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The presence of N-nitrosamines in pharmaceutical 
products gained notoriety in 2018, when the regulatory 
agencies European Medicine Agency and U.S. Food 
and Drug Administration (FDA) became aware of the 
presence of N-nitrosodimethylamine in angiotensin II 
receptor antagonists (known as belonging to the group 
of sartans).(1) After that, there has been a concomitant 
recall of these drugs in the United States, European 
countries, Australia, and New Zealand.

On June 9, 2021, Pfizer Brazil announced that its 
varenicline tartrate, marketed in Brazil as Champix®, in 
all its forms would undergo a temporary withdrawal. (2) 
No mention to a nitrosamine impurity was made. On 
July 16, 2021 Pfizer USA issued a voluntary recall for 
twelve lots of varenicline distributed in the United States 
and Puerto Rico between June of 2019 and June of 2021 
due to the presence of a nitrosamine.(3) Over the next 
couple of months, both Pfizer USA and Pfizer Europe 
voluntarily recalled other lots of varenicline, also due to 
elevated amounts of N-nitroso-varenicline (NNV), and 
subsequently announced the interruption of production 
and distribution of the drug globally.(4)

There was a significant reduction of varenicline use 
by the limited delivery of the drug to pharmacies and 
its consequent withdrawal from all the world market. 
According to Lang et al.,(5) during the restriction period in 
the USA (between January of 2021 and June of 2022), no 
increase in the prescription/consumption of any form of 
nicotine replacement therapy (NRT) or prolonged-release 
bupropion was detected. The authors emphasized that a 
considerable number of smokers would probably have given 
up their smoking cessation treatment. That study did not 
take account of the consumption of the aforementioned 
drugs without medical prescription (over-the-counter NRT 
purchases), since the study was limited only to those 
with commercial insurance.(5)

In August of 2021, the FDA released its laboratory 
analysis of varenicline products available in the USA, 
informing NNV levels above FDA’s acceptable intake limit 
in some samples.(6) In the same document, the Agency 
described the analytical methods to be used in laboratory 
testing.(6) Few months later, in November of 2021, the 
FDA published an update on risk mitigation strategies, 
encouraging manufacturers to explore the approaches 
to attenuate or prevent the formation of impurities.(7) 
After the detection of NNV, different approaches to control 
impurities could have been used. Safety-based limits, 
such as permissible daily exposure, acceptable intake, 
threshold of toxicological concern, and less-than-lifetime 
limits were all possibilities.(8)

FDA scientists stated that NNV might increase the risk 
of cancer if the exposure is above the acceptable intake 
limit and over a prolonged period.(6) However, a person 
taking a drug containing NNV at or below the acceptable 
intake limit every day for 70 years was not expected to 
have an increased risk of cancer. The FDA concluded that 
consuming up to 37 ng of NNV/day, the acceptable intake 
limit, was reasonably safe for humans.(6) The Agency also 
evaluated the risk of exposure to NNV at levels up to 185 
ng per day and found a minimal additional cancer risk 
when compared with a lifetime of exposure to NNV.(6)

These movements and findings of international agencies 
had repercussions in the Brazilian Agência Nacional de 
Vigilância Sanitária (ANVISA, Health Regulatory Agency) 
and in Pfizer Brazil, the international manufacturer of 
this medication.

On July 6, 2021, the ANVISA issued Guide 50 version 1 to 
help “varenicline sponsors” further investigate and handle 
the issue of varenicline contamination with nitrosamine 
impurities. Later on, the ANVISA launched a public 
consultation on this subject to assess the risks of using 
the drug and how to control the potentially carcinogenic 
nitrosamines for human use.(9) On May 4, 2022, the 
ANVISA released the second version of Guide 50/2022(10) 
and published the Collegiate Directorate Resolution no. 
677/2022 on the control of nitrosamines in acceptable 
intake limits.(11) The new version of the guide entered 
into force immediately and the Resolution established that 
pharmaceutical companies should develop a risk matrix 
clearly defining the sequence of evaluation of the products 
in their portfolio, contemplating the risk categories as 
“very high”, “high”, “medium”, “low”, and “very low”.(11)

