  of disease  and death  in the United  States. Although many 492 
smokers try to quit each year, the vast majority fail. The proposed study is a novel investigation to better 493 
understand how low nicotine content cigarettes and little cigars affect exposures, particularly in sub- groups 494 
that may be at greater risk of exposure based on inherited individual differences. Results may have clinical 495 
implications to demonstrate the relative increase in exposure in sub groups of smokers; and the proposed 496 
project has massive potential public health benefits by being able to provide empirical support for FDA policy 497 
on nicotine regulation in tobacco products. 498 
 499 
3.  Alternatives to Participation 500 

The alternative to participation is to decide not to enroll in the study. 501 
 502 
4.  Data and Safety Monitoring Plan 503 
The Principal Investigator, Dr. Andrew A. Strasser, Ph.D., will be responsible for overseeing and completing 504 
the monitoring process. During the course of the study, safety and data quality monitoring will be performed 505 
on an ongoing basis by the Research Coordinator and Principal Investigator.  The Research Coordinator 506 
will be responsible for collecting and recording all data.  The Principal Investigator will be responsible for 507 
ensuring all source documentation exists for the data in the case report forms and that all corrections are 508 
done according to the principles of Good Clinical Practice. 509 
 510 
The Principal Investigator will be responsible for assuring that all staff and participants understand and 511 
accept the obligations incurred in undertaking this human behavioral pharmacology study in accordance 512 
with 21 CFR Parts 312, 511, 812, 813 and any other applicable regulations; the obligation to obtain 513 
informed consent in accordance with 21 CFR Part 50; the obligation to obtain IRB review and approval of a 514 
clinical investigation before the investigation may be initiated and to ensure continuing review of the study 515 
by the IRB in accordance with 21 CFR Part 56. 516 
 517 
Monitoring for adverse events will be conducted in real time by Dr. Strasser.  The only drug being 518 
administered is the nicotine from the cigarettes.  While the cigarettes contain toxic and carcinogenic 519 
materials, the health risks of smoking these cigarettes should not exceed typical smoking of the study 520 
participants who must report smoking a minimum 10 cigarettes daily to be eligible. 521 
 522 
Any adverse event case will be reviewed by Drs. Strasser and Leone.  After removal of identification 523 
information, all serious adverse events will be reported to the University of Pennsylvania Institutional 524 
Review Board and the funding agency within 24 hours.  All adverse events will be recorded and a summary 525 
table reviewed by the IRB annually.  All research personnel associated with this study have completed the 526 
University of Pennsylvania’s Patient Oriented Research Training Program, or their respective university 527 
equivalent, or the NIH patient oriented research training program, as well as HIPAA Compliance Training. 528 
 529 
5.  Risk/Benefit Assessment 530 

This study poses minimal risks to subjects participating, however it has the potential to benefit society by 531 

measuring the effects of changing nicotine levels in cigarettes. Results may have clinical implications to 532 

demonstrate the relative increase in exposure in sub groups of smokers; and the proposed project has 533 

massive potential public health benefits by being able to provide empirical support for FDA policy on 534 

nicotine regulation in tobacco products. 535 

 536 
SUBJECT COMPENSATION 537 
Subjects will be compensated $590 total for their participation, including returning all cigarette butts and 538 
urine samples, and completing all laboratory sessions. Compensation will be paid in cash at each in-person 539 
visit according to the table below.  540 

Day Completing Visit   Transportation Task completion* Total 
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Intake 10 10  20 

1 20 10 10 40 

5 30 10 20 60 

10 40 10 20 70 

15 40 10 20 70 

20 60 10 20 90 

25 40 10 20 70 

30 40 10 20 70 

35 70 10 20 100 

    590 

INFORMED CONSENT 541 

1. Consent Process 542 

Informed consent will be obtained in person at the beginning of the intake session in a private lab room 543 

by a trained research assistant. After verifying contact information, the research assistant will read the 544 

consent form to the participant and answer any participant questions. If the participant has difficulty or is 545 

unable to understand the consent form or other procedures, they will be excluded from the study. 546 

 547 
2.  Waiver of Authorization 548 
N/A 549 
 550 
RESOURCES NECESSARY FOR HUMAN RESEARCH PROTECTION 551 
Qualifications of Investigators. Brief highlights are presented below for key investigators.  552 
 553 
Andrew A. Strasser, Ph.D., Site-Principal Investigator, Dr. Andrew A. Strasser, Ph.D. is an Associate 554 

Professor in the Department of Psychiatry  and  biobehavioral  laboratory  director  in  the  Center  for  555 

