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ABSTRACT

Aims To review cytisine’s history of use, pre-clinical evidence, clinical pharmacokinetics, efficacy, adverse reactions
(ARs) and safety for smoking cessation. Methods A synoptic review of the use of cytisine as a smoking cessation med-
ication, mechanism of action, pharmacokinetics and safety. Relevant literature on data included in these sections were
identified through a search of 11 databases with additional literature obtained from reports and monographs. Three da-
tabases (PubMed, EMBASE and www.elibrary.ru) were systematically searched for studies published from 2012 to August
2018 in any language to provide an updated meta-analysis of cytisine’s efficacy and ARs for smoking cessation compared
with placebo. We pooled the relative risks (RR) of abstinence in the efficacy analysis and RR of ARs, either reported by the
authors or calculated from the reports. Results Cytisine has been in use since 1964 and is currently marketed in 18
countries. Systemic bioavailability from oral ingestion is high and clearance is primarily renal, with minimal or no metab-
olism. Brain uptake in animal models is moderate. The plasma half-life averages 4.8 hours. Eight studies were included for
meta-analysis of efficacy. With heterogeneous results, the overall RR versus placebo of successful continuous abstinence at
the longest follow-up was 1.74 [95% confidence interval (CI) = 1.38-2.19]. Nausea, vomiting, dyspepsia, upper abdom-
inal pain and dry mouth that were mild or moderate were the most common ARs, with RR versus placebo 1.10 (95%
CI=0.95-1.28). The cost of cytisine in eastern and central Europe is several-fold less than that of other smoking cessation
medications. Conclusions Cytisine is a low-cost medication found to increase the likelihood of smoking cessation. The
most frequently reported ARs of cytisine involve gastrointestinal symptoms that are mostly reported as either mild or mod-
erate in severity.
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INTRODUCTION including low- to middle-income countries (LMICs), ciga-
rette consumption in some countries and regions is steadily
Tobacco smoking is the leading preventable cause of death  increasing, e.g. China and the World Health Organization

[1]. Globally, tobacco use causes nearly 6 million deaths  (WHO) eastern Mediterranean region, with Africa present-

per annum [2] and is projected to cause more than 8 mil-
lion deaths per annum by 2030 [1]. Smoking cessation re-
duces the risk of premature death associated with
continued smoking by approximately 90% [3]. However,
smoking cessation is extremely difficult for several reasons,
including the complexity of nicotine addiction. While pat-
terns of cigarette consumption vary among countries,
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ing the greatest risk for potential future growth [4]. An in-
tegral component to successful tobacco control includes
both high access and wide availability of cost-effective
pharmacological treatments. Unfortunately, such treat-
ments are either inaccessible or unavailable in most LMICs
[5]. For the select few LMICs where pharmacological treat-
ment(s) are available, generally they are cost-prohibitive
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and associated with high out-of-pocket expenses, or not af-
fordable due to constrained and financially limited health-
care budgets [6]. Two-thirds of smokers live in countries
whereby the average household income is less than US
$200 per week and smoking-cessation treatments are not
paid for by insurance plans or national health-care systems
[7]. Given the limitations in the efficacy, availability and af-
fordability of anti-smoking pharmacotherapies, developing
alternative pharmacotherapies for smoking cessation con-
tinues to be a research priority.

Cytisine, considered to be the oldest medication used for
smoking cessation [8,9], has been licensed and used as a
smoking cessation aid in some eastern/central European
and central Asian countries for more than 50 years
[8,10]. In eastern/central European countries it is available
as an inexpensive over-the-counter (OTC) medicine for the
equivalent of US$8-17 [11]. In western countries, this
compound has been subject to extensive pharmacological
research, including studies that have examined treatment
strategies to establish the impact of cytisine action on nic-
otinic acetylcholine receptors (nAChRs) [12]. Health pro-
fessionals and researchers from countries where cytisine
has been used for smoking cessation have tried to generate
interest in cytisine in western Europe and the United
States. To date, however, these attempts have not been suc-
cessful because cytisine has been considered as a unknown
medicinal compound or viewed as toxic, with only slight
brain penetration [13,14], and thus most probably devoid
of efficacy as a smoking cessation aid. Since 2006 cytisine
has drawn much wider interest, after a review first
highlighted its anti-smoking potential [15], with a series
of commentaries/reports, research agenda [16], reviews
[8,17,18], meta-analyses [10,19,20] and clinical trials
[7,21-23] demonstrating efficacy and safety for smoking
cessation.

Cytisine, despite its long-standing use as a smoking ces-
sation aid in some parts of the world, has had an uncon-
ventional history of use in medicine. This is largely
attributable to pre-clinical studies that would typically pre-
cede clinical studies and marketing not being conducted, or
if so, data not released or critiqued in the public domain.
Only more recently has significant progress been made that
led to increased knowledge and understanding of the ther-
apeutic potential of cytisine for nicotine addiction
treatment.

The purpose of this review is to comprehensively de-
scribe what is currently known about cytisine as a
smoking cessation aid, with four core aims specifically
related to:

i summarizing the pre-clinical properties, current and
emerging clinical evidence relating to cytisine’s use for
smoking cessation;

ii offering a new meta-analysis of clinical trials to gather
updated evidence on cytisine’s efficacy and adverse
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reactions (ARs) and to extract further clinical evidence
that can guide future policy;

iii evaluating the implications of the updated evidence
base, and the current and future impact of cytisine for
tobacco dependence treatment; and

iv discussing future opportunities to close evidence-
practice gaps, and describe where further research is
warranted.

METHODS

This is a synoptic review of the use of cytisine as a smoking
cessation medication, mechanism of anti-smoking action,
pharmacokinetics and overdose and toxicity. We systemat-
ically reviewed the literature to conduct meta-analysis of
cytisine efficacy and ARs versus placebo. The two final sec-
tions of this monograph are presented in a narrative review
structure and examine cytisine treatment regimens/adher-
ence and affordability and cost-effectiveness.

Pre-clinical, pharmacokinetic and overdose/toxicity data
search

A literature search for the pre-clinical data, pharmacoki-
netics and overdose and toxicity was conducted using 11
electronic databases: PubMed, PsycINFO, Cochrane
Library, EBSCO, Medscape, ProQuest, Science Direct,
Scopus, Springer, Web of Science and Wiley Online
Library for studies published until August 2018, although
we have included a few key studies published after this
date. The cytisine-specific search terms were ‘cytisine’,
‘tabex’,'desmoxan’, ‘cytisus laburnum’ or ‘nicotine recep-
tor partial agonist’ in the title or abstract or as keywords.
The search terms did not include other names for cytisine,
such as baptitoxine, laburnine, sophorine and ulexine. We
also examined the reference sections of five earlier
reviews of cytisine/nicotine receptor partial agonists
[6,8,17,19,20]. Moreover, we examined the reference lists
of the final set of articles included in our monograph. Data-
base searches for pre-clinical data and overdose/toxicity
were undertaken by PT. and for pharmacokinetics by N.L.
B. and PT., who independently examined all article titles
and subsequently reviewed abstracts to assess their poten-
tial relevance to the monograph. Full text articles and
studies were obtained, including journal articles, books
chapters and publicly available reports. The articles avail-
able in Bulgarian, German and Russian were translated
into English by two authors (PT. and D.V.). We contacted
authors of reports for additional information where neces-
sary. A total of 2234 references, excluding duplicates, were
identified. One hundred and fifteen articles or reports were
screened in full.

