Nicotine & Tobacco Research, 2020, 1098—1106
doi:10.1093/ntr/ntz110
Review
Received February 28, 2019; Accepted July 2, 2019 S RNT
OXFORD

Review

Defining and Measuring Abstinence in Clinical
Trials of Smoking Cessation Interventions:
An Updated Review

Megan E. Piper PhD'*, Christopher Bullen MD, MPH, PhD?*,
Suchitra Krishnan-Sarin PhD?3, Nancy A. Rigotti MD*, Marc L. Steinberg PhD?,
Joanna M. Streck BAS, Anne M. Joseph MD, MIPH’

Center for Tobacco Research and Intervention of Wisconsin, Department of Medicine, School of Medicine and
Public Health, University of Wisconsin, Madison, WI; 2National Institute for Health Innovation, School of Population
Health, University of Auckland, Auckland, New Zealand; 3Department of Psychiatry, Yale University School of
Medicine, New Haven, CT; *Department of Medicine, Massachusetts General Hospital, Boston, MA; ®Division of
Addiction Psychiatry, Rutgers University, New Brunswick, NJ; ®Department of Psychiatry, Massachusetts General
Hospital, Harvard Medical School, Boston, MA; "Department of Medicine, University of Minnesota, Minneapolis, MN

Corresponding Author: Megan E. Piper, PhD, University of Wisconsin, Madison, 1930 Monroe Street, Suite 200, Madison,
WI 53711, USA. Telephone: 608-265-5472; Fax: 608-265-3102; E-mail: mep@ctri.wisc.edu

Abstract

Background: Changes in tobacco products, use patterns, and assessment technology in the last
15 years led the Society for Research on Nicotine andTobacco (SRNT) Treatment Research Network
to call for an update to the 2003 SRNT recommendations for assessing abstinence in clinical trials
of smoking cessation interventions.

Methods: The SRNT Treatment Research Network convened a group of investigators with dec-
ades of experience in conducting tobacco treatment clinical trials. To arrive at the updated recom-
mendations, the authors reviewed the recommendations of the prior SRNT Workgroup as well
as current literature. Ten additional experts in the field provided feedback on this paper and these
recommendations.

Results: With respect to defining abstinence, the authors recommend: (1) continuing to use the
definition of no use of combustible tobacco products (regardless of use of noncombustible to-
bacco products [e.g., snus] and alternative products [e.g., e-cigarettes]) and collecting additional
data to permit alternate abstinence definitions; (2) no use of combustible or smokeless tobacco
products; and (3) no use of combustible or smokeless tobacco products or alternative products,
as appropriate for the research question being addressed. The authors also recommend reporting
point prevalence and prolonged abstinence at multiple timepoints (end of treatment, >3 months
after the end of treatment, and >6 months postquit or posttreatment initiation).

Conclusions: Defining abstinence requires specification of which products a user must abstain
from using, the type of abstinence (i.e., point prevalence or continuous), and the duration of ab-
stinence.These recommendations are intended to serve as guidelines for investigators as they col-
lect the necessary data to accurately describe participants’ abstinence during smoking cessation
clinical trials.

Implications: This paper provides updated recommendations for defining abstinence in the con-
text of smoking cessation treatment clinical trials.

© The Author(s) 2019. Published by Oxford University Press on behalf of the Society for Research on Nicotine and Tobacco. All rights reserved.
For permissions, please e-mail: journals.permissions@oup.com.
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Introduction

In 2003, the Society for Research on Nicotine and Tobacco (SRNT)
Treatment Research Network issued recommendations for assessing
abstinence in clinical trials of smoking cessation interventions,' up-
dating 1986 recommendations.? In 2017, SRNT Treatment Research
Network members identified a need to update the recommendations
in light of changes in smoking patterns (e.g., a higher prevalence of
nondaily smoking®7 and the high prevalence of polytobacco use®?),
the advent of new products (e.g., electronic cigarettes [e-cigarettes],
heat-not-burn [HNB] products), and the development of new tech-
nologies to conduct tobacco use assessment (e.g., mobile applica-
tions, wearables). Similar to the 2003 recommendations,' these
recommendations are not intended to be either necessary or suffi-
cient for all trials, nor are they the only valid measures for clinical
trials. Further, these recommendations are not intended to take any
position on the individual or public health effects of various prod-
ucts or abstinence outcomes. Rather, they are intended to serve as
guidelines to enhance validity, consistency, and rigor across clinical
trials and provide a common set of terms to be used in dissemin-
ation. A companion paper provides updated information and re-
commendations on biochemical verification of abstinence.!® Taken
together, the two papers provide revised guidance to the research
community on how to appropriately and rigorously assess smoking
abstinence among combustible tobacco users.

