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ABSTRACT

Background: Pharmacologic options for supporting smoking cessation remain limited. Cytisinicline is 
a plant-based alkaloid that selectively binds to α4β2 nicotinic acetylcholine receptors, reducing nico-
tine craving and withdrawal symptoms, and has proven effective for smoking cessation in the phase III 
ORCA-2 and ORCA-3 trials, with a favorable safety profile. Using data from randomized clinical tri-
als, we performed an indirect treatment comparison of varenicline, a guideline-recommended partial 
agonist of the nicotinic acetylcholine receptor used as first-line pharmacotherapy for tobacco cessation, 
vs cytisinicline for smoking cessation. 

Objectives: This analysis was designed to compare the efficacy and safety of cytisinicline vs varenicline us-
ing pooled data from the cytisinicline ORCA-2 and ORCA-3 trials, and the EAGLES trial of varenicline. 

Methods: ORCA-2 (conducted from October 2020 to December 2021), ORCA-3 (May 2023–March 
2024), and EAGLES (November 2011–January 2015) enrolled adults who smoked at least 10 cig-
arettes daily and were motivated to quit. A matching-adjusted indirect treatment comparison was 
employed to adjust for patient population differences between the ORCA (cytisinicline) and EAGLES 
(varenicline) studies. Propensity score weighting was used to align patient characteristics, then efficacy 
outcomes, continuous smoking abstinence rate at Weeks 9-12 and Weeks 9-24, and safety outcomes, 
including treatment discontinuation due to adverse events, were assessed. Adjusted and unadjusted 
analyses (a standard Bucher and the Mantel-Haenszel approach) were performed.

Results: There was no statistically significant difference in continuous abstinence between the cytisini-
cline and varenicline cohorts at the 9- to 12-week assessment (adjusted OR, 1.33; 95% CI, 0.86-2.05). 
Patients prescribed cytisinicline had higher odds of abstinence vs varenicline at the 9- to 24-week as-
sessment (adjusted OR, 1.95; 95% CI, 1.13-3.34). Cytisinicline was associated with 82% lower odds 
of nausea vs varenicline (adjusted OR, 0.18; 95% CI, 0.10-0.31).

Conclusion: Cytisinicline may be an effective and more tolerable alternative, especially for patients at 
risk of relapse or unable to tolerate varenicline.

INTRODUCTION

Cigarette smoking remains the leading cause of preventable disease, 
disability, and death in the United States, responsible for over 480 000 
deaths annually.1 For every day a smoker continues, their life expec-
tancy is shortened by an estimated 4 to 6 hours.2,3

Attempting to quit smoking without pharmacologic or nicotine 
replacement support has a high failure rate of around 95%, mainly due 
to the associated nicotine withdrawal symptoms and cravings.4 Nic-
otine replacement therapy and the pharmacologic agents varenicline 

and bupropion have been shown to reduce withdrawal symptoms, and 
their use is associated with improved smoking cessation success rates 
compared with unsupported quit attempts.5-11 Beyond reducing with-
drawal, smoking cessation pharmacotherapies can reduce cravings and 
block the perceived reward from smoking.12,13

Treatment Options and Unmet Needs for Smoking Cessation
Before successfully quitting cigarette smoking, people often have sev-
eral failed attempts, with almost 80% of those who try to quit relapsing 
within 6 months.14,15 Treatment failure can undermine the motivation 
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to try quitting again.16-18 For those experiencing failure to quit smok-
ing, access to effective pharmacologic support can be critical for future 
success.19 Current treatments vary in their mode of action and adverse 
event profiles; new treatments are needed to offer effective and tolerable 
support to people in their efforts to quit smoking.19

Even with pharmacologic support, successful quit rates vary from 
approximately 20%6 with bupropion, transdermal nicotine, or nicotine 
gum to 14.4% to 44.0% with varenicline.5-11,20-23 However, varenicline 
is associated with a number of troublesome side effects, commonly 
including nausea and vomiting, weight gain, dizziness, headache, and 
sleep disturbances (in ≥1% of clinical trial participants), leading to 
treatment discontinuation (in 2%-53%) and relapse (in 25%).24,25

Cytisinicline for Smoking Cessation
Cytisinicline is a highly selective, partial agonist of α4β2 nicotinic 
acetylcholine receptors (naChR) and has been shown to reduce crav-
ings and withdrawal symptoms among individuals attempting to quit 
smoking.26,27 Historically, cytisinicline has been used for smoking ces-
sation in Central and Eastern Europe, with 6 times daily dosing and 
down-titration over a 25-day treatment period. More recently, analyses 
of cytisinicline pharmacokinetics have enabled the development of a 
novel formulation and dosing regimen of 3 mg, 3 times a day (tid) 
for 6 or 12 weeks, to optimize efficacy while minimizing side effects 
and daily dosing burden.26 Phase III evaluations of this regimen in 
the Ongoing Research of Cytisinicline for Addiction (ORCA)-2 and 
ORCA-3 clinical trials have demonstrated the efficacy of cytisinicline 
as a smoking cessation treatment.26,27 ORCA-2 was a phase III, ran-
domized, double-blind clinical trial that compared cytisinicline 3 mg 
tid, over 6 or 12 weeks, with placebo.26 ORCA-3 was a replica phase 
III study conducted to confirm the results of ORCA-2.27 Both the 6- 
and 12-week cytisinicline regimens were more effective than placebo 
in terms of higher continuous smoking abstinence rates, extended 
through to Week 24 in ORCA-3.27

