
INTRODUCTION

Tobacco smoking is recognized as one of the 
biggest threats to public health globally1. Ac-

cording to the Global Burden of Disease Study 
20192, about 1.1 billion tobacco smokers in 2019 
accounted for more than 7 million deaths world-
wide. In fact, tobacco smoking is one of the main 
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ABSTRACT – Objective: Tobacco smoking is recognized as one of the biggest threats to public health globally. Clinical 
trials conducted to date on cytisine have demonstrated its good efficacy in promoting smoking cessation. This study aims 
to evaluate the effectiveness and tolerability of cytisine as monotherapy in the treatment of moderate or severe tobacco 
use disorder in a real-world setting in Italy. 

Materials and Methods: A monocentric, retrospective, observational study was conducted on 159 adult patients 
(≥18 years) treated with oral cytisine who were referred to the Rome Anti-Smoking Center of IRCCS Regina Elena National 
Cancer Institute for the first time from March 2023 to November 2023. The study used both clinical [objective examina-
tion, Visual Analogue Scale (VAS) test, Fagerström test, and Mondor test] and instrumental evaluations (spirometry and 
measurement of exhaled carbon monoxide). Categorical data were summarized using absolute frequencies and percent-
age values, while continuous variables were summarized using median values and relative range. Comparisons between 
categorical variables were performed by using Pearson’s Chi-square test or Fisher’s exact F-test. Comparisons between 
continuous variables were carried out using the Mann-Whitney test or the Student’s t-test. The non-parametric Wilcoxon 
test was used to compare carbon monoxide values between the first visit and the first follow-up visit.

Results: 93 (58.5%) patients were males with a median age of 64 years, while 66 (42%) were females with a median age 
of 63 years. The median age of cigarette smoking initiation was 16 years, and the median number of packs per year was 
40. After 3 months, 44 patients out of 65 (67.7%) patients who received therapy were adherent, while 21 (32.3%) patients 
did not follow the prescription and dropped out of the treatment. 75% (33/44) of patients who adhered to therapy suc-
cessfully quit smoking, compared to just 25% (11/44) of those who did not adhere to treatment and did not stop smoking 
(p=0.011). No significant safety issues were identified. 

Conclusions: Cytisine therapy administered in the real-life setting of a specialized anti-smoking center significantly 
promotes smoking abstinence. However, it has a poor therapeutic adherence profile, requiring further research on thera-
peutic adherence and long-term outcomes in order to optimize treatment strategies.
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causes of preventable mortality and morbidity, 
being associated with a wide range of diseases, 
including cancer, cardiovascular diseases, and 
respiratory diseases1. In particular, it is responsi-
ble for 85% to 90% of lung malignancies and rep-
resents the primary cause of Chronic Obstructive 
Pulmonary Disease (COPD)3-5. Furthermore, it is 
strongly associated with other respiratory disor-
ders, such as asthma exacerbation6, pneumonia7, 
tuberculosis8, and is involved in the development 
of less common respiratory conditions such as 
alpha-1 antitrypsin deficiency and histiocytosis9. 

In Italy, despite the efforts made in recent de-
cades to raise awareness among the population 
about the damage caused by smoking, the rate 
of active tobacco smokers remains high. Accord-
ing to the most recent estimates10, in 2024, ap-
proximately 24% of the Italian population (18-69 
years) smokes regularly. 

Tobacco smoking is a pathology influenced 
by multiple factors, including family influence, 
culture, social relationships, economic availabil-
ity, and mental health. In the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-5), 
Tobacco Use Disorder is defined as a psychiatric 
disorder related to the abuse or dependence on 
tobacco characterized by physical and psycho-
logical dependence, manifested by craving to 
consume tobacco, difficulty controlling or reduc-
ing tobacco use, and experiencing withdrawal 
symptoms when tobacco use is stopped. This se-
verity ranges from mild to severe, depending on 
the number and severity of symptoms11,12.

Nicotine addiction is largely involved in the 
development of addiction to tobacco use. Nico-
tine acts on the neuronal nicotinic acetylcholine 
receptors in the mesolimbic system. Its effects 
on appetite, attention, and mood seem to con-
tribute to the establishment and maintenance of 
the tobacco smoking dependence13,14.