Addiction, 114, 1951-1969

25UB01 SUOLUWOD SAIERID) 3|ed! dde 8 Ag pouBAb a8 SaPILE YO ‘38N JO SN 0y ARIGIT BUIUO B]IM UO (SUONIPUOO-PLE-SWBYLICO" A8 |1 ARG BU1UO//SAIY) SUOTIPUOD PUE SWi | 31395 *[£202/70/G2] U0 AReiq 112Ul AB1IM *AISIBAIUN MOZSOZY Ad TZ2T PRE/TTTT OT/0p/W00" AW AIRIq1pul|uo//Sdny wol) popeojumoq ‘TT ‘6T0Z ‘Srv009ET



Clinical efficacy, adverse events and safety data search

Three meta-analyses have been previously completed
[10,19,20], in which each corresponding review covered
the following time-frames and included the following num-
ber of studies: 1968-1974 (n = 3) [10], 1971-2014
(n=4)[19] and 19682011 (n = 7) [20]. The Etter [10]
meta-analysis was released before publishing modern trials
and included only studies from the 1960s and 1970s [10].
The most recent review was completed by Cochrane
Database of Systematic Reviews [19]in 2016, with records
extracted until May 2015, and only four controlled trials
were included [7,21,22,24]. However, more studies were
included in a preceding review completed by Hajek et al.
[20] in 2013, in which they identified seven controlled tri-
als [7,21,24-28] yielding two analyses: a pooled relative
risk model and cytisine ARs. The Cochrane [19] and Hajek
et al. [20] reviews differ in the number of searched data-
bases and types of search terms used (e.g. ‘cytisine’ or
‘Tabex’ or’nicotine receptor partial agonist’ in the
Cochrane review [19] and ‘cytisine’ or ‘cytisus laburnum’
or ‘Tabex’ in the review by Hajek et al. [20]). The Cochrane
review included randomized controlled trials which com-
pared cytisine with placebo or nicotine replacement ther-
apy (NRT), and excluded trials which did not report a
minimum follow-up period of 6 months from start of treat-
ment. In contrast, Hajek et al. [20] included controlled tri-
als; however, the trials in which the longest follow-up
period was shorter than 6 months were not excluded from
the meta-analysis.

In the current analysis we chose to update an earlier re-
view [20] rather than the most recent Cochrane review
[19] because of the greater number of searched databases
and greater number of controlled studies included. There-
fore, in order to update Hajek et al.’s review [20], PubMed
and EMBASE were searched using the terms ‘cytisine’ or
‘cytisus laburnum’ or ‘tabex’ or ‘desmoxan’ for records
from July 2012 to August 2018. We also searched the
Russian electronic library database (www.elibrary.ru) for
all records on cytisine since commencement. We searched
on-line clinical trials registers to update information on
new cytisine clinical trials.

One reviewer (D.V.) screened the titles and abstracts of
publications identified by the search. The full texts of poten-
tially eligible articles were then screened, and those meet-
ing our pre-specified inclusion/exclusion criteria were
included. Two reviewers (D.V. and PT.) independently per-
formed the full-text review. No discrepancies in identifying
relevant articles occurred between the reviewers.

Articles eligible for inclusion in meta-analysis were
those that contained original data from randomized con-
trolled clinical trials examining the use of cytisine for
smoking cessation in adult smokers. The search was not re-
stricted by language of publication. Translations of the
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articles written in Polish and Russian were completed by
two authors (PT. and D.V.). Reviews, meta-analyses, con-
ference reports, commentaries, case reports and letters to
the editor, as well as translations of already included con-
trolled trials, were excluded. Other exclusion criteria in-
cluded: no smoking cessation assessment, cessation not
an outcome, the outcome data was not reported in a use-
able form, cessation not reported as an outcome or use of
cytisine for conditions other than smoking cessation. For
each study, data were extracted using the strictest outcome
measure at the longest follow-up period. The full sample
was included as the denominator, with participants who
dropped out of the trials or were lost to follow-up classified
as continuing smokers. Data on ARs were also extracted
and analyzed.

We ran the analysis using metan command in Stata
using a random-effects model, given very high between-
study heterogeneity. For the relative risk (RR) calculation,
the longest follow-up reported by authors either with or
without biochemical verification was used. To estimate
the bias originating from self-reported abstinence, we per-
formed stratification analysis into two groups of studies
(biochemically verified versus self-report). Similarly, we di-
vided studies into those reporting effect within 3 months
versus more than 3 months. Heterogeneity was assessed
with the I? statistic, and potential role of publication bias
was estimated via Egger’s and Begg's tests.

The use of cytisine as a smoking cessation medication

Cytisine [(—)-cytisine, (1R,5S)-1,2,3,4,5,6-hexahydro-1,5-
methano-8H-pyrido (1,2a)(1,5)diazocin-8-one| (Fig. 1) is
an alkaloid originating from some plants belonging to the
Leguminosae (Fabaceae) family [29,30] In 1862, Husemann
& Marme isolated pure cytisine from seeds of common gar-
den decorative plants Laburnum anagyroides (Cytisus labur-
num; Golden Rain) [31]. In more recent times, cytisine is
most commonly extracted from the Laburnum and Sophora
species [8,12,32].

Plants containing cytisine have been used as a natural
remedy and a medicinal agent for various purposes for cen-
turies [8]. Archaeological research has found that plant
species Sophora secundiflora, which contain cytisine, were
also used as one of the first psychotropic agents in North
America (approximately 8000 years BCT) [33]. During
the Second World War, the leaves of Laburnum anagyroides,
which contain cytisine, were used as a tobacco substitute
[34]. For smoking cessation, cytisine was first authorized
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Figure | The structure of (—)-cytisine
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for use in 1964 in Bulgaria, where the first clinical studies
were conducted [35].

With the entry of several former Socialist economy
countries to the European Union (EU) cytisine was with-
drawn from the market in Czech Republic, Slovakia,
Hungary and Romania. Only in Bulgaria and Poland has
cytisine been used continuously as a prescription-only or
OTC medicine. Consequently, the most comprehensive clin-
ical experience and documented history for cytisine use for
smoking cessation is found in Poland, where it has been
used since the 1970s [36,37]. Table 1 shows the history
of anti-smoking use and research on cytisine.

Cytisine is manufactured according to EU Good
Manufacturing Practice as two products available in
the OTC category: Tabex® (Sopharma, Bulgaria) and
Desmoxan® (Aflofarm, Poland). Cytisine in tablet form
as Tabex® has been manufactured from 1964 and is
now marketed in 18 countries: four EU (Bulgaria,
Latvia, Lithuania and Poland) and eight non-EU coun-
tries (Azerbaijan, Armenia, Ukraine, Belarus, Georgia,
Moldova, Russia and Serbia), and in five countries in
Central Asia (Kazakhstan, Kyrgyzstan, Tajikistan,
Turkmenistan and Uzbekistan). Total sales data of
Tabex® in Poland from January 2005 to March 2014
shows that 1657 800 packs were sold with a value of

€14093 064 [45]. One pack contains 100 tablets to
cover a full 25-day treatment period.

In Poland cytisine is undergoing a resurgence in use,
largely attributable to a new cytisine product, Desmoxan®.
At the turn of 2012/13 Desmoxan® was introduced onto
the Polish market as the first micronized cytisine-based
capsule. This product is currently covered by a European
patent application. During 2017, 447 863 packs of
Desmoxan® were sold, accounting for 60.7% of the Polish
cytisine market [11,45].

More than 14.2% of tobacco smokers in Poland have
been documented as using cytisine for smoking cessation
in a 1.5-year period and nearly 30% of smokers (equating
to more than 2.6 million people) have been treated with
cytisine in Poland since 2005 [45]. In 2015, the number
of Desmoxan® and Tabex® packs sold accounted for
37.5% of the total number of packs of all sold anti-smoking
medicines in Poland [45].

As shown in Fig. 2, the sale of cytisine in Poland shows
a continuous upward trend. Since 2000 cytisine use has
grown by a factor of 10. In 2013, sales increased dramati-
cally following Desmoxan’s availability OTC, and extensive
product marketing.

Cytisine’s increased use has been posited as an impor-
tant factor responsible for reduced smoking rates in

Table 1 Milestones in cytisine research and use for smoking cessation.