Pharmaceutical companies must meet the requirements 
set forth in that Resolution for risk assessment of 
products classified as at a “very high” risk by March 
1, 2023: that was the deadline for Pfizer Brazil and its 
varenicline medication. A review on the development 
of the analytical methods for determining nitrosamine 
and N-nitroso impurities in pharmaceuticals has been 
published recently.(12)

The smoking cessation landscape in Brazil has been 
worrisome for quite a while. Apart from the continued 
shortage of varenicline since 2020,(13) there has been 
a scarcity of NRT in all its forms in several health care 
facilities of the Brazilian Sistema Público de Saúde (SUS, 
Unified Health Care System). Unfortunately, there are 
no resupply dates yet. As far as we know, the Brazilian 
Ministry of Health has not yet considered importing 
APO-varenicline, the generic varenicline tartrate product 
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approved by international agencies as a generic 
equivalent to Champix® tablets.

An alternative to Pfizer’s varenicline is the generic 
varenicline tartrate tablets produced by PAR 
Pharmaceutical (Woodcliff Lake, NJ, USA), which has 
already been approved by the FDA.(6) In addition 
there is also APO-varenicline® tablets (Apotex Corp, 
Toronto, Canada), which is available in North America 
and Australia. Both generic products contain levels of 
NNV impurity below the acceptable intake and could/
should be imported to enable Brazilian smokers to 
be motivated to quit their drug addiction more easily.

Another possibility could be cytisine, an alkaloid 
that binds with high affinity to nicotinic acetylcholine 
alpha4-beta2 receptors, the very same mechanism 
of action of varenicline. Cytisine has been used in 
several countries in Eastern Europe since the 1960s 
as a low-cost alternative in smoking cessation. It is 
now available over the counter as a useful drug for 
smoking cessation in 18 European countries, including 
Italy, Poland, and Portugal.(14)

In 2014, Walker et al.(15) reported that, when combined 
with brief behavioral support, cytisine was superior 
to NRT in helping smokers quit smoking, but it was 
associated with a higher frequency of self-reported 
adverse events. The most common adverse events 
were gastrointestinal symptoms, comprising abdominal 
swelling, gastritis, and constipation. More recently, 
Walker et al.(14) conducted another study to determine 
whether cytisine was at least as effective as varenicline 
in supporting smoking abstinence for ≥ 6 months in 
New Zealand indigenous populations. Smokers received 
a prescription for 12 weeks of cytisine or varenicline, 
plus low-intensity cessation behavioral support from the 
prescribing doctor and community stop-smoking services 
or a research assistant. Continuous abstinence rates at 
6 months post-cessation date were 12.1% in cytisine 
users vs. 7.9% in varenicline users (risk difference, 
4.29%; relative risk = 1.55).(15) At the 12-month 
follow-up in the latter study, the smoking cessation 
rate was 32.1% in the intervention arm and 7.3% in 
the control arm).(14) The adjusted OR for continuous 
abstinence was 7.2  (95% CI, 4.6-11.2).(14) Self-reported 
adverse events over 6 months significantly occurred 
more frequently in the varenicline group (varenicline: 
509 events in 138 participants vs. cytisine: 313 events 
in 111 participants), with incidence rate ratio of 0.56. 
Common adverse events were nausea, headache, 
and difficulty in sleeping. The authors concluded that 
cytisine, a very low-cost medication, is safe and at 
least as effective as varenicline in supporting smoking 
cessation.(14)

Courtney et al.(16) failed to demonstrate noninferiority 
of cytisine compared with varenicline regarding smoking 
cessation. It should be considered, however, that 
the authors adopted the standard 25-day treatment 
regimen for cytisine, which sets the cessation date at 
day 5 after initiation of the medication. At the end of 
the first month (at which point the cytisine treatment 
was finished), self-reported abstinence in the previous 

week were 42.5% and 32.3% with the use of cytisine 
and varenicline, respectively.(16) Another important point 
regarding that clinical trial was that the behavioral 
support was close to none: participants got only a 
referral to a telephone smoking cessation line.(16) Thus, 
it would be worth testing a longer treatment period 
with cytisine with appropriate behavioral support in 
future studies.