Different strategies are available for the treat-
ment of smoking dependence that include the use 
of medications to manage withdrawal symptoms 

and reduce nicotine intake, as well as counseling 
and cognitive-behavioral therapies to help the pa-
tient manage the smoking habit and maintain long-
term abstinence15. Specifically, the combination of 
behavioral support and pharmacotherapy has been 
shown to significantly enhance long-term cessation 
rates16,17. Table I provides a comprehensive over-
view of the principal interventions currently avail-
able, summarizing their characteristics18-32. 

Nicotine Replacement Therapy (NRT)17 and the 
use of stop-smoking medications, such as bupro-
pion22,23, varenicline25,33, nortriptyline28,29, and cy-
tisine30-32 are the main pharmacological strategies 
available for smoking cessation. According to WHO 
guidelines32, the following options, which have 
higher likelihoods of quit success associated with 
their use, should be available for all tobacco users: 
(i) single-agent varenicline or cytisine; (ii) combina-
tion NRT (a long-acting and a short-acting agent); 
(iii)·combination of any medication(s) and behav-
ioral support. Varenicline and combination NRT 
both have greater effectiveness compared with 
NRT monotherapy and bupropion. Cytisine acts 
similarly to varenicline, but it is demonstrated to 
be less effective than varenicline in smoking ces-
sation33-36. Nevertheless, cytisine is considered saf-
er and less expensive compared to other available 
therapeutic options at the dose currently recom-
mended and found to be superior to NRT for smok-
ing cessation37,38. Cytisine should be considered as 
a treatment option to help people stop smoking, 
also according to the National Institute for Health 
and Care Excellence since new evidence showed 
that people who took cytisine were 30% more like-
ly not to smoke for six months or longer than those 
taking a placebo or no medication and significant-
ly more likely to have higher long-term abstinence 
rates than NRT because patients receiving cytisine 
had a higher adherence to the treatment plan and 
a lower rate of adverse events39.

The need to fill in the gaps in the existing lit-
erature, as recommended also by “The Italian 
clinical practice guideline for the treatment of 

Graphical Abstract. Overview of cytisine therapy for to-
bacco use disorder, its health consequences and treatment 
strategies.
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tobacco and nicotine dependence” published by 
the Italian National Guidelines System in 202339, 
served as the rationale for the design of this 
study. This guideline prioritizes evaluating ad-
herence to therapy, safety, and effectiveness in 
scientific research on cytisine. Furthermore, if 
fully validated, this smoking cessation treatment 
could have a significant impact on the Italian Na-
tional Health Service (NHS). After 15th July 2021, 
following the withdrawal of batches and the in-
terruption of distribution of varenicline due to 
quality problems, Italy lacks a therapy with a 
partial agonist mechanism on nicotine cholin-
ergic receptors. Therefore, cytisine could serve 
as a viable therapeutic alternative for patients 
seeking to quit smoking. Cytisine is a cost-effec-
tive medication with a good safety profile and 
the potential to significantly increase smoking 
cessation rates and decrease the financial bur-
den on the NHS associated with management 
of smoking-related health problems37,38,40. Since 
there is the need to find effective therapeutic al-

ternatives to varenicline after its withdrawal, and 
cytisine has emerged as a promising pharmaco-
logical option for smoking cessation, offering a 
novel mechanism of action compared to tradi-
tional therapies, we performed an observational 
study to evaluate effectiveness and tolerability 
of cytisine monotherapy for moderate or severe 
tobacco use disorder, as well as its capacity to 
reduce tobacco craving. 

MATERIALS AND METHODS

Patients and study design
A monocentric retrospective observation-

al study was conducted on adult patients (≥18 
years) affected by moderate or severe tobacco 
use disorder and treated with oral cytisine (1.5 
mg capsules) who were referred for the first time 
to the Rome Anti-Smoking Center of IRCCS Regi-
na Elena National Cancer Institute - from March 
2023 to November 2023. 

Table I. Treatment strategies of tobacco smoking cessation.

Non-pharmacological strategies

Cognitive Behavioral Therapy (CBT): psychological approach widely used in the treatment of smoking. This therapy focuses on 
how thoughts, emotions, and actions are interconnected and how these factors impact smoking addiction18,19.
 