While head-to-head clinical studies with varenicline have been 
conducted with the historical cytisine formulation using a 1.5 mg tab-
let administered in a 25-day downward titration regimen,28-30 no stud-
ies, to date, have directly compared varenicline with the novel cytisini-
cline formulation evaluated in the ORCA program (3 mg tid for 12 
weeks), which is currently under regulatory review by the US Food and 
Drug Administration. In the absence of large head-to-head randomized 
controlled trials (RCTs), indirect treatment comparisons (ITCs) can 
offer insights into the relative safety and efficacy of treatments. Spe-
cifically, matching-adjusted indirect comparisons (MAICs) adjust for 
differences in patient populations across trials to provide meaningful 
comparisons relevant for clinical decision-making.31,32

This analysis was undertaken to compare the safety and efficacy of 
cytisinicline 3 mg tid with that of varenicline using pooled data from 
2 large phase III trials of cytisinicline, ORCA-226 and ORCA-3,27 and 
the EAGLES phase IV trial of varenicline.33 Varenicline was chosen 
as the comparator because it is also a partial agonist at the nicotinic 
acetylcholine receptor,5 is recommended as a first-line treatment across 
major international and national guidelines on smoking cessation,11,34 
and has been studied in a large, recent, well-characterized phase IV trial 
(EAGLES).33  

METHODS

Trials Overview and Participants
Efficacy and safety data were pooled from the 2 phase III trials of cytisini-
cline 3 mg tid, the ORCA-2 and ORCA-3 studies, and the nonpsychiat-
ric cohort from the most recent and largest phase IV trial of varenicline, 
the EAGLES study.26,27,33 The full inclusion and exclusion criteria for 

ORCA-2 (conducted October 2020–December 2021), ORCA-3 (con-
ducted May 2023–March 2024), and EAGLES (conducted November 
2011–January 2015) have been described previously.26,27,33,35 In ORCA-2 
and ORCA-3, adults from the US aged 18 years and older were eligible 
if they currently smoked at least 10 cigarettes per day, had expired air 
carbon monoxide (CO) levels at least 10 ppm, and were ready to set a 
date to quit smoking. Individuals were excluded if they used any non- 
cigarette tobacco product, electronic cigarettes, medication, or marijuana 
in the 28 days (ORCA-2) or 14 days (ORCA-3) prior to randomiza-
tion, or planned to use them during the trial.26,27 In EAGLES, adults 
aged 18 to 75 years were eligible if they smoked an average of at least 
10 cigarettes per day during the last 12 months and during the month 
before the screening visit, had an exhaled CO greater than 10 ppm at 
screening, and were motivated to quit smoking.33 The EAGLES study 
included patients with/without psychiatric disorders, to assess neuropsy-
chiatric safety risks of varenicline use. Because participants with a cur-
rent psychosis or a recent psychotic episode were excluded in the ORCA 
studies, the nonpsychiatric cohort from the EAGLES study was used in 
the analysis reported here. Smokers with unstable psychiatric disorders or 
with current, active substance abuse were excluded from the secondary 
analysis of the EAGLES study due to small sample size and modeling 
interference.35 Several adjusted comparisons of the relative efficacy and 
safety of cytisinicline monotherapy (3 mg tid for 12 weeks) to varenicline 
monotherapy (1 mg twice daily for 12 weeks) were performed. The anal-
yses used de-identified data under data use agreements.

Efficacy and Safety Outcomes
The primary efficacy outcome was the biochemically confirmed con-
tinuous smoking abstinence rate from Weeks 9-12 and Weeks 9-24. 
Abstinence was defined as self-reported smoking cessation confirmed 
by expired CO levels. Safety outcomes included the treatment discon-
tinuation rate due to treatment-emergent adverse events (TEAEs). The 
differences in occurrence of the 3 most reported TEAEs for both treat-
ments (nausea, insomnia, and abnormal dreams) were also evaluated 
separately. In ORCA-2 and ORCA-3, safety was assessed at weekly vis-
its during treatment (Weeks 1-12), and through an additional 12-week 
follow-up, by measurement of vital signs and participant self-report of 
adverse events and concomitant medications. Hematology and chem-
istry laboratory tests were conducted at Weeks 1, 6, and 12. Electrocar-
diograms were conducted at Weeks 6 and 12. Adverse events of abnor-
malities considered clinically significant were followed until resolution 
or end of study.26,27 In EAGLES, the primary safety outcome was a 
composite neuropsychiatric assessment; emergence of adverse events 
was assessed with open-ended questions, direct observation, and a 
semi-structured Neuropsychiatric Adverse Events Interview, completed 
at all study visits (up to 15 face-to-face visits and 11 telephone visits 
during the 24-week trial) by trained interviewers.33

Assessment of Smoking Status
In the ORCA trials, smoking status was assessed weekly at Weeks 2-12 
and defined as self-report of smoking abstinence since last visit.26,27 
Self-reported abstinence at Weeks 16, 20, and 24 used the Russell Stan-
dard criteria of not smoking >5 cigarettes between Weeks 16 and 24. 
A breath CO <10 parts per million was required to confirm abstinence 
at each visit. 