There has been some private research investment on 
cytisine following the commercialization and patent of 
cytisine succinate(16) and mesylate salts(17) as new drug 
products. A simplified dosing cytisine regimen (1.5 mg 
and 3 mg three times daily) with two administration 
schedules (commercial titration vs. simplified three 
times daily) within a 25-day treatment period was 
tested in the a multicenter, double-blind, randomized, 
placebo-controlled phase 2b trial conducted in the USA.
(18) Patients received 12 behavioral support sessions 
by a qualified staff member plus supportive literature 
and online resources. The 3-mg dose/schedule three 
times a day (no titration)(18) was selected for further 
evaluation in a phase 3 program that was designed to 
evaluate the efficacy and safety of 3-mg dose three 
times daily when compared with placebo and also 
longer treatment schedules (like Courtney et al.(16) 
suggested) to reduce potential relapses in smoking. 
Both studies have been completed; the second study 
completion date was March 21, 2023.(19) Their results 
have not been published yet. Achieve Life Sciences 
intends to develop and commercialize cytisine (also 
known as cytisinicline) in the USA, and thereafter to 
target other markets such as Western Europe, Japan, 
and Latin America.(20)

There have been some interactions between 
regulators and industry to address how NNV should 
be controlled, but the FDA has not changed its 2020 
update guidance yet. A “nitrites in excipients” database 
has been developed by the industry to facilitate risk 
assessment of drug products,(21,22) but there are still 
gaps in knowledge on novel nitrosamines and more 
research is needed to address nitrosamine impurities. 
Getting rid of NNV is a Herculean task: a number of 
factors are involved, including the chemical structure 
of varenicline, manufacturing processes, storage, and/
or packaging conditions.

Pfizer’s varenicline, the most effective smoking 
cessation drug, has been unavailable in Brazil since 
2020 and will not be available in the near future (if 
it will ever be again). However, there are generic 
varenicline tartrate products in the global market that 
are available for quite some time in many countries. Law 
no. 12,401 created the Brazilian National Committee 
for Technology Incorporation, defining both the criteria 
and deadlines for technology incorporation in the 
SUS.(23) The committee is responsible for advising the 
Brazilian Ministry of Health regarding the incorporation 
or disinvestment of health technologies in the SUS 
and development of clinical guidelines.(23) The time 
has come for the Committee to start the process of 
incorporation of APO-varenicline within the SUS.

J Bras Pneumol. 2023;49(3):e202301852/3



Corrêa PCRP, Chatkin JM

AUTHOR CONTRIBUTIONS

The authors equally contributed to this work.

CONFLICTS OF INTEREST

None declared.

REFERENCES

1.	 Aglio TC, Diniz V, Matos MFAV, Rosa PPC, Rath S. N-Nitrosaminas 
em medicamentos: um problema atual, uma realidade antiga. 
Quim Nova. 2022;45(8):959-976. https://doi.org/10.21577/0100-
4042.20170894

2.	 Pfizer Brasil [homepage on the Internet]. São Paulo: Pfizer; c2023 
[updated 2021 June 9; cited 2023 May 1]. Comunicado Champix ® 
(tartarato de vareniclina). Available from: https://www.pfizer.com.
br/noticias/ultimas-noticias/informacoes-comerciais/comunicado-
champix-tartarato-de-vareniclina

3.	 Pfizer [homepage on the Internet]. New York City: Pfizer; c2023 
[updated 2021 Jul 16; cited 2023 May 1]. Pfizer Issues A Voluntary 
Nationwide Recall for Twelve Lots of CHANTIX® (varenicline) 
Tablets Due to N-Nitroso Varenicline Content. Available from: https://
cdn.pfizer.com/pfizercom/2021-07/Chantix_Recall_Press_Release_
July_16.pdf?NYA8sPPy_oQjjkm.cis2p9gy1_pn80H7

4.	 Pfizer [homepage on the Internet]. New York City: Pfizer; c2023 
[updated 2021 Jul 16; cited 2023 May 1]. Pfizer Expands Voluntary 
Nationwide Recall to include All Lots of CHANTIX® (varenicline) 
Tablets Due to N-Nitroso Varenicline Content. Available from: https://
cdn.pfizer.com/pfizercom/2021-09/Press-Release-Chantix-All-Lots-
16SEP21.pdf?JTi.179qjytJBu2MVYPYt.dWuN8ic5Vx