1818: Discovery (Chevreul) [38]
1862: Isolation (Husemann & Marme) [31]

1912: Description of cytisine as a component of Laburnum anagyroides (Dale & Laidlaw) [30]

1931: Description of chemical structure (Ing) [39]

1953: Characteristics of pharmacological properties and use in the treatment of nicotine addiction (Paskov & Dobrev) [40]

1964: Tabex” introduced to Bulgarian market

1965: First clinical trial for smoking cessation (Stoyanov & Yanachkova) [35]

1968-1974: Placebo-controlled clinical trials demonstrating efficacy in nicotine addiction (in Bulgaria and Germany) [24-26,41]
2004: First scientific conference on cytisine for smoking cessation (Cracow, Poland) [15]

2006: First review on the potential of cytisine for smoking cessation (Tutka et al.) [15]

2006: First complex review published in English-language peer-reviewed literature calling for consolidated efforts towards global access to
cytisine (Tutka & Zatonski) [8] and a report of anti-smoking potential (McRobbie et al.) [17]

2006: First meta-analysis of placebo-controlled trials (Etter) [10]

2006: First evidence-based medicine (EBM) uncontrolled clinical trial (in Poland) (Zatonski et al.) [23]

2008: Research agenda (Etter et al.) [16] and review comparing cytisine with varenicline (Tutka) [6]

2008: First EBM placebo-controlled trial (n = 171) (in Kyrgyzstan) (Vinnikov et al.) [21]

2011: Largest EBM placebo-controlled trial (n = 740) (British—Polish conducted in Poland) (West et al.) [ 7]

2013: World’s first micronized form of cytisine (Desmoxan®) introduced to Polish market

2013: Meta-analysis and review of cytisine-related clinical data (Hajek et al.) [20]

2014: Largest EBM non-inferiority trial of cytisine versus nicotine replacement therapy (NRT) (n = 1310) (in New Zealand)

(Walker et al.) [22]

2014: An international workshop on cytisine for smoking cessation (SRNT Meeting, Seattle)
2015: The creation of a world-wide network of scientists working on cytisine (Cytisine for Smoking Cessation Group)

2015: First description of cytisine pharmacokinetics in humans (Jeong et al.) [42]
201 6: Editorial published in Addiction calling for cytisine licensing to ensure its life-saving potential is reached globally (Walker et al.) [43]
2017: Cytisine Clinical Development Program announced for potential global development and commercialization of cytisine for smoking

cessation (Achieve Life Sciences)

2017: Cytisine launched as an over-the-counter (OTC) herbal product (Cravv®) in Canada [44]
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Figure 2 The number of cytisine packs purchased for smoking cessation in Poland from 2000 to 2015. The solid line shows the number of Tabex®
packs sold and when at 2012/13 Desmoxan® entered the market (illustrated by corresponding broken line marking). The second dotted line shows
the overall trend packaged data of cytisine sales for both Desmoxan® and Tabex® combined over time (Poland National Sales Data 2016) [45]

Poland [46]. However, current evidence is limited to expert
opinion provided in a recent commentary [46]. Further
studies are needed at a population level that examine
smoking prevalence and implementation of all tobacco
control measured over time to elucidate a more robust es-
timation of cytisine’s impact on smoking rates [11,46].

In Canada, cytisine has been recently launched
(August 2017) as an OTC herbal product in capsule form
under the brand name Cravv®. The recommended treat-
ment period is the same as for Desmoxan® or Tabex®
[44]. To date no published research exists on this product
and its current marketed price is C$50 for a full course of
treatment.

Mechanism of anti-smoking action
In-vitro studies

Nicotine is the main psychoactive component of tobacco
responsible for addiction [47].

Nicotine addiction is associated with repeated nicotine
ingestion from cigarettes leading to stimulation of brain
nAChRs and release of dopamine and other neurotrans-
mitters from the nucleus accumbens, ventral tegmental
area (VTA) and frontal cortex area [48]. The nAChRs are
a critical target for medication development. Cytisine binds
predominantly to a4p2* (*denotes the presence of other
possible subunits in the receptor complex) subtype of
nAChRs which mediates, at least partially and probably
mainly, the rewarding and reinforcing effects of nicotine.
Receptor binding data show that the affinity of cytisine to
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a4p2* is approximately sevenfold higher than that of nico-
tine [49] but fivefold lower than that of varenicline [50],
another nAChRs partial agonist commonly used for
smoking cessation.

Cytisine has been classified as a selective partial agonist
at 042" nAChRs. The alkaloid binds with higher activity
to a4p2* nAChRs (K = 1.65 nm) than nicotine [13], but
has only partial efficacy at these receptors in comparison
with a full agonist, i.e. nicotine. The agonist activity of
cytisine is determined by both receptor activation and re-
ceptor desensitization. In a study on the functional effects
of cytisine, at a 10-uM concentration and measuring the
current evoked at a4p2* Coe et al. estimated agonistic ef-
fects of the alkaloid at 56% of the response to 10 pM nico-
tine [49]. Another study carried out on human o4p2*
nAChRs expressed in Xenopus oocytes demonstrated that
a brief application of cytisine resulted in activation of these
receptors, whereas sustained exposure desensitized the re-
ceptors. Desensitization of a4p2* nAChRs was observed
at lower concentrations than those needed for activation
[50]. Cytisine is less potent in desensitizing 04p2* nAChRs
than varenicline [13]. Cytisine acts as an antagonist at
a4p2* nAChRs; antagonist activity refers to competition
with inhaled nicotine for receptor occupancy. When
cytisine and nicotine were co-administered, cytisine par-
tially blocked (30% inhibition) the activity of nicotine
[49]. For comparison, varenicline blocked the activity of
nicotine by 34% [49].

The interaction of cytisine with a4p2* nAChRs re-
sults in the modulation of the release of mesolimbic
dopamine associated with pleasure and smoking
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satisfaction. An efficacy study demonstrated that cytisine
elicits dopamine release from striatal slices, with the
maximum release reaching approximately 50% of that
seen with nicotine [51].

Recent studies have demonstrated that a632* nAChRs
are subtypes that mediate nicotine-evoked dopamine
release in nucleus accumbens and VTA and nicotine self-
administration in rodents contributing to dependence
[52]. Cytisine binds with high affinity at a6p2* nAChRs
[13]. The limited data on the functional effects of cytisine
at the a6p2* nAChRs suggest that cytisine is a partial
agonist at these receptors with relative agonist efficacy to
the full agonist acetylcholine (E.,) value 40% [13].
Cytisine can activate a6B2* subtypes at 10-100 times
lower concentrations than needed for o04p2* nAChRs
activation [53]. The drug causes extensive 0.632* nAChRs
desensitization at similar concentrations to varenicline
(approximately 40% of the fraction of a632* nAChRs
desensitized by nicotine from smoking) [13]. Cytisine has
been shown to antagonize a6p2* nAChRs. However, the
percentage decrease for nicotine receptors occupancy is
significantly lower compared to varenicline [53]. Thus, it
remains unknown whether the antagonist activity of
cytisine at 0632* nAChRs contributes to its anti-smoking
effects.

In addition to receptors containing the f2 subunits, the
a7 nAChRs have been implicated in mediating some phar-
macological effects of nicotine [54]. According to studies
on recombinant human receptors, cytisine is a full agonist
of a7 nAChRs [55]. The potent high-efficacy activation of
a7 nAChRs may be important in the clinical effects of
cytisine as a smoking cessation drug. However, in-vivo
pharmacological experiments are needed to confirm this
speculation.

Of note, cytisine exerted negligible affinity for non-
nicotinic neurotransmitters, transporters, modulatory
binding sites and hormone receptors [8].

In-vivo studies

The partial agonism of cytisine at the 042* nAChRs has
also been shown in animal studies. Coe et al. assessed the
efficacy of cytisine and varenicline by measurement of do-
pamine turnover (a measure of the synthesis and utiliza-
tion of dopamine) in the nucleus accumbens of rats
treated with cytisine or varenicline [49]. When cytisine
was administered alone subcutaneously at a dose of
5.6 mg/kg, the dopamine turnover increased with an effi-
cacy amounting to 40% of the maximum dopamine turn-
over response for nicotine (1 mg/kg). In animals treated
concurrently with nicotine, cytisine inhibited the nicotine
effect by 36%. By comparison, varenicline given alone
was able to enhance the dopamine turnover to 32% of
the maximal nicotine effect. Varenicline administered
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concurrently with nicotine inhibited the nicotine response
by 66%. In another study, cytisine was administered orally
in a dose-dependent manner which increased dopamine
turnover in rat nucleus accumbens, but its effect compared
to varenicline was weaker [50].