The objective of this paper is to provide guidance for investi-
gators regarding measurement of tobacco abstinence outcomes in
smoking cessation trials. The emphasis of the paper is on abstinence
from combustible cigarette smoking, including roll-your-own cigar-
ettes. The measures might also apply to the use of other combustible
products such as cigars, little cigars, or bidis, but more research on
these products is needed. The focus on combustible cigarette smoking
as an essential treatment outcome in tobacco treatment research is
based on incontrovertible evidence of the harmful health effects of
cigarette smoking.!! However, given important questions about the
health effects of other tobacco products (e.g., HNB products) and
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alternative products (e.g., e-cigarettes),
to consider their use in definitions of abstinence. The authors ac-
knowledge and anticipate that these recommendations will need to
be updated as the tobacco product landscape evolves and as more is
understood about the risks and benefits of newer products.

To update the 2003 recommendations, in 2017 the SRNT
Treatment Research Network convened a group of investigators ex-
perienced in conducting tobacco treatment clinical trials over the
past several decades. To arrive at the updated recommendations, the
authors reviewed the literature, although this was neither a system-
atic review nor a formal meta-analysis. In particular, three articles
that recommended cessation treatment outcomes were examined:
the recommendations of the prior SRNT Workgroup,' the Russell
Standard,’ and the revised Russell Standard.'®

All three papers recommended the use of a prolonged abstinence
outcome, allowing an initial 2-week grace period. The recommended
abstinence duration was 6 or 12 months. The SRNT Workgroup and
Revised Russell Standard also suggested using point prevalence as a
secondary abstinence outcome, preferring 7-day point prevalence to
30-day point prevalence, although acknowledging that there may be
special cases where 30-day point prevalence is preferred, such as in
adolescents or other groups who may be using tobacco with lower
frequency.'” The two Russell Standard guidelines recommended bio-
chemically confirmed abstinence (expired carbon monoxide [CO] in
West'"* and cotinine in Cheung'®; see Benowitz et al’s companion

paper'® for the current recommendations regarding biochemical veri-
fication). Finally, the authors considered the practical issues investi-
gators face in the field. They held a series of conference calls and an
in-person meeting at the 2018 SRNT Annual Meeting in Baltimore,
MD. Additional experts in the field then reviewed the paper and its
recommendations (see Acknowledgements) and the writing group
addressed their comments prior to submission for peer review.

Defining Abstinence

Consistent definition of abstinence in smoking cessation clin-
ical trials is critical to both comparing results across clinical trials
and facilitating the merging of data for meta-analyses. Criteria for
determining abstinence should include three dimensions: (1) spe-
cification of the products included and excluded in the investiga-
tors’ definition of abstinence; (2) measures of abstinence (including,
potentially, a grace period and tolerance of any smoking after the
quit day); and (3) duration of abstinence, which includes identifying
the starting point of the timing of assessment (e.g., target quit day
for aid-to-cessation trials, onset of the intervention for cessation-
induction trials [see p. 10 for definitions]). Investigators should also
decide whether the chosen definition of abstinence will include bio-
chemical verification (see companion paper! for further discussion).
These updated guidelines address all three domains of the definition
and measurement of abstinence, discuss old and new tools available
to measure abstinence, and provide recommendations.

Specification of Products
Specification of the products from which participants are required
to abstain to meet the definition of abstinence is critical to rigorous
assessment. Products should be decided a priori and reported in dis-
semination products (e.g., publications, presentations). The advent
of new products such as e-cigarettes and HNB products, the lower
cost of some products, and the popularity of other products, such
as little cigars in the United States (that mimic combustible cigar-
ettes) have accelerated the trend for tobacco users to use multiple
products concurrently.”!® Therefore, regardless of the products in-
cluded in the definition of abstinence, it is important to document
use of other tobacco products (e.g., HNB products, little cigars) or
alternative products (e.g., e-cigarettes) in cigarette smoking cessation
trials for a variety of reasons. First, use of other tobacco products
may eliminate or moderate the health benefits of smoking cessation
(e.g., switching from cigarettes to little cigars would still present the
risks of combustible product use, and short- and long-term health ef-
fects of new products such as e-cigarettes and HNB products are not
completely understood). Second, use of such products may influence
smoking cessation outcomes; they may either facilitate abstinence
(e.g., reduce craving) or undermine abstinence (e.g., by maintaining
nicotine dependence or providing cues to smoke) from combustible
cigarettes and thereby influence the estimation of treatment effects.
Finally, use of noncigarette tobacco products or alternative prod-
ucts may affect the ability to validate abstinence biochemically. For
instance, use of other combustible tobacco products (or other com-
busted substances) would alter levels of exhaled carbon monoxide
(CO) and use of any product that delivers nicotine (including nico-
tine replacement therapy [NRT]) would alter cotinine results (see
Benowitz et al.'® for further discussion).