5.	 Lang AE, Patel U, Fitzpatrick J, Lee T, McFarland M, Good 
CB. Association of the Chantix Recall With US Prescribing of 
Varenicline and Other Medications for Nicotine Dependence. 
JAMA Netw Open. 2023;6(2):e2254655. https://doi.org/10.1001/
jamanetworkopen.2022.54655

6.	 US Food & Drug Administration (FDA) [homepage on the Internet]. 
Silver Spring, MD: FDA; c2023 [updated 2021 Aug 23; cited 2023 
May 1]. Laboratory analysis of varenicline products. Available from: 
https://www.fda.gov/drugs/drug-safety-and-availability/laboratory-
analysis-varenicline-products

7.	 US Food & Drug Administration (FDA) [homepage on the Internet]. 
Silver Spring, MD: FDA; c2023 [updated 2021 Nov 18; cited 2023 
May 1]. Updates on possible mitigation strategies to reduce the 
risk of nitrosamine drug substance-related impurities in drug 
products. Available from: https://www.fda.gov/drugs/drug-safety-
and-availability/updates-possible-mitigation-strategies-reduce-risk-
nitrosamine-drug-substance-related-impurities

8.	 Elder DP, Johnson GE, Snodin DJ. Tolerability of risk: A 
commentary on the nitrosamine contamination issue. J Pharm Sci. 
2021;110(6):2311-2328. https://doi.org/10.1016/j.xphs.2021.02.028

9.	 gov.br. Ministério da Saúde [homepage on the Internet]. Brasília: 
gov.br; [cited 2023 May 1]. Agência Nacional de Vigilancia Sanitária 
(ANVISA). Consulta Pública no 1050 de 31/05/2021. Available from: 
https://www.gov.br/pt-br/consultas-publicas-govbr/anvisa-consulta-
publica-no-1050-de-31-05-2021

10.	 gov.br. Ministério da Saúde. Agência Nacional de Vigilancia Sanitária 
(ANVISA) [homepage on the Internet]. Brasília: ANVISA; c2023 [cited 
2023 May 1]. Guia Sobre o Controle de Nitrosaminas Em Insumos 
Farmacêuticos Ativos e Medicamentos; 2022. Available from: https://
pesquisa.anvisa.gov.br/index.php/713856?lang=pt-BR

11.	 gov.br. Ministério da Saúde. Agência Nacional de Vigilancia 
Sanitária (ANVISA) [homepage on the Internet]. Brasília: 
ANVISA; c2023 [updated 2022 May 5; cited 2023 May 1]. 
RESOLUÇÃO DA DIRETORIA COLEGIADA - RDC Nº 677, DE 28 
DE ABRIL DE 2022. Available from: http://antigo.anvisa.gov.br/

documents/10181/6279847/RDC_677_2022_.pdf/39723d56-7fd4-
4f1a-af2d-218358d67540

12.	 Wichitnithad W, Nantaphol S, Noppakhunsomboon K, Thitikornpong 
W, Rojsitthisak P. Current status and prospects of development 
of analytical methods for determining nitrosamine and N-nitroso 
impurities in pharmaceuticals. Talanta. 2023;254:124102. https://doi.
org/10.1016/j.talanta.2022.124102

13.	 Sociedade Brasileira de Pneumologia e Tisiologia (SBPT) [homepage 
on the Internet]. Brasília: SBPT; c2023 [updated 2020 Sep 17; cited 
2023 May 1]. SBPT e SBC buscam o reabastecimento da vareniclina 
no Brasil. Available from: https://sbpt.org.br/portal/abastecimento-
vareniclina-2020/

14.	 Walker N, Smith B, Barnes J, Verbiest M, Parag V, Pokhrel S, 
et al. Cytisine versus varenicline for smoking cessation in New 
Zealand indigenous Māori: a randomized controlled trial. Addiction. 
2021;116(10):2847-2858. doi:10.1111/add.15489 https://doi.
org/10.1111/add.15489