The partial agonist effect of cytisine at a4p2* nAChRs
has been confirmed in pre-clinical addiction-related behav-
ioral models. Brain a4p2* nAChRs play a key role in dis-
criminative stimulus effects of nicotine in contrast to
other central nicotinic receptors (e.g. a3p4* and a7). The
drug discrimination assay provides a tool to directly assess
both agonist and antagonist functions of cytisine. Animal
studies showed that cytisine in a nicotine discrimination
assay produced agonist-like effects [14,53,56—60] and rel-
atively weak antagonist effects [14,53,58,59]. A nicotine-
discrimination assay in rhesus monkeys did not detect a dif-
ference in agonist efficacy between cytisine, nicotine and
varenicline but showed evidence of involvement of dopa-
mine in the action of all agonists [61]. In another study
in rats, cytisine exhibited lower antagonism of nicotine’s
discriminative stimulus effects than varenicline [53]. Sev-
eral lines of evidence suggest that cytisine, like nicotine,
could serve as a robust discriminative stimulus, although
it was found to be much less potent than nicotine in the
behavioral studies [14,58].

Intracranial self-stimulation (ICSS) is a behavioral pro-
cedure used to study the abuse potential of drugs in which
the operant response is maintained by pulses of electrical
brain stimulation. The acute administration of a drug of
abuse diminishes the ICSS threshold, which is indicative
of a potentiation of brain reward function [62]. In contrast,
drug of abuse withdrawal is associated with elevations in
ICSS thresholds and anhedonia, which is a hallmark symp-
tom of depression. ICSS studies of the VTA in rats have
found that nicotine reduces the stimulation threshold de-
termined using rate-independent methods. Unlike nicotine
and varenicline, cytisine was unable to change the ICSS
threshold [60,62]. These findings suggest that cytisine does
not potentiate brain reward function in rats [62]. The effect
of cytisine on the brain reward function in nicotine-
withdrawing rats has been determined in two studies.
Cytisine, similarly to varenicline, reversed threshold eleva-
tions associated with nicotine withdrawal [60,62]. As
suggested by a study by Igari et al., cytisine may prevent
smoking relapse by diminishing the negative mood state
caused by smoking cessation [62].

The systemic application of nicotine stimulates the
spontaneous locomotor activity [63]. Cytisine (up to
3 mg/kg) has no effect on locomotor activity in rats
[60,64], but is able to suppress fully the nicotine-
facilitated locomotion [60]. However, in another behav-
ioral model based upon locomotor activity, cytisine is
more potent than nicotine when it is administered by
direct injection into the central tegmental area of the
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rat brain [65,66]. This effect seems to be mediated by
the mesolimbic dopamine system [66].

Acute presentation of nicotine is known to reinstate
nicotine seeking behavior (self-administration) in animals
[60]. This self-administration behavior is believed to model
drug use in humans. Earlier studies demonstrated that
drug-naive mice self-administered cytisine intravenously,
which suggested that cytisine had reinforcing effects [67].
In a more recent study by Radchenko et al. cytisine failed
to reinstate nicotine-seeking behavior in rats [60]. This
finding suggests that cytisine is unlikely to induce relapse
to nicotine-seeking during abstinence. However, the num-
ber of animal studies on the reinforcing and rewarding ef-
fects of cytisine is limited, and further studies are
necessary to resolve this issue.

Addiction to tobacco is multi-factorial, and can be con-
sidered as a combination of a desire for the direct pharma-
cological actions of nicotine and learned associations and
relief of withdrawal symptoms when nicotine is not avail-
able [47]. Theoretically, cytisine acting as a partial agonist
of a4f32* nAChRs and substituting for nicotine would mod-
erately increase the dopamine level and turnover in the
mesolimbic system, and consequently attenuate the with-
drawal symptoms [6,49]. So far, however, experimental
data has been limited and inconclusive. A statement of be-
havior—whether cytisine attenuates the withdrawal
symptoms—is important from a clinical point of view be-
cause it will allow modification of a treatment regimen
(e.g. extending the period of cytisine use post quitting to re-
duce these symptoms). It is also not known whether
cytisine per se can precipitate some withdrawal symptoms.

Until recently, it was believed that the behavioral profile
of cytisine was very similar to that of varenicline and other
partial agonists of nAChRs. Interestingly, new studies have
found cytisine to produce a relatively unique pattern of
in-vivo effects compared to varenicline in rats [60,62].

Of note, the lower efficacy of cytisine in causing dopa-
mine release compared with nicotine suggests that cytisine
should be less addictive than nicotine. Although previous
clinical observations do not indicate that cytisine has ad-
dictive properties, it is necessary to confirm this based on
behavioral studies and trials.

In conclusion, in-vivo cytisine data are in relative con-
cordance with binding and functional data reported for
cytisine via in-vitro studies.

Pharmacokinetics

Understanding the pharmacokinetics and pharmacody-
namics of a drug is useful in determining the optimal ther-
apeutic dose, dosing interval and physiological or disease
factors that might influence drug response. Pharmacoki-
netic parameters of interest with respect to cytisine dosing
and pharmacodynamics include oral bioavailability, rate
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Figure 3 Mean plasma concentrations (ng/ml) of cytisine over
24 hours following a single 3-mg oral dose. Values are shown as
mean + standard error of the mean (SEM) (n = 7) (Jeong et al. 2015)
[42]. We thank the copyright holders, Wiley Publishing Group, for per-
mission to use this figure

and routes of clearance, tissue distribution characteristics
and half-life.

The standard 25-day cytisine dosing recommendation
for smoking cessation is 1.5 mg every 2 hours throughout
the waking day (up to six tablets) on days 1-3; 1.5 mg ev-
ery 2.5 hours (up to five tablets) on days 4-12; 1.5 mg
every 3 hours (up to four tablets) on days 13-16; 1.5 mg
every 4-5 hours (three tablets) on days 17-20; and
1.5 mg every 6 hours (two per day) on days 21-25. The
dosing regimen includes direction to not smoke by the fifth
day. With a 25-day treatment period, cytisine has the
shortest treatment duration of any of the currently ap-
proved smoking cessation medication [16].

The pharmacokinetics of cytisine in people have been
described in four studies [42,68-70]. In the first study
(Fig. 3), oral tablets of cytisine (Tabex™) were administered
in a dose of 3-7 mg among healthy male smokers [42].
Bioavailability (F) was found to be high based on recovery
of 90-95% of the dose in a 24-hour urine collection. Clear-
ance was found to be primarily renal, with minimal or no
metabolism. The oral clearance averaged 16.7 1/hour
(278 ml/min). As this is considerably greater than glomer-
ular filtration rate (100 ml/min), there is net renal secre-
tion. The volume of distribution (Vd/F) averaged 115l
(approximately 2 I/kg), indicating moderate tissue distribu-
tion. The plasma half-life averaged 4.8 hours. Of note,
cytisine was still measurable in blood (1 ng/ml) at
24 hours, suggesting slow tissue release [42].

A second study determined cytisine plasma concen-
trations in 10 smokers while taking a recommended
25-day cytisine (Tabex®™) dosing regimen for smoking
cessation [68]. Blood was collected at O, 2, 4, 8 and
10hours on day 1 then prior to the first morning dose
on subsequent visits (day of and day following each
change in dosing schedule) to measure plasma cytisine
concentrations. Accumulation of cytisine was observed
with repeated dosing of cytisine on day 1. The
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mean * standard error of the mean (SEM) plasma
cytisine concentration measured at 10hours was
50.8 + 4.7 ng/ml. After modest accumulation over the
first 3 days, due to subsequent dose tapering, there
was an overall decrease in plasma cytisine concentration
over the remainder of the treatment period [68].

A third study examined the dose-proportionality and
safety of higher doses of cytisine, comparing 1.5, 3.0
and 4.5 mg (one, two or three Desmoxan® capsules)
[70] in groups of six smokers at each dose. Dose-
proportionality for maximal concentration and area un-
der the plasma concentration—time curve was confirmed.
Adverse effects were mild, with dizziness noted by two of
six participants receiving 4.5 mg cytisine. These data
support the idea that doses higher than 1.5 mg, dosed
less frequently than every 1.5-2 hours, are feasible for
future smoking cessation trials.

A recent study evaluated the bioavailability of 3 mg
cytisine (Tabex®™) under fed and fasted conditions in 24
healthy volunteer subjects [69]. As reported: ‘Cytisine
was extensively absorbed after oral administration with
the maximum cytisine concentration being observed in
the blood within less than an hour. Study results demon-
strated bioequivalence when cytisine was administered
with or without food’. However, at the time of this review,
the detailed results of this study were not yet published.