Motivational Therapy: patient-centered style of individual counseling with meetings with a professional. It includes evaluation 
and planning for stopping cigarette smoking, managing abstinence and relapses, and promoting correct lifestyle habits20.

Nudge-Based Interventions: these techniques involve giving information or incentives, understanding mapping, setting default 
choices, providing feedback, reducing errors, and structuring complex choices. When applied to smoking disorder, information 
and feedback nudges have shown effectiveness21.

Pharmacological strategies

Nicotine Replacement Therapy (NRT): this therapy replaces the nicotine found in cigarettes with alternative forms of nicotine. 
NRT reduces cravings for nicotine, as well as the physiological and psychomotor withdrawal symptoms often experienced during 
an attempt to stop smoking17.

Bupropion: an inhibitor of norepinephrine and dopamine reuptake, as well as an anticholinergic nicotinic receptor inhibitor. Its 
action on smoking cessation is independent of its antidepressant effect. It is contraindicated in patients with cardiovascular, 
respiratory, renal, or epileptic disorders22-24.

Varenicline: it acts as a selective partial agonist of the α4β2 nicotinic receptor, mimicking the action of nicotine intake and 
reducing withdrawal symptoms. By binding to the nicotinic receptor, it produces a release of dopamine and inhibits the nico-
tine-receptor binding, reducing the rewarding effect of smoking. The major side effect encountered is nausea25-27.

Nortriptyline: a tricyclic antidepressant with potent norepinephrine reuptake inhibition, serotonin reuptake inhibition, and 
marked antihistaminergic effects. This medication represents the second-line pharmacological therapy in smoking cessation, 
whose efficacy is independent of its antidepressant action. The efficacy of Nortriptyline is comparable to Bupropion28,29.

Cytisine: natural plant alkaloid extracted from Cytisus laburnum with a molecular structure similar to nicotine. Cytisine has a 
high affinity for presynaptic nicotinic acetylcholine receptors, acting as a partial agonist of α4β2 nicotinic receptors and a full 
agonist of α7 nicotinic receptors, which modulate dopamine and glutamate release in the mesolimbic system. Pharmacokinetic 
studies showed a good gastrointestinal absorption, 34% oral bioavailability, and a maximum plasma concentration after approx-
imatively 35 minutes. Cytisine is safe at the currently recommended dose and was found to be superior to nicotine-replacement 
therapy for smoking cessation in clinical trials27,30-32.
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The study was approved by the Ethical Com-
mittee Comitato Etico Territoriale Lazio of the 
Lazio Area 5, with protocol number 104/IRE/24, 
dated March 20, 2024.

Inclusion criteria
1.	 Adult patients (≥18 years) who have a moder-

ate to severe tobacco use disorder,
2.	 Cytisine as prescribed pharmacological thera-

py,
3.	 Patients returned to the Anti-Smoking Center 

at the 1st follow-up on schedule.

Exclusion criteria
1.	 Adult patients (≥18 years) who have medical 

conditions that make the use of cytisine or 
other partial agonists of nicotinic cholinergic 
receptors unsafe,

2.	 Patients on pharmacological treatment or ra-
diotherapy for neoplastic disorders,

3.	 Pregnant or breastfeeding women,
4.	 Patients for whom specific information for 

objective assessments is not available.
 

Pharmacological treatment
The pharmacological treatment consisted of 

oral cytisine (1.5 mg capsules), prepared as a ga-
lenic formulation by the hospital pharmacy. The 
treatment plan used included two therapeutic 
schemes27: 25 days treatment with the start of 
the drug at the maximum dosage (6 tablets/day 
in the first 3 days) and then a progressive reduc-
tion (scheme adapted from Walker et al31) and 
40 days treatment, which included a short induc-
tion period (e.g. 4-5 days) and a longer treatment 
at the maximum dosage (6 tablets/day), with a 
prolonged progressive reduction of drug dose. 
The choice was based on the medical or the pa-
tient’s preference. 

