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Abstract
Background The effectiveness of smoking cessation 
treatment is limited in real-world use, perhaps because 
we have not selected the components of such treatments 
optimally nor have treatments typically been developed 
for and evaluated in real-world clinical settings.
Purpose To validate an optimized smoking cessation 
treatment package that comprises intervention compo-
nents identified as effective in factorial screening exper-
iments conducted as per the Multiphase Optimization 
Strategy (MOST).
Methods Adult smokers motivated to quit were recruited 
from primary care clinics (N = 623). Participants were ran-
domized to receive either recommended usual care (R-UC; 
10 min of in-person counseling, 8 weeks of nicotine patch, 

and referral to quitline services) or abstinence-optimized 
treatment (A-OT; 3  weeks of prequit mini-lozenges, 
26 weeks of nicotine patch + mini-lozenges, three in-per-
son and eight phone counseling sessions, and 7–11 auto-
mated calls to prompt medication use). The key outcomes 
were self-reported and biochemically confirmed (carbon 
monoxide, CO <6 ppm) 7-day point-prevalence abstinence.
Results A-OT participants had significantly higher 
self-reported abstinence rates than R-UC participants 
at 4, 8, 16, and 26  weeks (ORs: 1.91–3.05; p  <.  001). 
The biochemically confirmed 26-week abstinence rates 
were lower than the self-reported 26-week rates, but 
revealed a similar treatment effect size (OR  =  2.94, 
p < .001). There was no moderation of treatment effects 
on 26-week abstinence by demographic, psychiatric, or 
nicotine dependence variables. A-OT had an incremen-
tal cost-effectiveness ratio for 26-week CO-confirmed 
abstinence of $7,800.
Conclusions A smoking cessation treatment that is opti-
mized via MOST development meaningfully enhances 
cessation rates beyond R-UC smoking treatment in 
smokers seen in primary care.
Clinical Trial Registration NCT02301403.

Keywords  Smoking cessation • Multiphase optimization 
strategy • Combination nicotine replacement • Primary 
care • Randomized controlled trial

Introduction

Smoking prevalence has declined steadily in the USA 
over the past 50 years [1]. However, ~36.5 million adults 
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in the USA continue to smoke, making smoking the 
leading preventable cause of morbidity and mortality [2]. 
Moreover, an estimated 70% of smokers visit a primary 
care physician each year [3, 4], underscoring the need for 
especially effective treatments for smoking that are feas-
ible for use in healthcare settings.

Various pharmacotherapy and counseling approaches 
are efficacious for smoking cessation [3, 5–7] with esti-
mates of long-term abstinence rates ranging from 12.7% 
for quitline counseling to 21.7% for medication alone to 
27.6% for counseling plus medication [3]. However, there 
are myriad potential combinations of such interventions 
and a host of strategies to deliver them. For instance, 
some evidence supports prequit delivery of smoking 
cessation medication ([8, 9] cf. [10, 11]), different combi-
nations of medications [3, 12], extended medication [13, 
14], in-person counseling [6, 15], and phone counseling 
[6]. Although the extant literature does suggest that more 
intensive interventions are more efficacious [3], little re-
search has directly evaluated the effects of individual 
intervention components or their joint and interactive 
effects, making the development of a treatment pack-
age a “best guess” exercise rather than a process directly 
informed by experimental evidence.

Furthermore, there are limited data regarding the ef-
fectiveness of these components when they are provided 
in primary care. This lack of evidence demonstrating 
real-world effectiveness may contribute to the fact that 
medical professionals provide advice to quit to fewer 
than two-thirds of smokers and even fewer smokers re-
ceive evidence-based treatment. A national survey found 
only 4.7% of smokers who tried to quit in the past year 
used the recommended combination of cessation medi-
cation plus counseling [4]. Another study found that 77% 
of primary care patients received advice to quit, but only 
one-third of them used medication and only 16% used 
counseling, resulting in less than 9% quitting for more 
than 30 days [16]. Without counseling and medication, 
long-term quit rates among patients who receive only ad-
vice to quit smoking or “usual care” range between 2% 
and 10% [3, 17, 18].