Historically, the most common definition of abstinence in smoking
cessation treatment studies has been no use of combustible cigarettes,
without considering use of other tobacco or alternative products.
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However, with the rise in the use of other popular combustible prod-
ucts (e.g., cigars, little cigars, hookah) in countries such as the United
States and England,'*?° an important definition of abstinence is abstin-
ence from all combustible tobacco products. We note that this may
create challenges for comparisons with previous studies where com-
bustible cigarettes were the only product included in the abstinence
definition. If this is a concern, investigators should assess abstinence
from individual products. A second definition is abstinence from all
combustible and smokeless tobacco products such as snus, chew (e.g.,
moist snuff, chewing tobacco), dissolvable tobacco, or HNB products.
Finally, investigators could consider a third definition of abstinence that
includes abstinence from all tobacco products and alternative products
(e.g., e-cigarettes with or without nicotine). These additional outcomes
could be explored in more thorough analyses to further understand
the impact of various products on abstinence rates. It is important to
note that our proposed definitions of abstinence for smoking cessation
trials focus on tobacco and do not include abstinence from other com-
bustible substances (e.g., marijuana), although use of other combust-
ible substances may influence the choice of biochemical verification
assay (see Benowitz et al., companion paper'®). Further, we recommend
that use of Food and Drug Administration (FDA) approved nicotine
pharmacotherapies (e.g., nicotine patch, gum, lozenge) be documented
but not be considered a violation of abstinence.

Including separate assessment of use of combustible, smokeless,
and alternative products provides flexibility for data analysis so that
a variety of outcomes can be considered. Assessment of other prod-
ucts typically occurs after assessment of cigarette use. For instance,
“Have you smoked a cigarette, even a puff, in the last 7 days? Have
you used any other combustible tobacco products, like cigars, little
cigars, bidis, blunts, or hookah, in the last 7 days? Have you used
any smokeless tobacco products, like smokeless tobacco, chew or
snus, or HNB products in the last 7 days? Have you used any alter-
native products in the last 7 days, such as e-cigarettes? If yes, which
products (provide list)?” Products continue to evolve, so investiga-
tors should use current, validated measures (e.g., PATH measures®'
and recommended e-cigarette items??) whenever possible.

Below are brief descriptions and examples of other tobacco and
alternative products. We include brief descriptions of how to quan-
tify use. This can be challenging because some of these products are
less likely than combusted cigarettes to be used daily (e.g., cigars),
they might be shared (e.g., hookah), and specification of the amount
may be less precise than counting cigarettes (e.g., smokeless to-
bacco). Therefore, quantifying both frequency and amount used may
be particularly relevant for these tobacco and alternative products.

Noncigarette Combustible Products

Like cigarettes, these products involve combustion of tobacco leaves
and inhalation of the smoke generated. This product group includes
large cigars, little cigars, cigarillos, blunts, and bidis.”> However,
quantifying use of these products can be difficult because some
products are smoked intermittently (nondaily), the quantity of to-
bacco smoked varies widely from product to product and day to
day, and users may limit the depth of inhalation, compared to cigar-
ette smoking.?! Typical measurement of these products is similar to
measurement of cigarette use—a count of products used and number
of days in the past month.

Hookah (Waterpipe, Nargile, etc.)
A hookah is a waterpipe used to smoke combusted tobacco (or
other substances). The pipe consists of one or more long flexible

stems connected to a container of water or other liquid through
which heated tobacco smoke is cooled and inhaled. Challenges to
quantifying hookah exposure include that hookah may be smoked
intermittently (e.g. nondaily), the amount of tobacco used at each
session may vary as hookah tobacco is often shared with others,
and users may limit the depth of inhalation.?® Therefore, there is no
standard assessment strategy for quantifying hookah use. One ap-
proach for investigators to consider is documenting the number of
days of hookah use in the last 30 days or in the last week.’?

Smokeless Tobacco Products

A wide variety of smokeless products is available around the world,
including single oral products (e.g., dipping tobacco, chewing to-
bacco, snus, dissolvable tobacco),?* oral tobacco mixed with other
nontobacco products (e.g., gutka, naswar, toombak, tobacco paste,
dic),”* and nasal products (e.g., snuff). These products vary widely
in harm and dependence potential. Measurement of use may include
counting the number of cans, pouches, or dips used daily/weekly and
the nicotine content of cans or pouches, although this tobacco is sold
loose in many lower- and middle-income countries.?!