15.	 Walker N, Howe C, Glover M, McRobbie H, Barnes J, Nosa V, et 
al. Cytisine versus nicotine for smoking cessation. N Engl J Med. 
2014;371(25):2353-2362. https://doi.org/10.1056/NEJMoa1407764

16.	 Courtney RJ, McRobbie H, Tutka P, Weaver NA, Petrie D, 
Mendelsohn CP, et al. Effect of Cytisine vs Varenicline on Smoking 
Cessation: A Randomized Clinical Trial. JAMA. 2021;326(1):56-64. 
https://doi.org/10.1001/jama.2021.7621

17.	 Achieve Life Sciences Announces Patent Granted by USPTO for 
New Cytisinicline Formulation. Wall Street Journal. 2022 Dece 21 
2022.

18.	 Nides M, Rigotti NA, Benowitz N, Clarke A, Jacobs C. A Multicenter, 
Double-Blind, Randomized, Placebo-Controlled Phase 2b Trial of 
Cytisinicline in Adult Smokers (The ORCA-1 Trial). Nicotine Tob Res. 
2021;23(10):1656-1663. https://doi.org/10.1093/ntr/ntab073

19.	 ClinicalTrials.gov [homepage on the Internet]. Bethesda: National 
Institutes of Health [updated 2023 Apr 4; cited 2023 May 1]. A Second 
Study of Cytisinicline for Smoking Cessation in Adult Smokers 
(ORCA-3). Available from: https://clinicaltrials.gov/ct2/show/NCT05
206370?term=A+Second+Study+of+Cytisinicline+for+Smoking+C
essation+in+Adult+Smokers+%28ORCA-3%29&draw=2&rank=1

20.	 Achieve Life Sciences [homepage on the Internet]. Bothell (WA): 
Achieve Life Sciences, Inc; c2023 [cited 2023 May 1]. Form 10-K. 
Annual Report Pursuant to Section 13 or 15 (d) of the Securities 
Exchange Act of 1934 for the Fiscal Year Ended December 31, 2022. 
Available from: https://ir.achievelifesciences.com/sec-filings/annual-
reports/content/0001564590-23-003800/0001564590-23-003800.pdf

21.	 Boetzel R, Schlingemann J, Hickert S, Korn C, Kocks G, Luck B, et al. 
A Nitrite Excipient Database: A Useful Tool to Support N-Nitrosamine 
Risk Assessments for Drug Products. J Pharm Sci. 2023;112(6):1615-
1624. https://doi.org/10.1016/j.xphs.2022.04.016

22.	 Lhasa Limited [homepage on the Internet]. Leeds: Lhasa Limited; 
c2023 [cited 2023 May 1]. Nitrites in Excipients. Available from: 
https://www.lhasalimited.org/?s=Nitrites+in+Excipients

23.	 The International Network of Agencies for Health Technology 
Assessment (INAHTA) [homepage on the Internet]. Edmont, Canada: 
INAHTA; c2023 [cited 2023 May 1]. Conitec--National Committee for 
Technology Incorporation. Available from: https://www.inahta.org/
members/conitec/