The Multiphase Optimization Strategy (MOST; [19]) 
is an innovative framework that can be used to engineer 
treatment packages that improve upon current treatment. 
In the first step in MOST, Preparation, the investigator 
uses theory and extant data to identify potential inter-
vention components to include in an optimized treatment 
package. In the next step, Optimization, these compo-
nents are evaluated empirically, and based on the results, 
components are selected to form the optimized treat-
ment package. Different strategies can be used for empir-
ical evaluation of the components depending on the type 
of package to be optimized and the research questions at 
hand. In the current research, factorial screening exper-
iments were used [20–25]. A single factorial experiment 

can efficiently yield data on both the main and interac-
tive effects of multiple intervention components [20, 26–
28]. In the final step in MOST, evaluation, the optimized 
treatment package is evaluated in a randomized con-
trolled trial (RCT). The current research constitutes the 
first RCT of a smoking cessation treatment engineered 
based on MOST.

In our prior research using MOST [29, 30], we ex-
perimentally evaluated 11 smoking cessation interven-
tion components in two factorial screening experiments 
[23, 24]. Because primary care settings offer an excellent 
opportunity to deliver smoking treatment [3, 31], the 
components were developed for and evaluated in such 
settings. Thus, the components involved few in-person 
meetings, and some elements were delivered via phone or 
automated calls; we did not include varenicline or bupro-
pion due to the need for heightened medical screening 
and monitoring, and participants were patients making 
primary care visits. Components were evaluated based 
on their main and interactive effects on 6-month self-re-
ported smoking abstinence [23, 24]. With the objective of 
maximizing abstinence at 6 months postquit, we identi-
fied five especially effective components that worked well 
together across the Prequit, Cessation, and Maintenance 
phases of smoking treatment [29]. These components 
were combined into an abstinence-optimized treatment 
(A-OT): (a) 3 weeks of preparation-phase mini-lozenges; 
(b) 26 weeks of postquit combination nicotine replace-
ment (NRT; nicotine patch + nicotine mini-lozenges); (c) 
three cessation-phase in-person counseling sessions; (d) 
eight maintenance-phase counseling calls; and (e) 7–11 
automated medication adherence calls.

This RCT represents the final step in one cycle of 
MOST—determining whether the optimized treatment 
improves upon current practice. We compared the A-OT 
with a smoking treatment that reflects a recommended 
standard of care for the primary care setting. Traditional 
deductive treatment development strategies (e.g., review 
of extant literature [20]) were used to develop the com-
parison treatment. It should be noted that the rec-
ommended usual care treatment (R-UC; 8  weeks of 
nicotine patch, brief  in-person counseling, fax referral to 
a tobacco quitline for phone counseling, and assistance 
with accessing the quitline’s digital intervention resources 
for additional follow-up support) was more intense than 
what is typically provided in primary care (e.g., advice to 
quit, self-help material, possibly pharmacotherapy [32, 
33]), but consistent with recommended practice [3]. This 
relatively intensive usual care treatment serves as a more 
rigorous comparator than simple advice to quit or advice 
plus referral to a quitline. Nevertheless, the A-OT was 
itself  more intense than the R-UC treatment. Thus, dif-
ferences between the two treatments may reflect both the 
way in which the treatments were developed (via MOST 
vs. deductively) and intensity per se. Despite the greater 
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intensity of the A-OT, we hypothesized that primary care 
patients would engage in it satisfactorily based upon the 
engagement rates we obtained in prior research [23, 24] 
and that it would produce higher abstinence rates than 
R-UC.

Methods

Participants

Participants were patients from seven primary care clin-
ics within two Wisconsin healthcare systems. Smokers 
who expressed interest in quitting smoking during a 
clinic visit were referred via the electronic health record 
(EHR) to the research study. Other smokers from these 
clinics were recruited via mailings and EHR messaging. 
Research personnel called all interested patients and 
assessed initial eligibility. Inclusion criteria were as fol-
lows: >17 years old; smoke >4 cigarettes/day for the pre-
vious 6 months; able to read, write, and speak English; 
plan to remain in the area for at least 12 months; have 
reliable phone access and agree to respond to interactive 
voice response phone prompts; be a patient at a par-
ticipating clinic; not currently taking bupropion; agree 
to use only study medication for the duration of the 
study; have no history of stroke, heart attack, transient 
ischemic attack nor an abnormal electrocardiogram in 
the past 4  weeks; have no hospitalizations for diabetes 
or congestive heart failure in the past 4 weeks; have no 
diagnosis of or treatment for schizophrenia, a psychotic 
disorder or bipolar disorder in the last 10 years; and, for 
women of childbearing potential, use of an approved 
method of birth control during treatment.