Prior studies in animals also demonstrated high oral
bioavailability and minimal metabolism. In rats, cytisine
circulates unbound in plasma [50]. The drug has a
pKa of 7.8, meaning that 72% circulates in the freebase
form at physiological pH. For comparison, nicotine has a
pKa of 8.0 and varenicline a pKa of 9.3, so 80 and 99%
of nicotine and varenicline are present in the freebase
form at physiological pH. Cytisine is less lipophilic than
either nicotine or varenicline. Both the drug concentra-
tion in freebase form and lipophilicity can influence
brain uptake. In rats, the brain concentration of cytisine
are approximately 30% that of plasma [14], while for
nicotine and varenicline brain concentrations are higher
than blood concentrations. Thus, for any given plasma
level, brain concentrations of nicotine and varenicline
are much higher than those of cytisine. Studies in
rats indicate that cytisine is not transported by P-
glycoprotein 1 (Pgp) or breast cancer resistance protein
(BCRP) efflux transporters [50].

As noted previously, cytisine is taken orally over
25 days, starting from one tablet every 2 hours tapering
to two tablets per day. It is conceivable, as demonstrated
by Jeong et al., that with a half-life of approximately 5 hours
and with regular dosing, accumulation of cytisine in the
plasma and tissues over 24 hours would occur, then stabi-
lization [68]. As the dosing interval becomes longer during
the period of treatment, for example one to two doses per
day, it is expected that the plasma levels and
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pharmacological effects for much of the day would be quite
small. However, as noted below, even very low levels of
cytisine might be able to sustain nAChRs desensitization.

Based on minimal metabolism and no effect of trans-
porters, one would anticipate no significant pharmacoki-
netic drug interactions. Given the renal route of
clearance, dose adjustment should be considered in people
with severe renal insufficiency.

Of note, a new open-label, randomized, multi-dose
study is currently in progress in Wales to evaluate the
pharmacokinetic profile and pharmacodynamic effect of
cytisine when administered at doses of 1.5 mg and
3.0 mg following the standard 25-day schedule [71].

EFFICACY FOR SMOKING CESSATION

Clinical trials evaluating cytisine as a smoking cessation
aid

The first clinical studies of cytisine for smoking cessation
were conducted more than 40 years ago prior to the
advent of Good Clinical Practice (GCP) guidelines [24—
26,35,36,41,72,73]. Only three trials were placebo-
controlled [24-26]. A description of earlier placebo-
controlled studies is provided in the Etter [10], Tutka [6],
Hajek et al. [20] and Cochrane [19] reviews.

Evidence of the efficacy of cytisine (used as Tabex®)
have come from several clinical trials. An open-label, un-
controlled trial (25-day treatment regimen with a single
session of brief behavioral support) in 436 Polish partici-
pants demonstrated that the 12-week self-reported (not
biochemically verified) abstinence was 27.5%, whereas
12-month verified exhaled carbon monoxide (CO) absti-
nence was 13.8% [23]. A Kyrgyzstan-based randomized,
placebo-controlled trial conducted among mining com-
pany workers (n = 171, mostly male participants, 25-day
treatment course with individual counseling with bro-
chure) showed that at 26 weeks 10.6% of participants
were continuously abstinent (self-report) in the cytisine
group compared to 1.2% in the placebo group (P = 0.01)
[relative ratio (RR) = 8.73, 95% confidence interval
(CI) =1.13-67.61][21]. In a large (n = 740, 25-day treat-
ment course, with minimal amount of behavioral counsel-
ling) Polish single-center, randomized, placebo-controlled
trial, the sustained 12-month CO-verified abstinence rate
was 8.4% with cytisine and 2.4% with placebo (risk differ-
ence 6.0,95% CI=1.66-7.13, P=0.001) [7]. None of the
clinical trials evaluating cytisine’s efficacy for smoking ces-
sation published to date have been sponsored by pharma-
ceutical companies manufacturing cytisine.

It is difficult to compare cytisine as a smoking cessation
aid to other cessation medications, because only data from
one pragmatic randomized clinical trial are available. This
large (n = 1310) open-label, non-inferiority trial tested

Addiction, 114, 1951-1969

25UB01 SUOLUWOD SAIERID) 3|ed! dde 8 Ag pouBAb a8 SaPILE YO ‘38N JO SN 0y ARIGIT BUIUO B]IM UO (SUONIPUOO-PLE-SWBYLICO" A8 |1 ARG BU1UO//SAIY) SUOTIPUOD PUE SWi | 31395 *[£202/70/G2] U0 AReiq 112Ul AB1IM *AISIBAIUN MOZSOZY Ad TZ2T PRE/TTTT OT/0p/W00" AW AIRIq1pul|uo//Sdny wol) popeojumoq ‘TT ‘6T0Z ‘Srv009ET



Cytisine as a smoking cessation aid 1959
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Figure 4 Flow-chart demonstrating the fittering process used to select eligible studies investigating efficacy of cytisine for smoking cessation in the

review

cytisine’s (Tabex®) effectiveness compared to NRT in New
Zealand [22]. Cytisine was superior to NRT in helping
smokers to quit at every follow-up: 1 week (60 versus
46%, P < 0.001), 2 months (31 versus 22%, P < 0.001)
and 6 months (22 versus 15%, P = 0.002). At 1 month
post-quit date the self-reported continuous abstinence rate
was 40% in the cytisine group and 31% in the NRT group
(risk difference = 9.3, 95% CI = 4.16-4.48). At 6 months
the risk difference was 6.6 (95% CI = 2.4-10.8) [22]. Evi-
dence that cytisine is superior to NRT is also supported by
results from a recent cross-sectional study using data from
a nationally representative household survey of smokers
from Russia. Self-reported smoking abstinence rates for
cytisine and NRT were 50 and 36% at 30 days and 25
and 11% at 90 days, respectively. After adjusting for age
and gender, cytisine was found to be more effective than
NRT for 90-day abstinence with odds ratio (OR) = 2.91
(95% CI = 1.28-6.59, P = 0.011) [74].

Meta-analysis of cytisine efficacy versus placebo

Our literature search identified 315 publications in
EMBASE and 176 publications in PubMed since 2012,
along with 32 publications in www.elibraryru (Fig. 4).

© 2019 Society for the Study of Addiction

Following article screening two additional publications
[22,75] were identified among the three databases
(EMBASE, PubMed and www.elibrary.ru) searched. How-
ever, one of these two newly identified studies employed a
non-inferiority design comparing cytisine to NRT [22];
therefore, it could not be included in the final meta-analysis
with the remaining eight superiority studies comparing
cytisine to placebo. The second newly identified study
was conducted by Levshin et al. in Russia [75], and had
not been considered in any of the preceding reviews.
Levshin et al. [75] randomized participants to either
cytisine (Tabex™) (n = 92) or placebo (n = 104), although
14 more participants were initially randomized but were
lost after the first visit. The participants were offered medi-
cation or placebo. Subjects received behavioral support (de-
scribed as ‘standard psychological support’) and were
invited to follow-up visits at the end of weeks 1 and 4,
and contacted by telephone after 3 and 6 months of treat-
ment. By the end of 12 weeks, 23 (25%) patients in the
cytisine group and 12 (11.5%) patients in the placebo
group reported being continuously abstinent (RR = 2.16,
95% CI = 1.13-4.12). The authors stated that the
follow-up visits included measurement of exhaled CO, but
it is unclear if it was used after 3 and 6 months of
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Figure 5 Forest plot of efficacy in eight included studies (cytisine versus control group). N I = sample size of the cytisine group; N2 = sample size of

the placebo group; Cl = confidence interval [Colour figure can be viewed at wileyonlinelibrary.com]

treatment, so it is most likely that a verified continuous ab-
stinence outcome was not adopted.

Our updated meta-analysis adds the Levshin et al. study
[75] to an earlier seven controlled trials [7,21,24-27,76]
in the review of Hajek et al. [20] and a total of eight supe-
riority studies are now analyzed in the current update.
We extracted data from the Levshin et al. study to calculate
the RR as an effect measure with its corresponding 95% CI.
The Preferred Reporting Items for Systemic Review and
Meta-Analyses (PRISMA) [77] approach was used to re-
port our findings, and the PRISMA checKklist is included
as Supporting information.