HNB Tobacco Products

HNB tobacco products are tobacco products that heat tobacco to
a lower temperature than conventional cigarettes and produce an
aerosol that contains nicotine and other chemicals. At this point,
there is controversy over whether they are truly “smokeless.”26-2%
Investigators will need to determine whether they consider HNB
combustible or smokeless products in their definition of abstinence
until the data clarify this controversy. HNB devices like iQOS (Philip
Morris International), Eclipse (Reynolds American), PLOOM (Japan
Tobacco International), and Glo (British American Tobacco) are cur-
rently available in over 30 countries, including Japan, Switzerland,
Russia, Canada, South Korea, Italy, New Zealand, and the UK.>-3!
The companies that manufacture iQOS, Eclipse, and Glo have re-
cently filed applications with the U.S. FDA to bring the products
to the U.S. market.>! The first of the HNB products to receive FDA
authorization for sale in the United States is the iQOS device and
Marlboro brand tobacco sticks.?? These products can be quantified
based on the number of tobacco sticks or pods used.

E-cigarettes

E-cigarettes, an alternative product, are battery-operated devices
that aerosolize a solution for inhalation. The liquid may or may not
contain nicotine (or other substances); if it does contain nicotine,
the nicotine concentration may vary considerably. There are dif-
ferent generations of e-cigarettes and a multitude of device models
and e-liquids that continue to evolve, including cigalikes, tank sys-
tems, modified devices (“mods”), and pod devices. Documenting
e-cigarette use in the context of smoking cessation trials is im-
portant for consistency of interpretation of results across studies.
This includes, but is not limited to, assessment of quantity (e.g.,
number of cartridges, milliliter of e-fluid), frequency, and nicotine
concentration®.

It should be noted that the classification of these products may
not be stable and could change based on new data. For example,
HNB products are considered by many to be smokeless products.
However, this categorization has been challenged (i.e., some believe
that there is a small amount of combustion?®) and could change in
the future. There are also hybrid products that heat a liquid and
the resulting aerosol is then drawn through tobacco (e.g., BAT’s Glo
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iFuse). Researchers should anticipate that new products will emerge
on the market and plan to capture their use in an extant category
or consider whether a new category or assessment item needs to be
developed.

Finally, it is important to consider how users classify the product,
rather than how researchers or regulators classify the product. For
example, when asked about e-cigarettes, young people may not re-
port JUUL use as they do not consider it to be an e-cigarette.* Survey
items querying e-cigarette use should include alternative names (such
as e-cigs, vapes, vape pens, mods, and JUUL), use product images, or
participants can be asked to bring in their products to improve the
accuracy of product assessment?2,

Measures of Abstinence

Following specification of products included in the abstinence def-
inition, specific outcome measures should be selected a priori. There
are a variety of outcomes to consider. Abstinence outcomes can be
categorized as either point-prevalence abstinence (e.g., abstaining in
the last 7 or 30 days), which is considered a “snapshot”, or extended
abstinence (e.g., no smoking over a period of months). Options for
defining extended abstinence include repeated point prevalence, pro-
longed, and continuous abstinence. Definitions vary in how they
address the realities of the quitting process, including two prin-
cipal features: (1) not all smokers are able to quit completely on
their target quit day (TQD) and (2) some smokers who maintain
long-term abstinence may have lapses (slips). Some definitions of
extended abstinence outcomes allow participants an initial grace
period (typically 1-2 weeks) to achieve abstinence if they are un-
able to quit on their TQD. Some definitions of extended abstinence
also allow for a few lapses (but not relapse). Figure 1 compares the
models of extended abstinence measures. Table 1 defines different
types of abstinence with respect to duration, slips, and grace periods
and Table 2 provides standardized outcome questions for cigarette
abstinence based on the type of abstinence measure.

When considering which abstinence measures to select, it is
important for investigators to consider what type of smoking ces-
sation trial is being conducted. Proof of concept, efficacy, and ef-
fectiveness trials are typically considered aid-to-cessation trials and
include a predetermined TQD. Pragmatic and population-level trials
often include participants who are not yet ready to quit and can be

Quit Day

Grace period

Continuous
abstinence

Prolonged
abstinence

Smoking
permitted

Prolonged
abstinence
with slips

Smoking
permitted

Repeated point-
prevalent No_
abstinence smoking

categorized as cessation-induction trials because they are designed
to increase quit attempts and/or abstinence (e.g., trials of provider
advice or smoking cessation counseling or cessation pharmaco-
therapy for all inpatients or all clinic patients, typically including
motivational protocols for those not ready to quit). In such studies,
participants may be encouraged to set a TQD, but the timing may
vary greatly across participants and, therefore, TQD is not a useful
standardized milestone from which to measure abstinence. Thus, the
type of trial will influence how and when abstinence is assessed (see
below). It should also be noted that a serious quit attempt is defined
as a period of intentional abstinence from smoking, typically lasting
at least 24 hours**¢ (see Table 1). However, many reported quit
attempts do not meet the 24-hour cutoff.>” Alternatively, some re-
searchers define serious quit attempts as attempts where the smoker
decided to try to make sure they never smoked again.?*3$