Primary care patients who passed the phone screen 
were invited to attend a study visit at their referring clinic 
(where all treatment visits occurred) to learn more about 
the study, have eligibility confirmed, and provide written 
informed consent. Following consent, participants were 
randomized to one of two treatment conditions: R-UC 
or A-OT. Computer-based randomization used a 1:1 ran-
domization within blocks of six participants, stratified 
by gender. This research was approved by the University 
of Wisconsin, Madison’s Institutional Review Board.

Treatments

Participants assigned to R-UC received the following 
treatment: (a) 8  weeks of nicotine patch (participants 
who smoked >10 cigarettes/day: 4  weeks of 21  mg, 
2 weeks of 14 mg, and 2 weeks of 7 mg nicotine patches; 
participants who smoked ≤10 cigarettes/day: 6  weeks 
of 14 mg, and 2 weeks of 7 mg nicotine patches); (b) a 
single, 10-min in-person counseling session with a bach-
elor’s level trained smoking cessation counselor that 

included setting a quit date, discussing reasons for quit-
ting, and preparing for the quit date; (c) a faxed refer-
ral to the Wisconsin Tobacco Quit Line (WTQL) with a 
time for the WTQL to call the participant for additional 
counseling and to provide access to Web Coach; and (d) 
the instructions for downloading the QUITNOW app, a 
free smoking cessation app, from the WTQL, that pro-
vides access to evidence-based tools to help smokers quit 
and active support for the first 2 weeks postquit.

Participants randomized to A-OT received five 
intervention components: (i) Preparation-phase nico-
tine mini-lozenges; (ii) 26-weeks of combination NRT 
(nicotine patch  +  nicotine mini-lozenges); (iii) inten-
sive cessation-phase in-person counseling; (iv) intensive 
maintenance-phase phone counseling; and (v) auto-
mated medication adherence calls. Participants received 
3 weeks of prequit, preparation-phase, nicotine mini-loz-
enges dosed per mini-lozenge labeling (smoke within 
30 min of waking, 4 mg; smoke more than 30 min after 
waking, 2 mg). Participants were instructed to use one 
mini-lozenge every 1–2 h and up to 12 daily, with a goal 
of using at least 5 daily. Participants were advised to try 
to reduce their smoking, reduce the range of contexts 
in which they smoked, and substitute mini-lozenges for 
cigarettes.

Starting on the target quit day (TQD), A-OT par-
ticipants were instructed to use both the nicotine patch 
and the nicotine mini-lozenges for 26 weeks, regardless 
of whether they returned to regular smoking. Dosing 
was consistent with medication labeling (patch dosing: 
smoke >10 cigarettes/day = 22 weeks of 21-mg, 2 weeks 
of 14-mg, and 2 weeks of 7-mg nicotine patches; smoke 
≤10 cigarettes/day  =  24  weeks of 14-mg and 2  weeks 
of 7-mg nicotine patches; mini-lozenge dosing: see the 
previous paragraph). Health counselors urged partici-
pants to use an average of 9 mini-lozenges/day, unless 
they experienced negative health effects, and instructed 
participants to taper their mini-lozenge use to zero over 
Weeks 24–26. All participants received instructions on 
proper NRT use, including an NRT information sheet 
with study staff  contact information.

A-OT participants received three 20-min in-person 
cessation counseling sessions during the cessation phase 
(prequit Week –1, TQD, and postquit Week 1)  from a 
bachelor’s level trained smoking cessation counselor. 
The goals of the counseling were to prepare for the TQD 
(e.g., reinforce motivation, remove cigarettes and smok-
ing paraphernalia from the environment, plan for the 
quit day), develop techniques to cope with withdrawal 
symptoms and smoking triggers, including negative 
affect and withdrawal, and provide support. Participants 
then received eight maintenance-phase smoking ces-
sation phone counseling sessions (Weeks 3, 4, 6, 8, 10, 
14, 18, and 22). These 15-min calls emphasized content 
similar to that provided in the in-person counseling, 
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namely support and problem solving. Finally, partici-
pants received 11 brief, automated calls reminding them 
to use their medications properly (Days 1, 3, 10, 17, 24, 
31, 45, 73, 101, 129, and 157). Participants who reported 
no smoking during the Week 8 assessment call did not 
receive further automated adherence messages (i.e., they 
only received 7 automated calls during the first 6 weeks 
of their quit attempt). This decision was based on un-
published data from our prior study [24] that suggested 
that continued automated adherence calls undermined 
long-term self-reported cessation among smokers who 
achieved abstinence early in the quit attempt.