In the EAGLES trial, smoking cessation was defined as contin-
uous abstinence for Weeks 9-12, self-reported and confirmed with an 
exhaled CO <10 parts per million. Smoking abstinence for Weeks 9-24 
was similarly defined.33 Smoking abstinence was assessed weekly using 
a structured questionnaire at all clinic visits and telephone contacts (up 
to 15 face-to-face visits and 11 telephone calls took place during the 
24-week trial).33
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Statistical Analyses
All efficacy results are reported as odds ratios (ORs). The primary 
analysis employed propensity score weighting to adjust selected covari-
ates (race and cigarettes smoked per day in the past 30 days) in the 
pooled ORCA studies to match the EAGLES nonpsychiatric cohort. 
Unadjusted analyses used inverse-variance weighting for outcomes in 
both the pooled ORCA and the EAGLES nonpsychiatric cohort (ie, 
a standard Bucher analysis).36 Unadjusted ITCs of all outcomes were 
also conducted using the Mantel-Haenszel approach for dichotomous 
outcomes. This approach was selected as the preferred methodology for 
low-incidence events to reduce bias.37 

The efficacy and safety outcomes were adjusted by reweighting the 
pooled ORCA data to align with the summary statistics of the nonpsy-
chiatric EAGLES cohort. This adjustment was undertaken to account 
for differences in patient populations across trials thereby enabling 
meaningful comparisons and was based on prespecified treatment 
effect modifiers (see below) identified through a review of the literature 
regarding potential modifiers in the ORCA and EAGLES trials.37 

Identifying treatment effect modifiers can prove to be challeng-
ing, particularly in analyses of novel therapies. In the primary analy-
sis presented here, only variables that have indicated a potential to be 
treatment effect modifiers in previous analyses of varenicline or cytis-
inicline were considered.26,27,35 In secondary adjusted analyses, addi-
tional conceptually distinct variables reported by both the EAGLES 
nonpsychiatric cohort and the ORCA studies that demonstrated a 
strong prognostic effect or less convincing evidence of effect modi-
fier status26,27,35 were also considered. Treatment effect modifiers were 
prespecified through a review of the published literature and clinical 
study reports from ORCA-2 and ORCA-3; these included age, race, 
and the Hospital Anxiety and Depression Scale (HADS; Table 1). The 
identification of treatment effect modifiers was informed by previous 
studies, including stepwise logistic regression analyses of the EAGLES 
study and neuropsychiatric adverse event data.35 Age, race, and the 
HADS were selected as treatment effect modifiers based on their estab-
lished roles as prognostic factors and potential treatment effect modi-
fiers in smoking cessation. Among older individuals (aged ≥60 years), 
those highly dependent on nicotine have poorer cessation outcomes 
than younger individuals (aged <60 years). However, among smokers 
unmotivated to quit, older individuals had better outcomes.38 Differ-
ences in quit rates across racial/ethnic groups may reflect economic and 
social determinants of health, including access to healthcare.39 Anxiety 
symptoms may be associated with increased nicotine dependence and 
increased risk of relapse.40

To address potential systematic bias due to study-level differences 
in treatment effect modifiers, propensity score weighting was used on 
individual patient data from the pooled ORCA studies. This approach 
matched the distribution of relevant treatment effect modifiers to the 
most comparable cohort in the EAGLES study, referred to as a MAIC. 
MAIC allows for the comparison of efficacy and safety across studies 
without assuming a fixed outcome scale, which reduces bias when ana-
lyzing nonlinear outcomes with aggregate data.

Three sets of potential treatment effect modifiers were considered. 
Each successive set includes additional potential treatment effect mod-
ifiers with less convincing evidence of effect modifier status in previous 
analyses (Table 1):

Set 1: Race, cigarettes per day in the last 30 days: This set 
included only the variables with the strongest evidence of effect 
modifier status for both varenicline and cytisinicline.
Set 2: Set 1 + HADS anxiety score:41 This set included the poten-
tial effect modifiers of Set 1 in addition to the HADS anxiety 
score. The HADS anxiety score demonstrated the most potential 
as a treatment effect modifier in an analysis of neuropsychiatric 
adverse events in the EAGLES nonpsychiatric cohort, although 
there was very little evidence suggesting that potential effect mod-
ification existed in the current analysis.
Set 3: Set 2 + age + HADS depression score:41 This set included 
all the potential effect modifiers of Set 2, in addition to age and 
the HADS depression score. Age and HADS depression score 
demonstrated significant prognostic effects in an analysis of 
potential treatment effect modifiers of the continuous smoking 
abstinence rate at Weeks 9-24 in the entire EAGLES cohort. Fur-
thermore, these were conceptually distinct measures when com-
pared with already included potential effect modifiers.