Outcome assessment
The effectiveness of cytisine therapy was eval-

uated by verifying the achievement of smoking 
cessation after 3 months through clinical evalu-
ation of smoking status (objective examination), 
measurement of the exhaled carbon monoxide 
(CO) value (expressed in particles per million) be-
tween the baseline visit and the first check-up 
visit for assessment of smoking abstinence and 
the evaluation of Visual Analogue Scale (VAS) 
score for the assessment of intensity of nicotine 
craving. Cytisine’s safety and tolerability were 
evaluated by describing any adverse reactions 
occurring during the treatment period. The pa-
tient’s physical dependence score was measured 
using the Nicotine Dependence Questionnaire 
(Fagerström test), and the patient’s motivation 
for treatment was measured using the Mondor 

Motivational test. The tests were administered 
to evaluate whether they could be considered as 
a determinant of patients’ adherence to the pre-
scribed drug therapy. 

The planned diagnostic and therapeutic path-
way included the following steps:
•	 T0 – Baseline: first pneumological visit for 

smoking status, administration of question-
naires (Fagerström for Nicotine Dependence 
test and Mondor Motivational test), counsel-
ing, exhaled CO measurement, and prescrip-
tion of cytisine treatment when indicated.

•	 T1 – after one month: pneumological fol-
low-up visit with assessment of compliance 
with treatment, onset of adverse effects to 
the drug, detection of tobacco use status, ex-
haled CO measurement, and spirometry or, 
in alternative, a telephone follow-up with as-
sessment of compliance with treatment, onset 
of adverse effects to the drug, and detection 
of tobacco use status.

•	 T2 – after three months: pulmonary follow-up 
visit with exhaled CO measurement, and spi-
rometry if the patient had a telephone fol-
low-up assessment at T1. 

Statistical analysis
Descriptive statistics were generated for all 

variables of interest. Categorical data were sum-
marized using absolute frequencies and per-
centage values, while continuous variables were 
summarized using median values and relative 
range, since they were not normally distribut-
ed. Comparisons between categorical variables 
were performed using non-parametric tests, 
such as Pearson’s Chi-square test or Fisher’s 
exact F-test, when appropriate. Comparisons 
between continuous variables were carried out 
using the non-parametric Mann-Whitney test or 
the Student’s t-test, after testing the normality 
condition of the distributions. The comparison 
between carbon monoxide values at the first vis-
it and the first follow-up was evaluated using the 
non-parametric Wilcoxon test. A p-value <0.05 
was considered statistically significant. All sta-
tistical analyses were performed using IBM SPSS 
software v. 29.0 (IBM Corp., Armonk, NY, USA). 

RESULTS

A total of 159 patients who had a first access to 
Rome Anti-Smoking Center was identified (Table 
II): 93 (58.5%) were males with a median age of 
64 years (min: 34-max: 76), while 66 (42%) were 
females with a median age of 63 years (min: 46-
max: 78). The median age of cigarette smoking 
initiation was 16 years (min: 9-max: 35) and the 
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median number of packs per year was 40 (min: 
9-max: 107.5). The majority of patients who ac-
cessed the Anti-Smoking Center were employed 
(66, 41.5%) or retired (66, 41.5%), while 11 pa-
tients (6.9%) were unemployed. The 52.9% (84 
patients) attended secondary school, 28.9% (46 
patients) had a bachelor’s degree, while 15.1% 
(24 patients) attended only primary school. Most 
of them had a respiratory disease (39.6%, 63 pa-
tients) or a cardiovascular disease (37.7%, 60 pa-
tients), while 23.9% (38 patients) had both. 

103 (65%) patients out of 159 were proposed 
with a cytisine therapy at baseline visit-T0, and 

65 of them (63.1% of those proposed with a 
cytisine therapy) returned to the Anti-Smoking 
Center after 1 month for the first follow-up vis-
it-T1 (Figure 1). Overall, 44 patients out of 65 
(67.7%) were adherent to cytisine therapy pre-
scription, while 21 patients did not follow the 
prescription (17 interrupted cytisine therapy, 
4 had counseling only) and dropped out of the 
treatment at the three-month follow-up vis-
it-T2. 