Point-prevalence abstinence from cigarettes is defined as no
smoking (“not even a puff”) during a specific prior interval (usually
the last 7 or 30 days). Point-prevalence abstinence is sometimes con-
sidered to be a less rigorous measure than prolonged or continuous
abstinence because it is less predictive of life-long abstinence.'**
However, it has several advantages as an outcome measure. First, it
is less subject to recall bias because it assesses a shorter timeframe.
Second, it is less likely to be influenced by missing data such as when
a participant is temporarily difficult to schedule for an assessment,
but then returns to treatment or follow-up.* Third, biochemical veri-
fication is more likely to be valid with 7-day point-prevalence abstin-
ence than prolonged or continuous abstinence (see Benowitz et al.').
Finally, point-prevalence abstinence will more accurately reflect ab-
stinence status for smokers who do not quit immediately, or have
one or more early lapses, but then go on to refrain from smoking in
the long term.* This may be important in studies of treatments that
help lapsing smokers become abstinent, even late in the treatment
period (e.g., long-term NRT). One limitation of point-prevalence ab-
stinence is that cessation starting later in the study period may not be
associated with treatment, especially if abstinence is not established
until treatment is over.

The U.S. Public Health Service Guidelines for Treating Tobacco
Use and Dependence*' used 7-day point prevalence as the primary
outcome variable for reporting evidence of efficacy of various inter-
ventions. The justification for this decision was that point-prevalence

no smokin
9 Assessment day

No smoking

No smoking

No smoking - defined lapses permitted

No No

smoking smoking

Figure 1. Measures of extended abstinence. In this figure, “No smoking” may be defined by the product options outlined inTable 3.
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Table 1. Key Definitions

Term

Definition

Outcomes related to abstinence
Quit attempt/quit episode

Abstinence

Point-prevalence abstinence
Repeated point-prevalence abstinence
Grace period

Continuous abstinence

Prolonged abstinence

Prolonged abstinence with lapses

A period of intentional abstinence (typically defined as >24 hours).? Investigators should
specify the duration of a quit attempt.

A period in which there is no use of combustible cigarettes. Investigators should clearly
state whether this also means no use of any other combustible, smokeless, or alternative
products.

Complete abstinence (“not even a puff”) during a designated time period (e.g., 7 or 30 d)
prior to assessment

Point-prevalence abstinence at each consecutive assessment point (e.g., 4, 8, and 12 wk).

Initial period following the TQD during which smoking is permitted (e.g., 1-2 wk)

Complete abstinence (“not even a puff”) beginning on the TQD (i.e., with no grace period)
and lasting until the assessment

Complete abstinence (“not even a puff”) after an initial grace period; also known as sustained
abstinence

Prolonged abstinence after a grace period, but some smoking is allowed (e.g., no more than §

1 15.
cigarettes’;

fewer than seven consecutive days of smoking)

Outcomes related to resuming tobacco use after a period of abstinence
Lapse (slip)

A smoking event following initial cessation that does not meet definition of relapse

Relapse A return to regular smoking following a period of abstinence (i.e., seven consecutive days of

smoking)
Types of smoking cessation trials
Aid-to-cessation trials

A study design to test interventions for smokers ready to quit; TQD is set by study protocol,

timing of abstinence assessments are based on the TQD, and end of treatment is specified

Cessation-induction trials

A study design to test treatments for all smokers, whether they are ready to quit or not

(e.g., physician advice and smoking cessation consults for all inpatients who smoke), and
variable quit day studies. These studies typically do not have a specified TQD and may not
have a clear treatment end.

TQD = target quit date.

Table 2. Assessment ltems

Abstinence Assessment Items

Point-prevalence abstinence
Repeated point-prevalence abstinence

In the last [7 or 30] days, have you smoked a cigarette, even a puff?
In the last [7 or 30] days, have you smoked a cigarette, even a puff? This assessment is repeated over

time (e.g., 4, 8, 12, and 26 wk).

Continuous abstinence

Prolonged abstinence
from 1 to 2 wk.

Prolonged abstinence with slips

Have you smoked a cigarette, even a pulff, since the target quit day?
Since [end of grace period], have you smoked a cigarette, even a puff? Grace periods typically range

After [the end of grace period] have you smoked more than 5 cigarettes? OR How many cigarettes

have you smoked since [end of the grace period]? Grace periods typically range from 1 to 2 weeks.

abstinence was the most commonly reported outcome measure in
the studies analyzed. A PubMed search undertaken in September
2018 (limiting results to the past 5 years) resulted in 314 citations
associated with the key words “point prevalence” and “abstinence”
compared to 259 PubMed citations associated with “prolonged” or
“continuous” and “abstinence”.