Assessments and Outcome Measures

Participants completed baseline assessments of  demo-
graphics, tobacco use history, tobacco dependence 
(Fagerstrom Test of  Nicotine Dependence, FTND, [34]; 
Brief  Wisconsin Inventory of  Smoking Dependence 
Motives, WISDM, [35]), medication beliefs, motivation, 
self-efficacy, confidence, withdrawal, affect, pleasure, 
and self-reported lifetime diagnosis of, or treatment for, 
the following psychiatric disorders: depression, bipolar, 
schizophrenia, anxiety, panic, post-traumatic stress, 
and attention deficit. Exhaled carbon monoxide (CO) 
was assessed using the Bedfont Micro+ Smokerlyzer 
(Bedfont Scientific, Rochester, England). Follow-up 
calls at Weeks 4, 8, 16, 26, 39, and 52 assessed recent 
tobacco use, motivation, self-efficacy, confidence, with-
drawal, affect, pleasure, and medication use and ad-
verse events. During each follow-up call, participants 
reported cigarettes per day in the last 7 days and com-
pleted a time-line follow-back calendar to capture 
smoking status (yes or no) cumulatively for each day 
of  study participation. At the Week 26 follow-up call, 
participants who reported no smoking in the last 7 days 
were invited to their clinic to provide a breath sample 
for CO-verification of  abstinence. Biochemically con-
firmed (CO <6 ppm) 7-day point-prevalence abstinence 
at Week 26 was the primary outcome. The study sample 
size (minimum of ~300 per group) was based on power-
ing the study at 0.80 (α = .05, two-tailed test) to detect a 
10% increase in long-term abstinence over and above the 
20% abstinence rate that we projected conservatively for 
the usual care control [36].

Analytic Plan

Descriptive statistics were used to examine participant 
characteristics, treatment engagement (i.e., comple-
tion of study visits and calls), medication adherence, 
and adverse events. Group differences in patch use at 4 
and 8 weeks were examined using chi-square tests. Self-
reported point-prevalence abstinence rates at Weeks 4, 8, 
16, 26, 39, and 52, and CO-confirmed point-prevalence 

abstinence rates at Week 26, were examined using logis-
tic regression with an intent-to-treat approach where 
participants missing data were assumed to be smok-
ing. Moderation of treatment effects at each follow-up 
time point was examined using logistic regression with 
treatment, the potential moderator, and the interaction 
term included in each moderator model. Finally, cost per 
quit and the incremental cost-effectiveness ratio (ICER) 
were calculated for each intervention from the payer’s 
perspective. Costs for the counseling interventions were 
derived from the Medicaid portal based on a bachelor’s 
level trained provider. Phone counseling costs were based 
on 50% of the billed Wisconsin Tobacco Quit Line rate, 
a formula approved by Medicaid. Finally, costs for the 
medications were estimated using the maximum allowed 
drug costs from the Medicaid portal.

Role of the Funding Source

This research was funded by grants from the National 
Institutes of Health. The funder had no role in the devel-
opment, implementation, analysis, or reporting of this 
research.

Results

A total of 623 eligible participants were randomized 
to receive either R-UC (n  =  315) or A-OT (n  =  308; 
see Table  1). Figure  1 presents the CONSORT dia-
gram. Data were collected from January 2015 through 
December 2016.

Treatment Engagement, Medication Adherence, and 
Adverse Events

All R-UC participants received the 10-min in-person 
counseling session, 8 weeks of nicotine patches, and re-
ferral to the WTQL at the initial study visit. WTQL data 
showed that 170 participants (54.0%) completed a WTQL 
call; 49 (15.6%) declined services when the WTQL called 
them, and 96 (30.5%) were unreachable. Fifty-one of the 
241 participants who completed the Week 4 follow-up 
call (21.2%) reported that they had downloaded the 
QuitNow WTQL app. Of these 51, self-reported use 
rates in the previous 4 weeks ranged from less than once 
a week (35%) to at least once a day (29.4%).