To select propensity score weights for a given set, a logistic regres-
sion model using all selected treatment effect modifiers in that set was 
used. The standard error of the reweighted log OR (LOR) was esti-
mated using a robust sandwich estimator. In the case of linear out-
come models, MAICs are “doubly robust,” meaning the estimator is 
consistent if either the propensity score model or the outcome model 
is correctly specified. However, because this doubly robust property 
of MAICs does not generally hold for nonlinear outcome models, no 
outcome regression was performed on the reweighted data.42

This analysis used the traditional frequentist inverse-variance 
approach to compare efficacy and safety outcomes without adjustment 
for population-level differences. The treatment effect for pooled ORCA 
data was the pooled LOR of both ORCA trials using inverse-variance 
weighting. The comparisons were implemented in R using the package 
‘netmeta.’43 The ‘netmeta’ package uses the graph-theoretical approach 
for network meta-analyses. This has been shown to be equivalent to 
the frequentist approach of least squares regression (ie, inverse-vari-
ance weighting).44 The LOR reported in the primary publication for 
EAGLES in the nonpsychiatric cohort was used to compare against the 
pooled cytisinicline LOR.

An additional analysis was conducted in which relative safety and 
efficacy comparisons were made using the Mantel-Haenszel approach 
to network meta-analyses. The Mantel-Haenszel approach has been 
shown to be less biased in cases where the rate of events is low.37 This 
may be particularly relevant for safety outcomes, because some safety 
outcomes are uncommon. For a given outcome, the observed number 
of events for each ORCA study, along with the observed number of 

Table 1. Prespecified Treatment Effect Modifiers26,27,35

Treatment Effect Modifier Set

Race } Set 1 } Set 2 } Set 3

Cigarettes smoked per day in the last month

HADS anxiety score

Age

HADS depression score
Abbreviation: HADS, Hospital Anxiety and Depression Scale.
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events in the EAGLES study, were used as the input data. In cases 
where only the rate of events was reported, the numeric outcome 
count was approximated by multiplying the reported rate by the size 
of the relevant treatment arm. The implementation used the R package 
‘netmeta’ and specifically used the function ‘netmetabin.’43

RESULTS

Efficacy Analyses
Continuous smoking abstinence rate Weeks 9-12 (unadjusted): 

For the continuous smoking abstinence rate Weeks 9-12 outcome, ORs 
(95% CI) for cytisinicline vs varenicline ranged from 1.30 (0.83-2.02) 
for inverse variance to 1.32 (0.87-2.02) for Mantel-Haenszel, with no 
significant differences (Table 2).

Continuous smoking abstinence rate Weeks 9-12 (adjusted): 
The adjusted ORs (aORs) for cytisinicline vs varenicline were consis-
tent across all three sets of treatment effect modifiers (Set 1, Set 2, 
Set 3), with aORs ranging from 1.32-1.33, indicating no significant 
difference between the 2 treatments (Table 3).

Continuous smoking abstinence rate Weeks 9-24 (unad-
justed): Both unadjusted models showed statistically significant results 
(inverse variance: OR, 1.85; 95% CI, 1.06-3.24; Mantel-Haenszel: 
OR, 1.92; 95% CI, 1.14-3.24), indicating superior efficacy of cytisini-
cline over varenicline for longer-term smoking abstinence.

Continuous smoking abstinence rate Weeks 9-24 (adjusted): 
Cytisinicline demonstrated a superior efficacy profile compared with 
varenicline, with aORs ranging from 1.90 to 2.13 across the three 
sets of treatment effect modifiers. Statistically significant results were 
observed for Set 1 (aOR, 1.95; 95% CI, 1.13-3.34), Set 2 (aOR, 2.13; 
95% CI, 1.23-3.69), and Set 3 (aOR, 1.90; 95% CI, 1.05-3.44), sug-
gesting that cytisinicline was superior to varenicline in promoting lon-
ger-term smoking abstinence over Weeks 9-24.

Safety Analyses
Unadjusted safety results: The unadjusted safety results are pre-

sented in Table 4. The unadjusted analysis demonstrated that cytisini-
cline was associated with significantly lower odds of nausea compared 
with varenicline (OR, 0.17; 95% CI, 0.10-0.31 for inverse-variance, 
OR, 0.17; 95% CI, 0.10-0.30 for Mantel-Haenszel).

Adjusted safety results: The adjusted safety results are summa-
rized in Table 5. For all-cause treatment discontinuations, the number 

of subjects with TEAEs, and TEAEs of insomnia and abnormal dreams, 
no significant differences were observed for cytisinicline compared with 
varenicline. The aORs for these outcomes ranged from 0.78 to 0.89 
for all-cause discontinuations, 0.78 to 0.88 for the number of subjects 
with TEAEs, and 0.84 to 1.43 for insomnia and abnormal dreams. 
A statistically significant difference was observed for nausea, where 
cytisinicline showed significantly lower odds of nausea compared with 
varenicline (Set 1: aOR, 0.18; 95% CI, 0.10-0.31; Set 2: aOR, 0.16; 
95% CI, 0.09-0.29; Set 3: aOR, 0.13; 95% CI, 0.07-0.26). 

Discontinuations due to TEAEs (Tables 4 and 5) showed some 
variability across treatment effect modifiers, likely due to the low event 
rates in these outcomes, resulting in higher variance and uncertainty. 
Despite this, no outcome was found to change in directionality or 
significance due to adjusting for differences in investigated treatment 
effect modifiers.