Multiple definitions have been used for extended abstinence (e.g.,
continuous abstinence, prolonged abstinence), which is anchored to
the initiation of treatment/intervention and, thus, allows investiga-
tors to draw stronger causal inferences regarding treatment effects
compared to point-prevalence abstinence, which is anchored to the
endpoint. Continuous abstinence is defined as no smoking at all after
the quit date and is conceptually the most rigorous definition of ex-
tended abstinence because it does not allow for any lapses at all,
even early in the treatment process. It is also straightforward to as-
sess with a single question with a yes/no response (i.e., “Have you
smoked at all, even a puff, since your quit day?”). However, this

measure may be unduly conservative (e.g., some smokers may take
a few days to establish abstinence or may have a single slip) and,
therefore, may underestimate treatment effects.

Prolonged abstinence (sometimes referred to as sustained abstin-
ence) is defined as no smoking following an initial grace period (e.g.,
the first 7 days after the TQD or after treatment initiation). Many
pharmaceutical industry trials allow a 4-week grace period**** and
then examine continuous abstinence from week 9 to 12.% This initial
grace period gives smokers a few days to establish abstinence and
allows treatment adjustments that reflect practical issues in clinical
care (e.g., medication dose adjustment), in turn making prolonged
abstinence a more realistic definition to use in clinical trials. The
Cochrane Tobacco Addiction Group (TAG) prefers to use prolonged
abstinence over point-prevalence abstinence for the primary outcome
in their meta-analyses because they believe it to be a more rigorous
measure.** However, it is important to note that using prolonged
abstinence as the outcome in meta-analyses can be challenging as
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both the duration of abstinence and the length of the grace period
may vary widely across studies.

At any given time point, prolonged abstinence yields equal or
lower abstinence rates than point-prevalence abstinence. In practice,
prolonged abstinence rates tend to be 50-60% of point-prevalence
abstinence rates in the same trial.*® However, three reviews have
found that prolonged abstinence is highly correlated with point-
prevalence abstinence (r = 0.88)* and the two measures provide
very similar odds ratios for treatment efficacy,** although absolute
cessation rates differ. While the two types of abstinence outcomes
are strongly related, there are other considerations when choosing
an outcome. For instance, one of the disadvantages of prolonged
abstinence is that it cannot be biochemically verified unless there
are repeated biochemical assays, although strategies such as “bogus
pipeline” studies have shown that telling participants that there will
be biochemical verification (e.g., via exhaled CO) can increase the
validity of self-report.*

Some definitions of prolonged abstinence tolerate lapses (but not
relapses) to smoking (see Table 1). Lapses, also known as “slips,”
can be defined by the pattern of smoking, the amount of smoking,
or a combination of the two. For example, the “Russell Standard”
abstinence definition, proposed by West and colleagues,’ is defined
as self-report of smoking no more than five cigarettes following an
initial grace period. This definition has been used in some trials but
has not been widely adopted.'® Another common prolonged abstin-
ence definition is abstinence that permits smoking on fewer than
seven consecutive days and not in two consecutive weeks (i.e., not a
relapse), although some investigators find it difficult to collect these
data in practice.

Some definitions allow lapses after the grace period, but research
shows that any lapse is highly predictive of a second lapse and a re-
turn to regular smoking,’'~** possibly due to reduced self-efficacy.*®
Studies have shown that smoking on the quit day, even just a few
cigarettes, and within the first 2 weeks of the quit attempt are highly
predictive of smoking 6 months postquit.’»**%7 This suggests that
the majority of smokers who smoke during the grace period will
smoke after the grace period. Any abstinence definition that permits
lapses should specify, a priori, the number and timing of the lapses
that are permitted to enhance rigor.

Another less common definition is repeated point-prevalence ab-
stinence, defined as point-prevalence abstinence at each consecutive
assessment point (e.g., 4, 8, and 24 weeks). This definition has the
advantage of avoiding recall bias and can be measured over an ex-
tended (or even indefinite) period of time.’®** However, unlike pro-
longed abstinence, it does not assess daily smoking and some time
periods are unlikely to be included in the assessments (e.g., exam-
ining 7-day point-prevalence abstinence at 3 months and 6 months
will not account for 2 and half months of possible interval smoking).

Other abstinence outcomes that have been used to examine the
smoking cessation process include latency to first lapse, latency to re-
lapse or return to regular smoking, number of days of smoking, and
longest duration of abstinence.’¢° Although not commonly used as
primary outcome measures in smoking cessation trials, these out-
comes are becoming more useful as technology enhances the cap-
acity to collect daily use data and deliver just-in-time interventions
that could be triggered by an initial lapse.®? Investigators may also
want to consider reduction in cigarettes per day as an outcome as it
may be a prelude to complete cessation.’> However, health benefits
from smoking reduction may be limited by compensatory smoking®*
and lack of durability, compromising the validity of smoking reduc-
tion as an outcome measure.