Figure 5 shows the results of our updated meta-
analysis. The overall analysis of eight included studies
confirmed previously published data that cytisine was
an effective medication, increasing the likelihood of suc-
cessful treatment by 75% compared to placebo. With
heterogeneous results, the overall RR of successful con-
tinuous abstinence in a random-effects model was 1.74
(95% CI = 1.38-2.19). Studies with biochemically veri-
fied abstinence yielded much higher cytisine efficacy,
with RR = 3.33 versus 1.53 (Table 2). Of note, self-
reported abstinence could explain some heterogeneity,
because studies with biochemical verification were some-
what homogenous. When limited to studies estimating
abstinence at longer follow-up, between-study heteroge-
neity was reduced. Despite these differences, stratifica-
tion in groups of longer versus shorter abstinence did
not notably change the overall RR of quitting. With re-
gard to publication bias, Begg's (P = 0.09) and Egger’s
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Table 2 Stratification analysis of studies for self-report versus
biochemically verified and 3 months as a cut-off for abstinence.

Random effects Heterogeneity

Group n RR C, Cly P I

1.53 129 1.83 001 63.0%
333 153 723 029 122%
1.80 1.25 258 0.002 79.9%
1.60 124 206 007 53.9%

Self-report
Biochemically verified
Less 3 months

[SSENV, B SN

More 3 months

Self-report group includes studies 1-5 and 7 from Fig. 5. Biochemically ver-
ified group includes studies 6 and 8 from Fig. 5. Less than 3 months’ dura-
tion studies were studies 1,3-5 and 7, whereas more than 3 months’
duration were studies 2, 6 and 8 from Fig. 5. RR = relative risk; CI, = lower
confidence interval; CI,, = upper confidence interval.

tests yielded contradictory results, indicative of some
publication bias present, i.e. some likelihood of smaller
studies not to be published.

Active clinical trials of cytisine for smoking cessation

There is no information as to whether or not cytisine is
as effective as varenicline. Non-inferiority trials (n = 2)
comparing cytisine to varenicline for smoking cessation
are under way in Australia (n = 1266 smokers; stan-
dard 25-day course of Desmoxan®) [78] and New
Zealand (n = 2140; Maori smokers and their family
members; 12-week course of Tabex™) [79]. Another pilot
randomized study comparing cytisine to varenicline in
the primary care settings in Croatia and Slovenia has
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been announced (n = 380; standard 25-day treatment
regimen; trade name not announced) [80]. A random-
ized, placebo-controlled trial funded by the National In-
stitutes of Health (NIH) studying the effects of cytisine
(Tabex™; standard 25-day course) in comparison with
varenicline and NRT on alcohol and tobacco use in
400 HIV-infected patients is under way in Russia [81].
Further, a multi-centre randomized controlled trial is be-
ing conducted to assess cytisine (Desmoxan®; standard
25-day course) for smoking cessation in patients with
tuberculosis (n = 2388) in Bangladesh and Pakistan
[82]. Another study on cytisine versus nortriptyline
has recently commenced recruitment in Thailand [83].
An oral cytisine form is used in this study, manufactured
by the Thailand Government Pharmaceutical Organiza-
tion; however, the treatment regimen has not been an-
nounced. Very recently, a multi-centre trial assessing
the effectiveness of cytisine versus placebo for smoking
cessation among secondary care cancer patients has
been announced in Poland, but further details are not
available [80]. The findings from these trials will be vital
for informing policy makers around the world and for
wider global dissemination of cytisine.

Of note, almost all cytisine trials have been con-
ducted in participants smoking 10 or more cigarettes
per day. For smokers who smoke < 10 cigarettes per
day, it is important to assess the efficacy of cytisine in
this population in future studies. In five of eight trials in-
cluded in our meta-analysis, smokers received only min-
imal or no behavioral support. Given that the success
rate of smoking cessation is associated with intensity of
support [84], it is very likely that more intensive support
may significantly increase the long-term abstinence rates
for cytisine [20].

SAFETY AND ADVERSE REACTIONS
Overdose and toxicity

In 1877 it was known that the consumption of certain
parts of plants containing cytisine or drinking of tea made
from the flowers or leaves of the plants could cause toxic ef-
fects resembling nicotine poisoning in children or the
elderly [29].

We found 10 studies reporting toxicity of plant mate-
rial containing cytisine in humans [85-94]. Among
these studies, two reports described fatal cases of Labur-
num poisoning [89,92]. The first report of Laburnum seed
poisoning described a fatal case of a 50-year-old schizo-
phrenic man who had swallowed 23 pods (the most
likely absorbed dose of cytisine at approximately
50 mg) [92]. The second fatal cytisine intoxication case
was described in a 20-year-old man who had drunk tea
prepared from Laburnum, and cytisine was quantified in
post-mortem specimens [89]. Two recent reports of

© 2019 Society for the Study of Addiction
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toxicity were not discussed in the previous cytisine re-
views [93,94]. Three boys, aged 5—6 years, were acci-
dentally poisoned from ingesting a variable number of
Spartum junceum (Genista juncea, Spanish broom) seeds
containing several quinolizidine alkaloids, including
cytisine. The intake of one to eight seeds was accompa-
nied by moderate symptoms, including digestive prob-
lems, and in one case neurological symptoms and
minor metabolic acidosis. The children responded well
to a gastric lavage and activated charcoal and were
discharged 24 hours after ingestion [94]. Two patients
were poisoned after simultaneously ingesting Baptisia
plant material which contained cytisine. In addition to
symptoms resembling nicotine toxicity, profound ataxia
was present in both [93].

Analysis of all case reports indicates that poisoning
symptoms with cytisine are analogous to symptoms of nic-
otine intoxication. In the early phase of cholinergic stimu-
lation they include nausea, vomiting, abdominal pain,
general weakness, tachycardia, hypertension, respiratory
stimulation, pupil dilatation and tremor. The second
inhibitory phase consists of bradycardia, hypotension and
dyspnea, finally followed by coma and respiratory failure.
Exposure to plants containing cytisine can result in severe
poisoning, but management with primary emphasis on
cardiovascular and respiratory supportive care should re-
sult in a full recovery [90].

Despite widespread use in many countries, there have
been no recorded deaths in humans caused by the con-
sumption of excessive doses of Tabex® or Desmoxan®.
The lethal dose of cytisine in humans is still unknown. Ac-
cording to one quoted report in the literature of overdose
and attempted suicide, intake of approximately 40-50
(60-75mg) and 90 (135 mg) Tabex® tablets did not result
in fatal or serious health consequences. In another case,
ingestion of 30 mg of cytisine with excessive doses of the
antidepressants moclobemide, venlafaxine and mianserin
also did not cause any severe or persistent health conse-
quences [95]. In a New Zealand-based trial two people
reported that they took all 100 tablets of Tabex™ in 1 week
and reported no ARs [22].

Clinical trials evaluating cytisine safety and adverse
reactions

Serious adverse events

Six trials provided data on serious adverse events (SAEs)
[7,21-23,26,28]. An open-label, uncontrolled trial [7]
and placebo-controlled study by Vinnikov et al. [21] re-
ported no SAEs. Schmidt reported three SAEs in the
cytisine group and one in the placebo group [26]. Monova
et al. reported one serious adverse event (rhabdomyolysis)
in the cytisine group and none in the placebo group [28].
In the trial by West et al. there were seven SAEs (four
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among participants receiving cytisine and three among
those receiving placebo), five deaths (two in the cytisine
group, due to lung cancer and cardiac arrest and three in
the placebo group, due to lung cancer, hemorrhagic stroke,
and chronic obstructive pulmonary disease) and two hospi-
talizations (both in the cytisine group, for stroke and tra-
cheal cancer). Most events took place after the treatment
phase of the trial and involved participants with long-
standing illnesses. None of the SAEs was deemed to be re-
lated to cytisine.

There were no significant differences in the frequency of
SAEs between cytisine and placebo in controlled trials
[7,21,26,28].

In the trial comparing cytisine to NRT, SAEs were self-
reported in 6.9% of participants in the cytisine group and
6.0% in those in the NRT group (RR = 1.25, 95%
CI = 0.85-1.85) [22]. There were two deaths: one person
in the cytisine group died of alcohol-related asphyxiation
during the treatment period and one in the NRT group died
of a heart attack during follow-up. Neither death was
deemed to be treatment-related.