Among A-OT participants, engagement rates for the 
in-person Cessation-phase counseling sessions were as 
follows: 58.1% attended all three sessions, 20.5% attended 
two, 11.4% attended one, and 10.1% attended none. They 
also completed a mean of 4.4 maintenance-phase coun-
seling calls (SD = 3.2); 60.7% completed ≥4 calls, 21.8% 
completed no calls, and 29.5% completed all eight calls. 
Finally, A-OT participants completed a mean of 4.2 
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Table 1  Participant characteristics

Total sample 
(n = 623)

Recommended usual  
care (n = 315)

Abstinence-optimized  
treatment (n = 308)

Women (%) 357 (57.3) 184 (58.4) 173 (56.2)

Hispanic (%) 21 (3.4) 12 (4.0) 9 (3.0)

White (%) 431 (69.2) 211 (67.0) 220 (71.4)

African-American (%) 161 (25.8) 92 (29.2) 69 (22.4)

Less than high school education (%) 98 (15.7) 53 (16.8) 45 (14.6)

High school education (%) 248 (39.8) 135 (42.9) 113 (36.7)

More than high school education (%) 276 (44.3) 126 (40.0) 150 (48.7)

Married/living with partner (%) 298 (47.8) 149 (47.3) 149 (48.4)

Age (M [SD]) 49.7 (12.7) 49.4 (12.9) 50.0 (12.5)

Cigarettes per day (M [SD]) 16.8 (9.4) 17.1 (9.8) 16.5 (9.0)

Smoke menthol cigarettes (%) 304 (48.8) 161 (51.1) 143 (46.4)

Motivation to quit (M [SD]) 6.4 (1.0) 6.4 (1.0) 6.5 (0.9)

Baseline CO (M [SD]) 17.9 (11.0) 17.9 (11.0) 17.9 (11.0)

FTND Score (M [SD]) 4.8 (2.2) 4.9 (2.2) 4.8 (2.2)

Live with a smoker (%) 295 (47.5) 143 (45.4) 152 (49.4)

History of depression (%) 245 (39.3) 121 (38.4) 124 (40.3)

History of anxiety or panic (%) 161 (25.8) 80 (25.4) 81 (26.3)
Reported no psychiatric history (%) 308 (49.4) 159 (50.5) 149 (48.4)

There were no statistically significant differences between the abstinence-optimized treatment and recommended usual care groups on 
any variable.

CO, carbon monoxide; FTND, Fagerstrom Test of Nicotine Dependence.

Fig. 1  CONSORT diagram.
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(SD = 3.4) medication automated adherence calls (7 or 
11 possible); 24.0% of participants completed none.

More A-OT participants than R-UC participants 
reported using patches every day for the last 7 days at 
Week 4 (71.0% vs. 49.8%), and fewer reported using 
patches on none of the days (9.5% vs. 25.7%; χ2 = 30.02, 
p  <  .001). Similar differences in patch use occurred at 
Week 8 (χ2 = 30.82, p < .001). Among A-OT participants, 
daily patch use in the last 7 days decreased to 52.6% by 
Week 16 and 37.6% by Week 26.

Two-thirds of A-OT participants used mini-lozenges 
in the Preparation phase. By Week 4, only 53.9% reported 
using lozenges in the last 7 days; that declined to 35.7% 
by Week 26. A-OT participants reported using a mean 
5.1 (SD = 3.8) lozenges per day in the Preparation phase, 
and 5.7 (SD = 4.2) lozenges per day at Week 4, which 
decreased to 2.6 (SD = 3.2) lozenges per day by Week 26.

The most common adverse events reported by R-UC 
participants over the course of 8 weeks of nicotine patch 
were: itching/hives (7%), skin rash (6%), headache (5%), 
and vivid dreams (4%). The most common adverse 
events reported by A-OT participants over the course of 
26 weeks of nicotine patch + mini-lozenges were: nausea 
(12%), indigestion (11%), skin rash (11%), itching/hives 
(7%), hiccups (7%), insomnia (6%), and vivid dreams 
(5%).

Cessation Outcome, Misreporting, and Moderation

Abstinence rates were significantly higher among A-OT 
participants than R-UC participants at all follow-up 

time points, for both self-reported and 26-week biochem-
ically confirmed outcomes (see Fig.  2 and Table 2). In 
fact, abstinence rates for the A-OT group are twice those 
of the R-UC group at most time points. Odds ratios 
ranged from 1.95 at Week 4 to 3.09 at Week 16.