All 65 patients had information on their 
smoking situation after 3 months at the second 
follow-up visit-T2 (Table III): 42 patients (65%) 

Table II. Demographic and clinical characteristics of patients who accessed the Anti-Smoking Center between March and 
December 2023 (n=159).

	 No.	 %

	 159	 100
Sex 		
F	 66	 41.5
M	 93	 58.5

Age 		
Median (Min-Max)	 63 (34-78)	 -
Median (Min-Max) Female	 63 (46-78)	 -
Median (Min-Max) Male	 64 (34-76)	 -

Age of cigarette smoking initiation 		
Median (Min-Max)	 16 (9-35)	 -

No. of packs per year 		
Median (Min-Max)	 40 (9-107.5)	 -

Occupational status 		
Employed 	 66	 41.5
Unemployed	 11	 6.9
Retired	 66	 41.5
Other	 12	 7.6
Missing	 4	 2.5

Level of education 		
None/primary school	 24	 15.1
Secondary school	 84	 52.9
Bachelor’s degree	 46	 28.9
Missing	 5	 3.1

Co-morbidities 		
Respiratory diseases	 63	 39.6
Cardiovascular diseases 	 60	 37.7
Both respiratory and cardiovascular disease	 38	 23.9
Missing	 34	 21.4

Previous therapy 	 	
Pharmacological	 6	 3.8
Psychological 	 9	 5.7
Acupuncture	 5	 3.1
Other 	 47	 29.6
Missing	 100	 62.9

Proposed therapy 		
Cytisine	 103	 65
Other therapies 	 9	 6
Missing	 47	 29
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stopped smoking, and 23 (35%) did not. In all, 
75% (33/44) of patients who received therapy 
successfully quit smoking, compared to just 
25% (11/44) of those who did not follow the 
therapy. This result was statistically significant 
(p=0.011) and confirmed the effectiveness of 
the therapy. 

The median values of exhaled CO, measured 
in 20 (30.8%) patients for which the information 
was available, decreased from 14 at the baseline 
visit-T0 to 6.5 at the first follow-up visit-T1 with a 
statistically significant difference (p<0.001). Out 
of these 20 patients, 17 who adhered to cytis-
ine therapy showed a significant difference in 
exhaled CO (Wilcoxon test: p=0.001), while 3 

patients who did not adhere to cytisine therapy 
showed a statistically nonsignificant difference 
in CO emitted. 

The VAS score was evaluated at baseline vis-
it-T0 in 44 patients and no statistically signifi-
cant differences were found between patients 
on cytisine therapy and those who were not. 
The difference in scores of two different tests 
(Fagerström test and Mondor test) measured at 
baseline visit-T0 between patients who followed 
cytisine therapy and those who did not follow cy-
tisine therapy was significant (p=0.012) only for 
physical dependence measured with the nicotine 
test (Fagerström test) but not for patients’ moti-
vation to stop smoking (Mondor test). Among 44 

Table III. Outcomes of patients who returned to the Anti-Smoking Center in the study period were dichotomized by adherence 
to prescribed cytisine therapy (n=65).

Outcomes No. (%) Cytisine therapy

yes no p-value

Intensity of nicotine craving (VAS score test) at T0 44 (67.7%) 8 (3-10) 8 (0-10) 0.610

Nicotine Dependence score (Fagerström test) at T0 65 (100%) 6 (1-9) 4.5 (0-8) 0.012*

Motivation test (Mondor score test) at T0 65 (100%) 13 (9-17) 13 (8-19) 0.488

CO value difference T1-T0 20 (30.8%) 17 3 <0.001

T0 14 (4-37)

T1 6.5 (0-16)

Smoking cessation at T2 65 (100%) 44 (67.7%) 21 (32.3%)

Yes 42 (64.6%) 33 9
0.011*

No 23 (35.4%) 11 12

Data are presented as median value (range) or number (proportion, %). *statistically significant.

Figure 1. Diagnostic and ther-
apeutic pathway.
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patients who received cytisine treatment, only 2 
patients (4.5%) developed a non-serious adverse 
event; one had to discontinue the treatment reg-
imen because of headache, whereas the other 
ceased therapy due to the appearance of a skin 
rash.