Cytisine sales data from IMS Poland [45] indicate that
exposure to cytisine is greater than 30 million patient-
days. A recent periodic safety update did not identify any
serious and life-threatening signals for cytisine (based on
a sample of more than 7 million exposed smokers).

Adverse reactions

There was no difference in overall ARs between cytisine
used at its therapeutic dose (1.5-9 mg per day for 25 days)

and placebo in clinical trials. The RRs of ARs for each
placebo-controlled study included in our meta-analysis
are presented in Fig. 6.

In studies conducted in the 1960s and 1970s, the per-
centage of drug discontinuation was approximately 6%
[96] and the most common reason for discontinuation
was nausea [8,26]; however, monitoring of frequency of
drug discontinuation and ARs led to fragmented results
and some doubt surrounding tolerance. In the Polish un-
controlled open-label cytisine trial discontinuation due to
ARs was 15.5% [23]. In two new placebo-controlled trials,
the percentage of withdrawal or reduction of the dose were
4.7% for cytisine versus 4.7% for placebo [21] and 6.2% for
cytisine versus 4.6% for placebo (RR = 1.3, 95% CI = 0.7—
2.5) [7]. Levshin et al. did not report a discontinuation rate
[75]. The discontinuation rate due to ARs observed with
cytisine seems to be comparable to discontinuation rates
observed with varenicline and bupropion [7].

Among five modern trials [7,21-23,75], in four of these
trials [7,21-23] the most frequently reported ARs were
gastrointestinal (GI) symptoms (dry mouth, nausea, dys-
pepsia and upper abdominal pain). In observational un-
controlled trials the most frequent AR was mouth
dryness, which occurred in 35% of patients taking cytisine
[23]. In two placebo-controlled studies the occurrence of
GI symptoms was 3.5% for cytisine versus 3.5% for placebo
[21] and 13.8% for cytisine versus 8.1% for placebo [7]. GI
symptoms were found to be mild and transient [7,23] In
the Levshin et al. study most frequent ARs were headache
and dizziness, which occurred in 11.3% of participants tak-
ing cytisine and 2.5% of participants taking placebo [75].

Relative %
risk (95% Cl) Weight N1 N2
1.15(0.89,1.48) 3371 607 607

0.86 (0.67,1.11) 33.71 181 237

1.51(0.65,3.50) 3.08 75 715

0.80(0.22,2.93) 1.31 85 86

1.84(1.00,3.38) 5.93 92 104

1.28(0.94,1.76) 2226 370 370

1.10(0.95,1.28) 100.00

Study
!
Scharfenberg et al., 1971 e
1
1
Schmidt, 1974 S o
:
1
Monova et al., 2004 | -
|
Vinnikov et al., 2008 ~ ¢—e f
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1
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Figure 6 Forest plot of all adverse reactions in six included studies (cytisine versus placebo). NI = sample size of the cytisine group; N2 = sample

size of the placebo group; Cl = confidence interval [Colour figure can be viewed at wileyonlinelibrary.com]
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In the trial comparing cytisine to NRT, the frequency of
all ARs was higher among participants in the cytisine arm
(31%) than in those in the NRT arm (20%) [22]. Nausea,
vomiting and sleep disorders occurred more frequently in
the cytisine group than in the group receiving NRT (4.6
versus 0.03%, respectively) [22]. Among smokers in the
cytisine group who reported an adverse event, more than
82% stated they would still recommend cytisine to a
smoker who wanted to quit [22].

The frequency and severity of ARs with cytisine com-
pared to varenicline will be determined when current ac-
tive comparator trials are complete [78,79].

Figure 6 shows the results of our meta-analysis of ARs.
Of eight studies in the efficacy analysis, the studies of Paun
& Franze [25] and Marakulin et al. [27] did not report ARs;
therefore, our pooled AR analysis is built on the data from
six studies. As shown in Fig. 6, the overall random-effects
pooled RR of all ARs in the treatment group did not statis-
tically differ from placebo (RR = 1.10, 95% CI = 0.95-
1.28). Because one study [26] used a different approach
in adverse event risk calculation, we also performed a sen-
sitivity analysis excluding this study from the analysis,
which resulted in the overall RR = 1.25 (95% CI = 1.05—
1.49).

So far, clinical studies have not shown that cytisine un-
der its current dosing regimen causes significant cardiovas-
cular ARs [7,22,23]. Also, a recent pharmacokinetic study
with cytisine administered at a dose twice the maximum
single dose showed no significant effect on cardiovascular
parameters [42]. However, caution here is warranted, as
data capture is incomplete and no studies have evaluated
ARs of cytisine in patients with cardiovascular diseases.

Of note, the modern placebo-controlled trials of cytisine
for smoking cessation excluded participants with schizo-
phrenia and schizoaffective disorder and severe forms of
major depression and bipolar disorder. However, two obser-
vations on the action of cytisine in patients hospitalized in
psychiatric clinics have been reported [97]. A patient who
had taken 90 tablets of Tabex™ for 3—4 days every time he
felt a desire to smoke developed psychosis. The psychosis
had a polymorphic symptomatology and a fluctuating
course with prevailing oneiric, angry and catatonic ele-
ments. During remission, another patient, a woman with
a schizoaffective disorder, developed psychotic symptoms
with maniac-like characteristics within a few days after
she had begun taking Tabex® (number of tablets
unknown).

In one very small Bulgarian study, Tabex™ was used for
smoking cessation in five women with depression [97]. A
swift increase of working activity followed by an improve-
ment of mood was observed in these patients. This observa-
tion is particularly interesting in the context of pre-clinical
reports, finding that cytisine works as an antidepressant in
animal models [98,99].

© 2019 Society for the Study of Addiction
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However, safety of cytisine in patients with psychoses
and affective disorders is unknown and should be consid-
ered for future research.

An influence of cytisine on the action of other drugs has
been investigated only in one clinical study [72]. No unfa-
vorable interactions with insulin, neuroleptics and antide-
pressants were observed. Recent studies showed that
cytisine antagonized the anticonvulsant activity of
lacosamide, lamotrigine, levetiracetam, phenytoin and
pregabalin in experimental models of human seizures in
mice, and the observed effects of cytisine most probably re-
sulted from the pharmacodynamics mechanism(s)
[100,101]. Future research attention is needed on the
safety of cytisine use in combination with other
medications.

As a drug with a benign safety profile, cytisine seems to
be suitable for purchase with minimal or no medical super-
vision, as is currently the case in Poland, Russia and
Canada [102].

Treatment regimen and adherence

First, adherence to the current treatment regimen for
cytisine is poor and undermines treatment success, despite
its use being associated with increased rates of quitting
[20,22]. Very few studies have evaluated treatment adher-
ence, but in two studies that have evaluated medication
use, smokers are using fewer cytisine tablets than recom-
mended [20,22]. The most recent randomized clinical trial
evaluation of cytisine use (n = 655 smokers) found that at
1 week after quit date, participants reported taking a mean
of 49 tablets of the 63 tablets recommended; at 4 weeks,
participants reported taking a mean of 72 tablets of the
100 tablets recommended. Only half of participants
(53%) were adherent to treatment guidelines (i.e. taking
80 or more tablets). The median time to relapse was signif-
icantly longer for those participants who were adherent
with treatment (127 days) compared to those who were
not adherent (20 days) [22]. Therefore, enhanced treat-
ment adherence strategies are needed to improve quit rates
for the traditional 25-day course of cytisine.

Secondly, the dosing regimen for cytisine was first
established in the 1960s on an unknown basis, and an op-
timal dosing schedule has not been scientifically validated.
Only in 2015 were the first pharmacokinetic data in
humans published [42]. It seems that the current dosage
regimen is unlikely to be optimal and requires modification
to potentially improve patient compliance. Findings from a
New Zealand dose escalation study suggest that dose mod-
ifications to the current standard dosing regimen are wor-
thy of further investigation. It may be possible to simplify
the current dosing regimen by increasing a single dose
(e.g. to 4.5 mg), reducing the dosing frequency and in-
creasing the dosing interval [70]. Studies to explore a
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simplified cytisine dosing regimen are warranted to im-
prove treatment adherence, which may lead to better treat-
ment efficacy in smokers.