Table 2 also shows that the Week 26 biochemically con-
firmed abstinence rates (the primary outcome) for the two 
treatment conditions were substantially lower than the 
self-reported rates. One hundred ninety-two participants 
reported 7-day point-prevalence abstinence at the Week 26 
follow-up call (Fig. 3); all these participants were invited 
to attend an in-person visit for CO confirmation. Of the 
192, 137 attended the CO visit, with both treatment con-
ditions participating at an equivalent rate (71.4% of those 
claiming abstinence in each group). The following varia-
bles were tested as predictors of not confirming self-re-
ported Week 26 abstinence (due to nonattendance or a 
positive CO test): treatment condition, gender, race, edu-
cation, age, cigarettes per day, menthol use, motivation, 
Week 16 self-reported point-prevalence abstinence, living 
with a smoker, anxiety, depression, and income. Income 
was the only significant predictor in a multivariable model 
(OR = 1.30, p =  .001); participants in households earn-
ing less than $20,000 were less likely to biochemically 
verify self-reported abstinence compared to those living in 
households with incomes of $20,000 or more.

Significant moderation of treatment effects was found 
for only race and education and only at Week 16 (race 
OR  =  0.41, 95% CI  =  0.20, 0.84, p  =  .02; education 
OR = 0.49, 95% CI 0.25 0.98, p = .045). Specifically, self-
reported abstinence rates among Whites and non-Whites 

Fig. 2  Mean self-reported 7-day point-prevalence abstinence rates at Weeks 4, 8, 16, 26, 39, and 52, and carbon monoxide (CO)-
confirmed point-prevalence abstinence at Week 26 for the recommended usual care and abstinence-optimized treatments.
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were similar if they received A-OT (50.5% vs. 49.4%); how-
ever, non-Whites had higher abstinence rates than Whites if  
they received R-UC (35.6% vs. 19.0%). A-OT participants 
had higher self-reported abstinence rates than R-UC par-
ticipants across education levels, but those with more than a 
high school education were especially likely to benefit from 
A-OT versus those with a high school education or less 
(57.3% vs. 43.0% abstinent at Week 16, χ2 = 6.29, p = .01). 
There was no significant moderation of the primary out-
come, CO-confirmed 26-week abstinence.

Cost per Quit

Mean estimated payer costs were $138.48/person for 
R-UC and $900.31/person for A-0T (see Table 3). The 

mean cost per biochemically verified quit was $2,295.82 
for R-UC and $5,659.12 for A-OT. The ICER (the 
cost/quit for additional quitters beyond the compari-
son group) was $3,709.15 for self-reported 26-week 
abstinence and $7,789.22 for CO-confirmed 26-week 
abstinence. Therefore, using biochemically confirmed 
abstinence, it cost ~$2,300/quit to get a quit rate of 6% 
with R-UC, but to raise the quit rate from 6% to 16% 
with A-OT, it cost an additional $7,800/quit.

Conclusions

This research represents the first application of MOST 
[37, 38] to evaluate an engineered, optimized smok-
ing cessation treatment. Intervention components that 

Table 2  Seven-day point-prevalence abstinence rates over time for both treatment groups

Abstinence type Time
Recommended  
usual care

Abstinence-optimized 
treatment OR 95% CI p-Value

Self-reported Week 4 28.6 43.8 1.95 1.40, 2.72 <.001

Week 8 23.8 46.4 2.77 1.97, 3.91 <.001

Week 16 24.4 50.0 3.09 2.20, 4.35 <.001

Week 26 18.4 39.3 2.87 1.99, 4.13 <.001

Week 39 18.7 37.0 2.55 1.77, 3.68 <.001

Week 52 16.2 32.8 2.53 1.72, 3.70 <.001
CO-confirmed 

(<6 ppm)
Post-week 26 6.0 15.9 2.95 1.69, 5.14 <.001

CO, carbon monoxide.