DISCUSSION

Cytisinicline 3 mg tid showed no statistically significant difference 
in efficacy compared with varenicline for smoking cessation after 12 
weeks of treatment (Weeks 9-12), with significantly greater efficacy for 
maintaining longer-term smoking cessation at Weeks 9-24. This was 
demonstrated across all three sets of treatment effect modifiers inves-
tigated using the MAIC and unadjusted analyses. These analyses, over 
the extended time frame considered in the current analysis, suggest that 
cytisinicline may offer a longer-lasting effect in maintaining smoking 
cessation when compared with varenicline, and potentially indicates 
that cytisinicline is more effective in reducing the risk of later relapses.

The safety profiles of both treatments were similar across all 
three sets of treatment effect modifiers investigated, except for nau-
sea. Nausea, a common adverse event associated with varenicline, was 
much less common among participants treated with cytisinicline. This 
finding was consistent across all three sets of treatment effect modifi-
ers investigated. This is an important finding differentiating between 
cytisinicline and varenicline, given the impact that nausea can have 
on a patient’s adherence to treatment for a possible successful out-
come. The tolerability of a smoking cessation medication plays a 
critical role in patient adherence and the overall effectiveness of the 
prescribed regimen.45 Adverse events associated with varenicline con-
tribute to a 1.5-fold higher discontinuation rate than placebo; in the 
meta-analysis conducted by Drovandi et al, 9.13% of participants in 

Table 2. Unadjusted Efficacy Results for Cytisinicline vs Varenicline

Continuous Smoking Abstinence Rate, Weeks Cytisinicline vs Vareniclinea, OR (95% CI)

Inverse Variance Mantel-Haenszel

9-12 1.30 (0.83-2.02) 1.32 (0.87-2.02)

9-24 1.85 (1.06-3.24)* 1.92 (1.14-3.24)*
Abbreviations: CI, confidence interval; OR, odds ratio.
*P < .05.
aNonpsychiatric cohort.

Table 3. Adjusted Efficacy Results for Cytisinicline vs Varenicline

Continuous Smoking Abstinence Rate, Weeks Cytisinicline vs Vareniclinea, aOR (95% CI)

Set 1 (Primary) Set 2 Set 3

9-12 1.33 (0.86-2.05) 1.32 (0.84-2.09) 1.32 (0.80-2.18)

9-24 1.95 (1.13-3.34)* 2.13 (1.23-3.69)* 1.90 (1.05-3.44)*
Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; HADS, Hospital Anxiety and Depression Score.
Note: Selected treatment effect modifiers Set 1 (race, cigarettes per day in the last 30 days), Set 2 (Set 1 + HADS anxiety score), and Set 3 (Set 2 + age + HADS 
depression score).
*P < .05.
aNonpsychiatric cohort.
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the varenicline group, compared with 4.75% in the placebo group, had 
adverse effects, prompting dose reduction or temporary withdrawal.24 

Catz et al reported similar findings from the COMPASS smoking ces-
sation intervention trial, including which factors may influence smok-
ers’ adherence to varenicline.25 This study demonstrated that one of the 
most frequent reasons for stopping varenicline early was having adverse 
events with this treatment.25 Over half of smokers (52%) in the study 
who were no longer taking varenicline at the 21-day follow-up indi-
cated that the reason for stopping was due to adverse events.25

Challenges of using MAIC include the risk of overmatching when 
adjusting for baseline characteristics. This risk was mitigated by prespec-
ifying potential effect modifiers identified as significant or potentially 
impactful in prior studies. Also reported was the estimated effective 
sample size for the adjusted analyses to enable assessment of the risk of 
inflated uncertainty. A limitation of this analysis is that this comparison 
was not part of a head-to-head RCT and relied on an indirect compari-
son between the two treatments. Conducting head-to-head RCTs pres-
ents challenges, including the inability to blind treatments, trial costs, 
and comparator choice, especially in an evolving treatment landscape. 
As a result, the use of existing, comparative data from ITCs has been 
shown to represent a valuable resource, resulting in clinical insights 
that reflect current practice.46-48 A notable limitation of standard ITC 
methods is the assumption of homogeneity in treatment effect modi-
fiers. In the primary analysis, this was addressed by adjusting for rele-
vant treatment effect modifiers, enabling a comparison of cytisinicline’s 
estimated treatment effect against the reported effect of varenicline 
in the EAGLES nonpsychiatric cohort. The adjusted and unadjusted 
efficacy analyses showed consistent results across both outcomes. Fur-
thermore, the amount of uncertainty around the results was similar in 

both analyses, indicating that the populations under investigation (the 
pooled ORCA data and the EAGLES nonpsychiatric cohort) were suf-
ficiently comparable, and that treatment effect modifiers had minimal 
influence on the results.