Interdisciplinary  Research  on Nicotine Addiction (CIRNA), formerly the Transdisciplinary Tobacco Use 556 

Research Center (TTURC). He will work closely with the Overall PI, Dr. Lerman, to ensure all study 557 

procedures and properly executed. He will oversee operations for the study and will have responsibility for the 558 

design, implementation and evaluation of the proposed research. He will be responsible for overseeing the 559 

study materials for institutional review board approval, programming study equipment, overseeing training, 560 

conducting analyses and manuscript preparation.  561 

 562 

Caryn Lerman, Ph.D., Overall Center Principal Investigator, Dr. Lerman is Mary W. Calkins Professor in the 563 

Department of Psychiatry and Annenberg Public Policy Center at the University of Pennsylvania, and 564 

Scientific Director of the Abramson Cancer Center. She has extensive expertise leading pharmacogenetic 565 

clinical trials for the treatment of nicotine dependence, including multi-institutional trials. Dr. Lerman led the 566 

clinical PGx trials of the NMR which provide the foundation for the proposed trial. She also has extensive 567 

experience conducting human laboratory studies that clarify the mechanisms underlying genetic associations 568 

with smoking cessation. 569 

 570 

Rachel Tyndale, Ph.D. (U. Toronto) is the Canada Research Chair in Pharmacogenetics, a Professor in the 571 

Department of Pharmacology at the University of Toronto, and Head of Pharmacogenetics for the Centre for 572 

Addiction and Mental Health (CAMH). Dr. Tyndale serves as the Co-PI for the parent current grant.  She has 573 

expertise in pharmacogenetics of drug dependence with a particular focus on CYP drug-metabolizing 574 

enzymes. Her group also has expertise in animal models of metabolism in the brain and liver and their impact 575 

on drug response and behaviors. Dr. Tyndale serves as Co-Chair of the PGRN publications committee and 576 

member of the PGRN coordinating committee. 577 

 578 

Neal Benowitz, M.D. (UCSF) is Professor of Medicine and Chief of the Division of Clinical Pharmacology at 579 

the University of California San Francisco.  Dr. Benowitz has published more than 300 papers on various 580 
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aspects of nicotine pharmacology, including addiction, metabolism and kinetics, and genetic, sex and racial 581 

influences on nicotine metabolism and smoking behavior, and biomarkers of nicotine exposure. 582 

 583 

Frank Leone, M.D., Study Physician, Dr. Leone, M.D., is an Associate Professor of Pulmonology at Penn 584 

Presbyterian, and leads a smoking cessation clinic there.  He has served as Study Physician on several 585 

projects in the CIRNA, including several of Dr. Strasser’s.  Dr. Leone will be available throughout the study to 586 

review any reported events that may arise amongst the participant sample. 587 

 588 

Christopher Jepson, Ph.D., Biostatistician, Dr. Jepson is a Biostatistician in the CIRNA. He has served as 589 

biostatistician  on  several  federally-funded  smoking  cessation  and  smoking-related  trials.  He  will provide 590 

expertise in statistical considerations, primarily data analytic strategies for biobehavioral data, addressing 591 

missing data issues, and interpreting complex behavioral outcome analyses. He has been a part of the 592 

CIRNA/TTURC team for the past 9 years. In addition, Dr. Jepson will assist in manuscript preparation.   593 

 594 
Staff Training 595 
Staff training will consist of an explanation of the protocol and review of all study forms and measures. In 596 
addition, the duties of each staff person will be outlined and all applicable regulations will be reviewed. All 597 
questions will be answered. Senior personnel will supervise junior staff and provide re-training in the study 598 
protocol as needed. 599 
 600 
The following research staff will be directly involved with the implementation and execution of the current 601 
study.   602 
Angela Pinto, M.B.A., Project Manager 603 
Sean Fleming, B.S., Samples Manager 604 
Kathy Z. Tang, Research Staff 605 
Rachel Dumont, Research Staff 606 
Paul M. Sanborn, Research Staff 607 
Dominique Vaughn, Research Staff 608 
Susan Ware, Database Manager 609 
 610 
Study Facilities  611 

The Biobehavioral Smoking Laboratory (BBSL) is located in the CIRNA and includes 4 smoking- approved, 612 

industrial-ventilated, rooms attached to a common observation and preparation room, as well as -80C and 613 

- 20C freezers. The BBSL has been used in several smoking studies from Drs. Lerman and Strasser, 614 

R01:120594, assessing over 12,000 topography smoked-cigarettes since 2005. 615 

616 
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