Fig. 3  Participant flow for establishing biochemically confirmed abstinence at Week 26.
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produced promising main and/or interaction effects on 
long-term abstinence in prior factorial experiments [23, 
24] were combined to form an A-OT. The A-OT was com-
pared in an RCT with R-UC, which was developed via a 
traditional, informal deductive treatment development 
strategy ([20]; i.e., via an appraisal of extant research and 
consideration of current practice and compatibility with 
use in primary care). Key outcomes included whether 
primary care patients would engage in an optimized 
treatment and whether it would produce higher abstin-
ence rates than the R-UC. Thus, this research addresses 
the relative effectiveness of two treatments that differed 
in both intensity and development strategy but were both 
deemed appropriate for primary care.

A-OT produced self-reported and biochemically con-
firmed abstinence rates that were approximately double 
those produced by the R-UC. While the absolute levels of 
biochemically confirmed abstinence at Week 26 were not 
high for A-OT smokers, it is important to observe that 
this trial was conducted not with “treatment seekers,” 
but with primary care patients who expressed interest in 
quitting smoking when asked about it during clinic vis-
its. More than half  of participants lived with smokers, 
reported low socio-economic status, and/or had posi-
tive psychiatric histories (although those who reported 
a diagnosis of or treatment for psychosis, schizophrenia, 
or bipolar disorder in the last 10  years were excluded 
at screening). Furthermore, this intervention worked 
equally well for all patients; no significant moderators 
of treatment effects (self-reported or biochemically con-
firmed) were found at Week 26.

A-OT was engineered to maximize abstinence rates and 
therefore was more intensive than the R-UC treatment. 
This raises the question of whether smokers are likely to 

engage in such an intensive treatment. Our results sug-
gest that participants were more likely to engage in A-OT 
than in R-UC. Only about half  of participants assigned 
to the R-UC treatment completed a single counseling 
call with the WTQL. This is consistent with research 
reporting that only 30–50% of quitline referrals convert 
to enrollment [32, 39]. On the other hand, 90% of A-OT 
participants completed at least one in-person counseling 
session; >75% attended two to three in-person coun-
seling sessions, and more than half  completed four or 
more counseling calls. While these data reflect treatment 
engagement among those who volunteer for treatment, 
this study does not reflect how willing smokers would be 
to volunteer for the two different types of treatment if  
each were offered under real-world conditions.

While A-OT is, no doubt, cost-effective in absolute 
terms [40, 41], its cost and cost-effectiveness from a 
payer perspective, relative to the R-UC, might limit its 
adoption. However, cheaper but less effective treatments 
can be costly in the long run because healthcare costs 
are ~40% higher for smokers than for non-smokers [42]. 
Studies have shown that smoking cessation treatment 
in primary care clinics lowers healthcare costs within 
18  months of  quitting [43], by at least 10% [44]. As 
the ICER shows, it cost ~$2,300 per quit for the first 
6% of successful biochemically verified quitters with 
R-UC, but $7,800 per quit for the next 10% of biochem-
ically verified quitters with A-OT. These costs must 
be weighed against the costs of  continued smoking by 
more patients.

While cost-effectiveness is clearly relevant from the 
treatment payer’s perspective, many other factors influ-
ence the selection of  a healthcare system-wide cessation 
treatment, including the staffing needed to implement 

Table 3  Cost estimates for the two treatments as delivered

Costs as delivered Recommended usual care Abstinence-optimized treatment

Patches $94.76 (SD = 7.19) $195.05 (SD = 112.82)

In-person counseling $21.96 (SD = 0.00) $68.67 (SD = 30.75)

Fax-to-quit $21.76 (SD = 12.73) –

Mini-lozenges – $536.81 (SD = 278.13)

Phone counseling – $68.79 (SD = 49.21)

Automated adherence calls – $30.00 (SD = 0.00)

Mean cost per participant $138.48 (SD = 14.01) $900.31 (SD = 428.55)

Total cost $43,620.27 $2,77,296.79

Cost per quit
(self-report at 26 weeks)

$752.08 $2,310.81

Cost per quit
(biochemically verified at 26 weeks)

$2,295.82 $5,659.12

Incremental cost per quit
(self-report at 26 weeks)

$3,709.15

Incremental cost per quit (biochemically verified 
at 26 weeks)

$7,789.22
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an intensive intervention, downstream health effects, 
and costs of  continued smoking. One response to the 
lower cost-effectiveness of  the A-OT would be to gen-
erate an additional optimized treatment, one based on 
the earlier factorial experiments [23, 24] and that selects 
intervention components based on their cost-effective-
ness versus on long-term abstinence per se. It is possible 
that similar abstinence rates could be produced by a 
treatment with fewer and less costly elements. A similar 
approach could be taken to develop a less staff-in-
tensive optimized treatment. This illustrates a virtue 
of  MOST: viz. multiple treatments may be developed 
from the same set of  factorial experiments using dif-
ferent optimization criteria (e.g., long-term abstinence, 
cost-effectiveness, minimal staff  burden). Of  course, 
any new treatment package would need to be evaluated 
in a new RCT.