CONCLUSIONS

In this indirect comparison of efficacy and safety for cytisinicline 
compared with varenicline, cytisinicline exhibited a lower risk of later 
relapse during the post-treatment phase. Additionally, the safety pro-
file of cytisinicline included a lower incidence of nausea vs varenicline, 
suggesting that cytisinicline may represent a more tolerable option 
for smoking cessation. This improved tolerability could enhance 
patient adherence, supporting the overall success of smoking cessation 
efforts. Future research or head-to-head RCTs should seek to further 
validate these findings and strengthen the case for cytisinicline as a 
long-term solution for smoking cessation, especially for individuals at 
an increased risk of relapse or those who had nausea from alternative 
medications.
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Table 4. Unadjusted Safety Results for Cytisinicline vs Varenicline

Outcome Cytisinicline vs Vareniclinea, OR (95% CI)

Inverse Variance Mantel-Haenszel 

All-cause treatment discontinuations 0.80 (0.53-1.21) 0.80 (0.53-1.21)

Any TEAEb 0.84 (0.61-1.15) 0.84 (0.61-1.15)

Discontinuations due to TEAEs 1.00 (0.41-2.44) 1.00 (0.41-2.45)

Insomnia 1.35 (0.78-2.35) 1.36 (0.78-2.35)

Abnormal dreams 0.81 (0.42-1.57) 0.82 (0.43-1.59)

Nausea 0.17 (0.10-0.31)* 0.17 (0.10-0.30)*
Abbreviations: CI, confidence interval; OR, odds ratio; TEAE, treatment-emergent adverse event.
*P < .001.
aNonpsychiatric cohort.
bTotal number of subjects with at least 1 adverse event.

Table 5. Adjusted Safety Results for Cytisinicline vs Varenicline

Outcome Cytisinicline vs Vareniclinea,  aOR (95% CI)

Set 1 (Primary) Set 2 Set 3

All-cause treatment discontinuations 0.78 (0.51-1.19) 0.89 (0.58-1.38) 0.84 (0.51-1.37)

Any TEAEsb 0.84 (0.61-1.16) 0.88 (0.63-1.22) 0.78 (0.54-1.15)

Discontinuations due to TEAEs 1.01 (0.41-2.47) 1.18 (0.46-3.00) 0.62 (0.23-1.71)

Insomnia 1.28 (0.72-2.26) 1.43 (0.79-2.58) 1.20 (0.62-2.31)

Abnormal dreams 0.87 (0.45-1.68) 0.91 (0.45-1.82) 0.84 (0.39-1.79)

Nausea 0.18 (0.10-0.31)* 0.16 (0.09-0.29)* 0.13 (0.07-0.26)*
Abbreviations: aOR, adjusted odds ratio; CI, confidence interval; HADS, Hospital Anxiety and Depression Scale; TEAE, treatment-emergent adverse event.
Note: Selected treatment effect modifiers Set 1 (race, cigarettes per day in the last 30 days), Set 2 (Set 1 + HADS anxiety score), and Set 3 (Set 2 + age + HADS 
depression score).
*P <.001.
aNonpsychiatric cohort.
bTotal number of subjects with at least 1 adverse event.



187Rubinstein M, et al.

JOURNAL OF HEALTH ECONOMICS AND OUTCOMES RESEARCH

Funding: Primary funding was provided by Achieve Life Sciences. 

Meeting Presentation: A poster based on this study was presented at the Ameri-
can Thoracic Society 2026 International Conference in Orlando, Florida.

REFERENCES

1.	 US Department of Health and Human Services. The Health Con-
sequences of Smoking: 50 Years of Progress. A Report of the Surgeon 
General. Atlanta: US Department of Health and Human Services, 
Centers for Disease Control and Prevention, National Center for 
Chronic Disease Prevention and Health Promotion, Office on 
Smoking and Health, 2014.

2.	 Doll R, Peto R, Boreham J, et al. Mortality in relation to 
smoking: 50 years’ observations on male British doctors. BMJ. 
2004;328(7455):1519. doi:10.1136/bmj.38142.554479.AE

3.	 Jha P, Ramasundarahettige C, Landsman V, et al. 21st-century 
hazards of smoking and benefits of cessation in the United 
States. N Engl J Med. 2013;368(4):341-350. doi:10.1056/
NEJMsa1211128

4.	 Hughes JR, Keely J, Naud S. Shape of the relapse curve and 
long-term abstinence among untreated smokers. Addiction. 
2004;99(1):29-38. doi:10.1111/j.1360-0443.2004.00540.x

5.	 Cahill K, Stevens S, Perera R, et al. Pharmacological interven-
tions for smoking cessation: an overview and network meta-anal-
ysis. Cochrane Database Syst Rev. 2013;2013(5):Cd009329. 
doi:10.1002/14651858.CD009329.pub2

6.	 Eisenberg MJ, Filion KB, Yavin D, et al. Pharmacotherapies for 
smoking cessation: a meta-analysis of randomized controlled tri-
als. CMAJ. 2008;179(2):135-144. doi:10.1503/cmaj.070256

7.	 Gonzales D, Rennard SI, Nides M, et al. Varenicline, an α4β2 
nicotinic acetylcholine receptor partial agonist, vs sustained-re-
lease bupropion and placebo for smoking cessation: a random-
ized controlled trial. JAMA. 2006;296(1):47-55. doi:10.1001/
jama.296.1.47

8.	 Hartmann-Boyce J, Chepkin SC, Ye W, et al. Nicotine replace-
ment therapy versus control for smoking cessation. Cochrane 
Database Syst Rev. 2018;5(5):Cd000146. doi:10.1002/14651858.
CD000146.pub5

9.	 Huang Y, Li W, Yang L, et al. Long-term efficacy and safety 
of varenicline for smoking cessation: a systematic review and 
meta-analysis of randomized controlled trials. J Public Health. 
2012;20(4):355-365. doi:10.1007/s10389-011-0476-5