Duration of Abstinence

The scientific goals of any given study, as well as the study design, are
key to determining the optimal duration of abstinence to measure,
including when abstinence begins and how long it lasts. Study de-
sign typically dictates the abstinence start date (i.e., the anchor date).
Smoking cessation study designs range from proof-of-concept studies
designed to demonstrate whether a treatment is promising (i.e., pro-
duces early effects that might carry over to longer-term effects; e.g.,
%), to highly controlled efficacy aid-to-cessation trials, to effectiveness
trials in “real-world” settings,’® to very pragmatic aid-to-cessation
or cessation-induction trials, in which there are few exclusion cri-
teria and providers (rather than researchers) deliver interventions,
with the focus on clinically meaningful primary outcomes. For aid-
to-cessation trials, the timing of abstinence assessment is generally
straightforward and the definition of abstinence is anchored to the
TQD. For cessation-induction trials, abstinence may be tied to the
TQD; however, it is more common practice to anchor on the date
of intervention initiation (e.g., the date participants receive their
first motivational intervention or receive their first medications in
the mail). Investigators can also attempt to identify a participant’s
identified quit day for variable quit date studies. This would allow
investigators to measure floating prolonged abstinence, which defines
abstinence starting from the date of the successful quit attempt rather
than tying it to a fixed follow-up point or fixed target quit date.®” Such
a definition is useful for cessation-induction trials (such as those that
include all smokers, whether they are interested in quitting or not) or
longitudinal care trials, in which smokers who relapse are encouraged
to quit again. Use of treatment initiation date may also be relevant
for effectiveness trials such as quitline or health care interventions in
which treatment is delivered without setting a trial-determined quit
date (e.g., the date they were referred to a quitline).

Abstinence assessments can occur during treatment, at the end
of treatment, and after completion of treatment. Assessments during
treatment and at the end of treatment have the advantage of testing
short-term efficacy, which may be important for proof-of-concept
studies. They are also practical because study duration will be shorter,
requiring fewer resources. Research has also shown that the majority
of relapses happen in the first weeks of a quit attempt and that this is
when the strongest treatment effects are evident.®*% It is ideal to in-
clude measurement at the end of treatment because there is potential
to prolong some forms of treatment to maintain efficacy, consistent
with other longitudinal care interventions common in medicine.
Continued assessment following the end of treatment permits assess-
ment of durability of the treatment effect or the health benefit of the
intervention. Challenges to the feasibility of this approach include
that some treatments have no set end of treatment (e.g., access to a
smoking cessation web site), data collection takes longer to complete,
and it may be harder to reach participants, especially among specific
populations (e.g., smokers with substance use disorders, homeless
smokers). Abstinence is generally measured at 6 or 12 months after a
TQD (in an aid-to-cessation trial) or at a specified point after treat-
ment initiation (in a cessation-induction trial). Six months post-TQD
is the standard used by most meta-analyses (e.g., *-*%). Ultimately, the
duration of abstinence is determined by the scientific objectives of the
study (e.g., a shorter duration may be appropriate for pilot or feasi-
bility studies) and needs to be specified a priori.

Tools to Measure Abstinence

After choosing criteria of abstinence (the products from which par-
ticipants must abstain, the abstinence outcome, and the duration of



1104

Nicotine & Tobacco Research, 2020, Vol. 22, No. 7

abstinence), it is critical to develop a rigorous protocol for assessing
smoking behavior. Protocols should be publicly registered (e.g., re-
gistered at one of the sites listed at www.hhs.gov/ohrp/international/
clinical-trial-registries/index.html) to provide access to details about
abstinence measures. Fundamental issues related to the conduct of
clinical trials to consider include: maintenance of masking of treat-
ment condition among data collectors whenever possible and main-
tenance of separate tobacco treatment delivery and data collection
study team personnel (see CONSORT?”’ for additional information).
Separate treatment and assessment staff will help avoid participants’
potential misrepresentation of smoking status to coaches or coun-
selors with whom they have developed a treatment relationship.
Finally, investigators should prespecify methods for biochemically
verifying self-reported abstinence and whether such assessment is
warranted for the trial (see Benowitz et al.'’) and management of
missing abstinence outcome data.

Investigators traditionally use retrospective survey tools to assess
participants’ reports of smoking behavior aggregated over a recent
interval (e.g., “Have you smoked a cigarette, even a puff, in the last
30 days?”). Investigators may select among various data collection
methods to assess self-reported smoking status including in-person
visits, telephone surveys, online surveys, or smart phone technology.