DISCUSSION 

Our study assessed the effectiveness and tol-
erability of cytisine therapy for smoking cessa-
tion in a real-world observational setting in Italy, 
thus contributing to improving the knowledge 
about the use of this medication in daily clinical 
practice to promote smoking abstinence, as part 
of an integrated smoking cessation intervention 
and relapse prevention. 

Based on our study results, we found that after 
3 months from the start of cytisine therapy on 
25 days scheme or 40 days regimen, the propor-
tion of patients who stopped smoking was sig-
nificant in those who followed the therapy com-
pared to those who did not follow the therapy 
(67.7 vs. 32.3%), thus showing the effectiveness 
of cytisine use in clinical practice for promoting 
smoking cessation in patients who adhered to 
the therapy. These results confirmed the data 
obtained from another retrospective observa-
tional study41 recently published by another Ital-
ian research group, where smoking abstinence at 
three months was 68.7%.

The evaluation of the scores obtained through 
the VAS test (measuring the intensity of nicotine 
craving) and the Motivation test (measuring the 
patients’ motivation to quit) administered to pa-
tients at baseline visit-T0 showed no statistically 
significant differences between patients who fol-
lowed the therapy and those who did not follow 
it. This is in accordance with a recent study42, 

which found no association between measuring 
motivation to quit smoking through motivation-
al scales alone with success or failure in quitting 
smoking, thus suggesting that patients’ motiva-
tion alone should not be considered as a predic-
tor of abstinence maintenance among smokers 
who wanted to quit. 

On the contrary, the score measuring the nico-
tine physical dependence through the Fagerström 
test resulted significantly higher in patients who 
follow the therapy. Since the two dimensions of 
nicotine physical dependence are the degree of 
urgency to restore nicotine to a threshold level 
after nighttime abstinence and the persistence 
with which one maintains nicotine levels at 
this threshold during waking hours43, this result 
seemed to support the demonstration of the ef-
fectiveness of cytisine therapy. 

To date, several clinical trials36,44-46 conducted 
in many European countries explored the effica-
cy and the safety of cytisine in smoking cessa-
tion, as compared to placebo or to the approved 
first-line tobacco cessation treatments [nicotine 
replacement therapy (NRT), bupropion and va-
renicline, recently withdrawn from the market], 
suggesting a growing recognition of cytisine’s 
potential worldwide. 

A recent systematic review and meta-analy-
sis47 that included studies from various countries 
(including European nations, Australia, and New 
Zealand) found that cytisine is associated with 
higher quit rates compared to placebo and is 
comparable in efficacy to NRT and varenicline, 
but with fewer adverse events, thus suggesting 
that cytisine could be a valuable addition to the 
global arsenal of smoking cessation treatments. 

These findings are also supported by observa-
tional studies41,48 primarily focusing on the effec-
tiveness and safety of cytisine use for smoking ces-
sation in real-world settings in Italy. These studies 
suggested that combining cytisine therapy with be-
havioral interventions may enhance the effective-
ness of smoking cessation strategies, supporting its 
use as an effective and safe tool in smoking cessa-
tion programs in a real-world population. 

CONCLUSIONS 

The findings from this study confirmed that cy-
tisine could be an effective therapy for nicotine 
addiction when following the adequate dosing 
schedule without treatment interruption. The data 
we gathered indicates that cytisine is a drug that 
effectively aids in smoking cessation, both during 
the initial treatment period and after three months 
of therapy. It is also safe and well-tolerated; in fact, 
only two patients had only mild adverse events. 
We found that cytisine exhibited a harmless safety 
profile without any indication of significant safety 
issues. However, it has a poor therapeutic adher-
ence profile, requiring further research on thera-
peutic adherence and long-term outcomes in order 
to optimize treatment strategies. 

It is important to emphasize that cytisine may 
be an attractive choice for tobacco smokers due 
to its lower cost in comparison to other avail-
able pharmacological options, making it partic-
ularly appreciated, especially by heavy smokers, 
who generally require higher therapeutic doses 
and longer treatment periods49. In conclusion, 
cytisine therapy appears to be a promising and 
cost-effective option for smoking cessation, sup-
ported by both European and global research. 
Further studies may help solidify its role in smok-
ing cessation programs worldwide.
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