Thirdly, due to a lack of empirical research, there is a
need to explore variations in the drug regimen. Changes
in dosing regimen might increase efficacy of cytisine. A
short duration of cytisine treatment seems to be an advan-
tage as most people do not use smoking cessation medica-
tions in accordance with guideline recommendations
[103]. Conversely, the administration of cytisine for longer
than 25 days (as with varenicline) may provide improved
outcomes. Application of maintenance doses or initiation
of therapy during smoking may also optimize treatment
outcomes [6]. A maintenance dose is being tested in the
current cytisine versus varenicline trial in New Zealand
[79]. An interesting observation is that some smokers at
the end of a 25-day treatment take cytisine ad hoc in situa-
tions when they have craving (desire to smoke a cigarette)
(Tutka, unpublished data, 2019). It is difficult to gauge if
such use is problematic, as no study has been undertaken
to address this question.

In all clinical trials, cytisine was used at the maximum
daily dose not exceeding 9 mg. In a study by Vlaev [97],
cytisine (Tabex®™) was used in smokers with depression in
ascending doses that were increased every day to a maxi-
mum daily dose of 22.5 mg. There was no significant in-
crease in ARs compared to traditional treatment
regimens identified at the exception of a slight decrease in
arterial blood pressure. Both a small sample size (n = 5)
and limited study details make it difficult to reach a conclu-
sion on the maximum daily dosage. Consequently, the
safety and efficacy of doses, apart from those recommended
by the manufacturers, remains unknown.

In Europe, cytisine is currently commercially available
in a tablet and capsule form. In Australia, cytisine can be
purchased on-line as oral strips [104], but their

Cytisine (Tabex®)

Cytisine (Desmoxan®)

pharmacokinetics and efficacy has not been studied. It is
possible that other forms of the drug, such as buccal films,
transdermal patches, inhalers or nasal sprays, could be
more effective and/or safer than tablets/capsules. To date,
all studies on cytisine were conducted on the oral tablet for-
mulation. Only research in Russia has been carried out on
the buccal films containing cytisine alone (1.5 mg),
anabasine (a tree tobacco (Nicotiana glauca) alkaloid with
agonist activity to nAChRs) alone (1.5 mg) or cytisine
(0.75 mg) in combination with anabasine (0.75 mg) in a
2-week regimen in 62 smokers. Forty-seven per cent of pa-
tients receiving films were reported abstinent at 15 days
[105]. Results by group were not indicated, but it was
stated that the films containing cytisine alone or cytisine
in combination with anabasine were more effective than
the films containing anabasine alone. Data from another
study using cytisine, anabasine or cytisine/anabasine buc-
cal films in a 2-week regimen, collected after 6 months in
201 smokers (including some psychiatric patients), dem-
onstrated an abstinence or partial effect (defined as a two-
fold reduction in the number of smoked cigarettes) in 50—
75% of participants. However, the results by groups were
not given [106]. New formulations might also show an in-
crease of treatment efficacy through improved adherence
to the treatment regimen.

Affordability and cost effectiveness

The case for making cytisine available makes sound eco-
nomic sense. Cytisine is much cheaper than other medi-
cines for smoking cessation that are cost-prohibitive in
many developing countries [107,108]. Varenicline, consid-
ered as the most effective drug for smoking cessation, has
been available since 2006, but its high cost has been a bar-
rier for its wider use, even in countries where there is insur-
ance coverage [9,109]. In Poland, one course of Tabex® is

Varenicline

Bupropion

NRT (gum)

NRT (patches)

NRT (tablets, 4mg)

NRT (spray)

S

50

i

100 150 200 250 300 350

oUSD mEUR

Figure 7 Estimated mean costs of full course of anti-smoking therapies in Poland (01/2017)
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Table 3 The cost of treatment with anti-smoking agents in
relation to the average monthly wage in Poland.

Treatment % of the average monthly salary
Cytisine (Tabex®) 1.6
Cytisine (Desmoxan®) 1.9
NRT (patches) 17.7
NRT (spray) 17.9
NRT (gum) 22.3
NRT (tablets, 4 mg) 24.6
Varenicline 24.8
Bupropion 27.3

NRT = nicotine replacement therapy.

US$11-17 and Desmoxan™ is US$17-21. A comparison of
the cost of anti-smoking therapies in Poland is presented in
Fig. 7. The cost of one cytisine course is 1.7-2.1% of the av-
erage monthly salary, approximately 15 times lower than
the 38.5% for a course of varenicline. Table 3 lists the cost
of treatment of various anti-smoking agents in relation to
the average monthly wage in Poland. The cost of a cytisine
treatment course in Bulgaria, Kazakhstan, Kyrgyzstan and
Russia is US$8, 13, 9 and 8, respectively.

Due to its efficacy and low price, cytisine has the poten-
tial to have an immense benefit on the health-care system
budget [110]. The cost savings will be of particular benefit
to health-care systems and to consumers in LMICs.
Cytisine has been shown to have a lower cost per quality-
adjusted life year (QALY) saved than NRT [111]. Recent
economic modeling suggests that cytisine may even be
more clinically effective and cost-effective than varenicline
[107]. This modeling relied upon the results from one
placebo-controlled trial [107], and the authors (along with
a Health Technology Assessment commissioned by the
NHS) conclude that confirmatory trials are necessary to re-
duce uncertainty about cost-effectiveness [112]. Recent
analysis by Anraad et al. confirms that smoking cessation
services can benefit economically from the inclusion of
cytisine as a cessation medication [113]. Interestingly, it
has been shown in New Zealand that cytisine (as originat-
ing from plants) may be attractive for smokers who prefer
natural medicines, e.g. Indigenous people [114] or for
those people who do not want to use nicotine-based
products.

CONCLUSIONS

Cytisine, a plant-based alkaloid, has been used for several
decades in central and eastern Europe as a smoking cessa-
tion aid. Activation and desensitization of a4p2* and a.6f32*
nAChRs (agonist activity) and the reduction of nicotine oc-
cupancy at 04p2* nAChRs (antagonist activity) seem to be
key factors underlying the anti-smoking effects of the drug
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[13]. Cytisine moderately increases dopamine levels in the
mesolimbic system and aids smoking cessation by reducing
the severity of nicotine withdrawal symptoms that often
precipitate relapse [8]. In addition, cytisine can act as a
competitive antagonist by competing with nicotine for re-
ceptor occupancy and, as a result, can prevent nicotine
from producing its maximal rewarding effect and satisfac-
tion associated with smoking [49,50].

Cytisine has demonstrated positive results from several
recent placebo-controlled trials in moderate to heavy
smokers. Our updated meta-analysis confirms significant
anti-smoking efficacy of cytisine compared to placebo.
The latest cytisine trial has found the drug to be superior
to NRT for smoking cessation. Cytisine has been well toler-
ated in clinical trials with no serious safety signals, but
the treatment is likely to be associated with more ARs
than NRT treatment. Nausea, vomiting, dyspepsia, upper
abdominal pain and dry mouth that were mild or moderate
were the most common ARs of cytisine. Ultimately, al-
though randomized clinical trials comparing efficacy and
safety of cytisine versus varenicline should be a priority,
to elucidate how cytisine’s efficacy and safety compares to
varenicline.

The broad range of topics covered, from basic science to
implementation trials, distinguishes our review from previ-
ous reviews. This review consolidates and provides new
data related to the nicotinic receptor interaction profile of
cytisine, its pharmacological behavioral properties, phar-
macokinetics and toxicity in humans, and updates clinical
evidence of cytisine efficacy for smoking cessation. Future
reviews should collect and discuss more comprehensive
safety data, especially related to smokers with neuropsychi-
atric and cardiovascular disorders and use of other medica-
tions. A comparison of cytisine efficacy with existing
anti-smoking treatments should also be a review priority.
Future trials of cytisine may also test more intensive behav-
ioral support.

Cytisine is currently considered a first-line pharmaco-
therapy for smoking cessation in countries, where access
to combined NRT or varenicline is limited due to availabil-
ity or cost.

The introduction of cytisine as a cheap and cost-
effective smoking cessation aid could potentially make a
major contribution to reduce smoking rates globally, par-
ticularly in developing countries where a cost-effective
pharmacotherapy is urgently needed
[6,20,43,109,111,115]. World-wide, cytisine’s wider
availability could lead to a cheaper, more affordable and ef-
fective cessation treatment for all smokers.
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