Some methods can mitigate the limitations of recall bias, such as
interactive voice response (IVR), ecological momentary assessment
(EMA), and the Time-Line Follow Back (TLFB) method. Each tool
has advantages and disadvantages, both with respect to response rates
and accuracy.”’’> IVR, EMA, and TLFB permit collection of more
granular smoking data. These data might include whether the partici-
pant smoked or not on each day during the interval being assessed,
the number of cigarettes smoked per day, or other tobacco products
used each day. Treatment use, such as the amount of NRT, can also
be measured by these methods. IVR and EMA provide a clear time
stamp for the data and are subject to the least amount of recall bias.
The TLFB was originally developed to measure alcohol treatment
outcomes’ but has been applied to tobacco use for interval durations
up to 6 months.”"7* Recall of smoking over periods up to 30 days
appear accurate but recall over longer periods is less reliable.”> For
example, smokers typically fail to recall many quit attempts.”>’¢

Data collected via IVR, EMA, and TLFB provide investigators
the ability to: identify initial cessation, lapses, and relapses; use dif-
ferent definitions of abstinence (e.g., real-time assessment might be

Table 3. Recommendations for Measures of Abstinence

more effective in tracking the use of all products included in the
selected abstinence definition); measure the total number of days
of abstinence; and assess smoking reduction. These data can also
be helpful in understanding the mechanisms underlying treatment
effects.

Recommendations

Based on the changes in the tobacco dependence treatment envir-
onment and current research, the authors have developed recom-
mendations regarding the definition of abstinence, abstinence
outcomes, and abstinence duration (see Table 3). They continue to
include reporting abstinence from all combustible tobacco prod-
ucts for smoking cessation trials. However, in the current expanded
tobacco product environment, a methodologically rigorous assess-
ment includes measurement of abstinence from smokeless products
and from alternative products (e.g., e-cigarettes with and without
nicotine). The authors had strong consensus on the need to measure
both abstinence from all combustible tobacco products and abstin-
ence from other tobacco products and alternative tobacco products.
Strengths of defining abstinence as abstinence from all combustible
products include capacity for comparison to extant studies, relative
ease of collecting information, use of other tobacco products and
alternative tobacco products as cessation aids in some studies, and
strong scientific evidence about the harmful health effects of com-
bustible tobacco. The authors also agreed on the importance of col-
lecting and reporting on data about other product use, which are
needed to fill gaps in knowledge about potential risks and benefits.
We recommend assessment of both point prevalence and pro-
longed abstinence and assessing abstinence at the end of treatment
and a minimum of 3 months after the end of treatment. Whether
point prevalence or prolonged abstinence is deemed the primary out-
come should be based on study objectives and hypotheses.
Regardless of whether the definitions of prolonged abstinence
allow or do not allow slips, we recommend investigators collect sec-
ondary outcome data on latency to first lapse and number of cigar-
ettes smoked per day, especially on the lapse day, as this is predictive
of relapse.’>¢77 If investigators are interested in the cessation process
per se, rather than abstinence outcomes, we recommend using such
data (i.e., initial lapse date) to conduct survival analyses to assess
latency to lapse and relapse and the use of milestone analyses.®*”®

1.Abstinence product definition.” We recommend using definition (a) for all smoking cessation trials and collecting data necessary to evaluate

definitions (b) and (c):

a.Abstinence from all combustible tobacco products. Abstinence from combustible tobacco products but “allowing” the use of noncombustible

products and alternative products.

b.Abstinence from combustible tobacco products and smokeless tobacco products. Abstinence from combustible and smokeless tobacco products

but “allowing” use of alternative products.

c.Abstinence from combustible tobacco products, smokeless tobacco products, and alternative products.

2.Abstinence outcome measure. We recommend reporting (a) and (b):

a.Point-prevalence abstinence (7 or 30 d). This is the preferred measure when using biochemical verification.
b.Prolonged abstinence. This includes a grace period and may include some tolerance of lapses that reflect the realities of stopping smoking.

3.Abstinence duration. We recommend reporting abstinence at multiple timepoints. Minimum data collection should include:
a.End of treatment. This is appropriate if there is a clear end of treatment time point; however, some cessation-induction trials may manipulate

treatment exposure or may not have a clear treatment termination date.

b.A minimum of 3 mo after the end of treatment. This will provide an assessment of whether the treatment effect persists after treatment

termination.

c.A minimum of 6 mo post-TQD or posttreatment initiation. 6 mo post-TQD is the standard used by most meta-analyses.

*All definitions permit the use of Food and Drug Administration approved pharmacotherapies that contain nicotine.
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Investigators may also want to consider other outcomes related
to the cessation process, such as latency to set a TQD. The SRNT
Biochemical Verification workgroup also recommends biochemical
verification when feasible."

In conclusion, the evolution of tobacco products and use patterns
has prompted a reexamination of how investigators define, measure,
and report abstinence, the key outcome of smoking cessation treat-
ment trials. This paper provides investigators with guidance based on
empirical and theoretical literature as well as pragmatic concerns. It
is our hope that this guidance will increase the rigor and reproduci-
bility of smoking cessation research findings and provide important
insights into the cessation process. The recommendations will require
reexamination periodically to ensure that they are consistent with the
extant literature and evolution of tobacco and alternative products.
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