Another concern regarding this research is the dis-
crepancy between the self-reported and biochem-
ically confirmed 26-week abstinence rates. Studies of 
low-contact treatments, such as quitline and primary 
care smoking treatments, typically do not use biochem-
ical verification [45–47]. This may lead to over-estima-
tion of  abstinence, especially when financial incentives 
are contingent upon reporting abstinence. However, 
biochemical confirmation may be difficult to imple-
ment in real-world studies. Ferguson and colleagues 
[48] tried to verify abstinence in their quitline study, 
but only 52% of  the self-reported quitters provided 
samples for confirmation. Our results are consistent 
with those of  Scheuermann et al. [49] who found that 
among hospitalized smokers who claimed abstinence, 
only 70% returned a saliva sample for biochemical 
confirmation; only 58%–61% of  study participants 
were biochemically confirmed abstinent, and biover-
ification was related to education (i.e., a marker of 
socio-economic status) but not treatment. It should be 
noted that our results might actually underestimate the 
occurrence of  recent smoking since CO has a relatively 
short half-life [50]. While cotinine has a longer half-
life, it would detect the use of  NRT which would have 
occurred in close proximity to the 26-week follow-up. 
Taken together, these results suggest that biochemical 
confirmation may be vital to an accurate assessment 
of  abstinence rates in real-world effectiveness studies. 
It may be especially important for studies that occur 
in clinical settings where patients may be concerned 
about providers’ reactions to their relapse.

Two additional limitations of this research are that, 
first, treatment was provided by research staff  embedded 
within the primary care clinics rather than by existing 
clinic personnel. It is unknown whether this intervention 
would be similarly effective when delivered by healthcare 
system employees outside of a research context. Future 
research is needed to address the effects of translating 

this optimized treatment into standard clinical practice 
where treatment is provided by clinic staff  and where 
its effectiveness is gauged in a broader sample of pri-
mary care patients (i.e., those with serious mental illness, 
those not interested in participating in a research study). 
Second, we conducted basic cost-effectiveness analyses 
using only the payer’s costs for providing treatment. 
Further cost-effectiveness and cost–benefit analyses are 
needed to understand the full economic costs and bene-
fits of the two treatments.

This study demonstrates that a treatment engineered 
using the methodologically principled MOST pro-
duced significantly higher long-term smoking abstin-
ence rates than did a treatment intended to represent 
somewhat intensive evidence-based clinical care. This 
is the first program of research to investigate the ef-
fectiveness of  individual treatment components using 
efficient factorial experiments, assemble an optimized 
integrated treatment package based on the results, and 
then compare the performance of  the optimized treat-
ment package to a high level of  standard care. While 
the MOST-engineered treatment produced signifi-
cantly higher abstinence rates than did the traditionally 
designed comparison treatment, and produced higher 
rates of  treatment engagement, it was clearly more ex-
pensive. A future step in our research program is to de-
velop a new smoking treatment designed to optimize 
effectiveness while controlling costs.

Although A-OT self-reported and 26-week biochem-
ically confirmed abstinence rates were double those of 
R-UC, they were still fairly low, especially the biochem-
ically confirmed rate. This finding shines light on the 
need to increase treatment reach and initial engagement 
in primary care [51, 52]. That is, the modest effectiveness 
of even an optimized, relatively intense treatment sug-
gests that the most likely route to significant reductions 
in primary care smoking prevalence is engaging more 
smokers in treatment. In the current study, smokers were 
recruited during their primary care visits when they were 
not seeking cessation treatment, thereby demonstrating 
one way to expand reach. Further, these abstinence rates 
were obtained among smokers who had high levels of 
risk factors for treatment failure (e.g., low socio-eco-
nomic status, psychiatric history). Therefore, the A-OT 
is a viable option for use by healthcare systems that 
are interested in reducing smoking prevalence in their 
patient populations.
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