10.	 Hughes JR, Stead LF, Hartmann-Boyce J, et al. Antidepres-
sants for smoking cessation. Cochrane Database Syst Rev. 
2014(1):Cd000031. doi:10.1002/14651858.CD000031.pub4

11.	 Leone FT, Zhang Y, Evers-Casey S, et al. Initiating pharmacologic 
treatment in tobacco-dependent adults: an official American Tho-
racic Society Clinical Practice Guideline. Am J Respir Crit Care 
Med. 2020;202(2):e5-e31. doi:10.1164/rccm.202005-1982ST

12.	 Weeks GR, Gobarani RK, Abramson MJ, et al. Varenicline and 
nicotine replacement therapy for smokers admitted to hospitals: a 
randomized clinical trial. JAMA Netw Open. 2024;7(6):e2418120. 
doi:10.1001/jamanetworkopen.2024.18120

13.	 Brandon TH, Drobes DJ, Unrod M, et al. Varenicline effects on 
craving, cue reactivity, and smoking reward. Psychopharmacology 
(Berl). 2011;218(2):391-403. doi:10.1007/s00213-011-2327-z

14.	 Zhou X, Nonnemaker J, Sherrill B, et al. Attempts to quit smok-
ing and relapse: factors associated with success or failure from the 
ATTEMPT cohort study. Addict Behav. 2009;34(4):365-373. 
doi:10.1016/j.addbeh.2008.11.013

15.	 Crabb AB, Allen J, Taylor G. What if I fail? Unsuccessful 
smoking cessation attempts and symptoms of depression and 
anxiety: a systematic review and meta-analysis. BMJ Open. 
2025;15(5):e091419. doi:10.1136/bmjopen-2024-091419

16.	 Kasza KA, Hyland AJ, Borland R, et al. Effectiveness of stop-smok-
ing medications: findings from the International Tobacco Control 
(ITC) Four Country Survey. Addiction. 2013;108(1):193-202. 
doi:10.1111/j.1360-0443.2012.04009.x

17.	 Jackson SE, West R, Brown J. If at first you don’t succeed, 
when should you try again? A prospective study of failed quit 
attempts and subsequent smoking cessation. Addict Behav. 
2020;106:106366. doi:10.1016/j.addbeh.2020.106366

18.	 Jardin BF, Cropsey KL, Wahlquist AE, et al. Evaluating the effect 
of access to free medication to quit smoking: a clinical trial test-
ing the role of motivation. Nicotine Tob Res. 2014;16(7):992-999. 
doi:10.1093/ntr/ntu025

19.	 Lengel D, Kenny PJ. New medications development for 
smoking cessation. Addict Neurosci. 2023;7. doi:10.1016/j.
addicn.2023.100103

20.	 Cahill K, Stead LF, Lancaster T. Nicotine receptor partial 
agonists for smoking cessation. Cochrane Database Syst Rev. 
2012;4:Cd006103. doi:10.1002/14651858.CD006103.pub6

21.	 Rennard S, Hughes J, Cinciripini PM, et al. A randomized pla-
cebo-controlled trial of varenicline for smoking cessation allow-
ing flexible quit dates. Nicotine Tob Res. 2012;14(3):343-350. 
doi:10.1093/ntr/ntr220

22.	 Tashkin DP, Rennard S, Hays JT, et al. Effects of varenicline on 
smoking cessation in patients with mild to moderate COPD: 
a randomized controlled trial. Chest. 2011;139(3):591-599. 
doi:10.1378/chest.10-0865

23.	 Wu P, Wilson K, Dimoulas P, et al. Effectiveness of smoking cessa-
tion therapies: a systematic review and meta-analysis. BMC Public 
Health. 2006;6:300. doi:10.1186/1471-2458-6-300

24.	 Drovandi AD, Chen CC, Glass BD. Adverse effects cause 
varenicline discontinuation: a meta-analysis. Curr Drug Saf. 
2016;11(1):78-85. doi:10.2174/1574886311207040282

25.	 Catz SL, Jack LM, McClure JB, et al. Adherence to varenicline in 
the COMPASS smoking cessation intervention trial. Nicotine Tob 
Res. 2011;13(5):361-368. doi:10.1093/ntr/ntr003

26.	 Rigotti NA, Benowitz NL, Prochaska J, et al. Cytisinicline 
for smoking cessation: a randomized clinical trial. JAMA. 
2023;330(2):152-160. doi:10.1001/jama.2023.10042

27.	 Rigotti NA, Benowitz NL, Prochaska JJ, et al. Cytisinicline 
for smoking cessation: the ORCA phase 3 replication random-
ized clinical trial. JAMA Intern Med. 2025;185(6):648-655. 
doi:10.1001/jamainternmed.2025.0628

28.	 Walker N, Smith B, Barnes J, et al. Cytisine versus varenicline 
for smoking cessation in New Zealand indigenous Māori: a ran-
domized controlled trial. Addiction. 2021;116(10):2847-2858. 
doi:10.1111/add.15489

29.	 Courtney RJ, McRobbie H, Tutka P, et al. Effect of cytisine vs 
varenicline on smoking cessation: a randomized clinical trial. 
JAMA. 2021;326(1):56-64. doi:10.1001/jama.2021.7621

30.	 Oreskovic T, Percac-Lima S, Ashburner JM, et al. Cytisine versus 
varenicline for smoking cessation in a primary care setting: a ran-
domized non-inferiority trial. Nicotine Tob Res. 2023;25(9):1547-
1555. doi:10.1093/ntr/ntad065

31.	 Cheng D, Ayyagari R, Signorovitch J. The statistical performance 
of matching-adjusted indirect comparisons: estimating treat-
ment effects with aggregate external control data. Ann Appl Stat. 
2020;14(4):1806-1833. doi:10.1214/20-AOAS1359



188 Rubinstein M, et al.

JOURNAL OF HEALTH ECONOMICS AND OUTCOMES RESEARCH

32.	 Signorovitch JE, Wu EQ, Yu AP, et al. Comparative effectiveness 
without head-to-head trials: a method for matching-adjusted 
indirect comparisons applied to psoriasis treatment with adalim-
umab or etanercept. Pharmacoeconomics. 2010;28(10):935-945. 
doi:10.2165/11538370-000000000-00000

33.	 Anthenelli RM, Benowitz NL, West R, et al. Neuropsychi-
atric safety and efficacy of varenicline, bupropion, and nico-
tine patch in smokers with and without psychiatric disorders 
(EAGLES): a double-blind, randomised, placebo-controlled 
clinical trial. Lancet. 2016;387(10037):2507-2520. doi:10.1016/
s0140-6736(16)30272-0

34.	 WHO Guidelines Approved by the Guidelines Review Com-
mittee. WHO Clinical Treatment Guideline for Tobacco Cessation 
in Adults. Geneva: World Health Organization. ©World Health 
Organization; 2024.

35.	 Anthenelli RM, Gaffney M, Benowitz NL, et al. Predictors of 
neuropsychiatric adverse events with smoking cessation medica-
tions in the randomized controlled EAGLES trial. J Gen Intern 
Med. 2019;34(6):862-870. doi:10.1007/s11606-019-04858-2

36.	 Bucher HC, Guyatt GH, Griffith LE, et al. The results of direct 
and indirect treatment comparisons in meta-analysis of random-
ized controlled trials. J Clin Epidemiol. 1997;50(6):683-691. 
doi:10.1016/s0895-4356(97)00049-8

37.	 Efthimiou O, Rücker G, Schwarzer G, et al. Network meta-anal-
ysis of rare events using the Mantel-Haenszel method. Stat Med. 
2019;38(16):2992-3012. doi:10.1002/sim.8158

38.	 Fahey MC, Dahne J, Wahlquist AE, et al. The impact of 
older age on smoking cessation outcomes after standard 
advice to quit. J Appl Gerontol. 2023;42(7):1477-1485. 
doi:10.1177/07334648231158228

39.	 Avila JC, Sokolovsky AW, Nollen NL, et al. The effect of race/
ethnicity and adversities on smoking cessation among US adult 
smokers. Addict Behav. 2022;131:107332. doi:10.1016/j.
addbeh.2022.107332

40.	 McKinty AA, Hatz LE, Liu W, et al. The relationship between 
nicotine craving and state anxiety in daily and non-daily nico-
tine users. Addict Behav. 2026;172:108501. doi:10.1016/j.
addbeh.2025.108501

41.	 Stern AF. The hospital anxiety and depression scale. Occup Med 
(Lond). 2014;64(5):393-394. doi:10.1093/occmed/kqu024

42.	 Gao C, Heath A, Baio G. Regression augmented weighting 
adjustment for indirect comparisons in health decision mod-
elling. Res Synth Methods. 2025;16(6):900-921. doi:10.1017/
rsm.2025.10021

43.	 Balduzzi S, Rücker G, Nikolakopoulou A, et al. netmeta: an R 
package for network meta-analysis using frequentist methods. 
J Stat Softw. 2023;106(2):1-40. doi:10.18637/jss.v106.i02

44.	 Rücker G. Network meta-analysis, electrical networks and graph 
theory. Res Synth Methods. 2012;3(4):312-324. doi:10.1002/
jrsm.1058

45.	 Pacek LR, McClernon FJ, Bosworth HB. Adherence to phar-
macological smoking cessation interventions: a literature 
review and synthesis of correlates and barriers. Nicotine Tob Res. 
2018;20(10):1163-1172. doi:10.1093/ntr/ntx210

46.	 Tanaka S, Igarashi A, De Moor R, et al. A targeted review of 
worldwide indirect treatment comparison guidelines and best 
practices. Value Health. 2024;27(9):1179-1190. doi:10.1016/j.
jval.2024.05.015

47.	 Macabeo B, Quenéchdu A, Aballéa S, et al. Methods for indirect 
treatment comparison: results from a systematic literature review. 
J Mark Access Health Policy. 2024;12(2):58-80. doi:10.3390/
jmahp12020006

48.	 Guo JD, Gehchan A, Hartzema A. Selection of indirect treat-
ment comparisons for health technology assessments: a practi-
cal guide for health economics and outcomes research scientists 
and clinicians. BMJ Open. 2025;15(3):e091961. doi:10.1136/
bmjopen-2024-091961