J Bras Pneumol. 2023;49(3):e20230185 3/3

https://doi.org/10.21577/0100-4042.20170894
https://doi.org/10.21577/0100-4042.20170894
https://www.pfizer.com.br/noticias/ultimas-noticias/informacoes-comerciais/comunicado-champix-tartarato-de-vareniclina
https://www.pfizer.com.br/noticias/ultimas-noticias/informacoes-comerciais/comunicado-champix-tartarato-de-vareniclina
https://www.pfizer.com.br/noticias/ultimas-noticias/informacoes-comerciais/comunicado-champix-tartarato-de-vareniclina
https://cdn.pfizer.com/pfizercom/2021-07/Chantix_Recall_Press_Release_July_16.pdf?NYA8sPPy_oQjjkm.cis2p9gy1_pn80H7
https://cdn.pfizer.com/pfizercom/2021-07/Chantix_Recall_Press_Release_July_16.pdf?NYA8sPPy_oQjjkm.cis2p9gy1_pn80H7
https://cdn.pfizer.com/pfizercom/2021-07/Chantix_Recall_Press_Release_July_16.pdf?NYA8sPPy_oQjjkm.cis2p9gy1_pn80H7
https://cdn.pfizer.com/pfizercom/2021-09/Press-Release-Chantix-All-Lots-16SEP21.pdf?JTi.179qjytJBu2MVYPYt.dWuN8ic5Vx
https://cdn.pfizer.com/pfizercom/2021-09/Press-Release-Chantix-All-Lots-16SEP21.pdf?JTi.179qjytJBu2MVYPYt.dWuN8ic5Vx
https://cdn.pfizer.com/pfizercom/2021-09/Press-Release-Chantix-All-Lots-16SEP21.pdf?JTi.179qjytJBu2MVYPYt.dWuN8ic5Vx
https://doi.org/10.1001/jamanetworkopen.2022.54655
https://doi.org/10.1001/jamanetworkopen.2022.54655
https://www.fda.gov/drugs/drug-safety-and-availability/laboratory-analysis-varenicline-products
https://www.fda.gov/drugs/drug-safety-and-availability/laboratory-analysis-varenicline-products
https://www.fda.gov/drugs/drug-safety-and-availability/updates-possible-mitigation-strategies-reduce-risk-nitrosamine-drug-substance-related-impurities
https://www.fda.gov/drugs/drug-safety-and-availability/updates-possible-mitigation-strategies-reduce-risk-nitrosamine-drug-substance-related-impurities
https://www.fda.gov/drugs/drug-safety-and-availability/updates-possible-mitigation-strategies-reduce-risk-nitrosamine-drug-substance-related-impurities
https://doi.org/10.1016/j.xphs.2021.02.028
: https:/www.gov.br/pt-br/consultas-publicas-govbr/anvisa-consulta-publica-no-1050-de-31-05-2021
: https:/www.gov.br/pt-br/consultas-publicas-govbr/anvisa-consulta-publica-no-1050-de-31-05-2021
: https:/www.gov.br/pt-br/consultas-publicas-govbr/anvisa-consulta-publica-no-1050-de-31-05-2021
https://pesquisa.anvisa.gov.br/index.php/713856?lang=pt-BR
https://pesquisa.anvisa.gov.br/index.php/713856?lang=pt-BR
http://antigo.anvisa.gov.br/documents/10181/6279847/RDC_677_2022_.pdf/39723d56-7fd4-4f1a-af2d-218358d67540
http://antigo.anvisa.gov.br/documents/10181/6279847/RDC_677_2022_.pdf/39723d56-7fd4-4f1a-af2d-218358d67540
http://antigo.anvisa.gov.br/documents/10181/6279847/RDC_677_2022_.pdf/39723d56-7fd4-4f1a-af2d-218358d67540
https://doi.org/10.1016/j.talanta.2022.124102
https://doi.org/10.1016/j.talanta.2022.124102
https://sbpt.org.br/portal/abastecimento-vareniclina-2020/
https://sbpt.org.br/portal/abastecimento-vareniclina-2020/
https://doi.org/10.1111/add.15489
https://doi.org/10.1111/add.15489
https://doi.org/10.1056/NEJMoa1407764
https://doi.org/10.1001/jama.2021.7621
https://doi.org/10.1093/ntr/ntab073
https://clinicaltrials.gov/ct2/show/NCT05206370?term=A+Second+Study+of+Cytisinicline+for+Smoking+Cessation+in+Adult+Smokers+%28ORCA-3%29&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT05206370?term=A+Second+Study+of+Cytisinicline+for+Smoking+Cessation+in+Adult+Smokers+%28ORCA-3%29&draw=2&rank=1
https://clinicaltrials.gov/ct2/show/NCT05206370?term=A+Second+Study+of+Cytisinicline+for+Smoking+Cessation+in+Adult+Smokers+%28ORCA-3%29&draw=2&rank=1
https://ir.achievelifesciences.com/sec-filings/annual-reports/content/0001564590-23-003800/0001564590-23-003800.pdf
https://ir.achievelifesciences.com/sec-filings/annual-reports/content/0001564590-23-003800/0001564590-23-003800.pdf
https://doi.org/10.1016/j.xphs.2022.04.016
https://www.lhasalimited.org/?s=Nitrites+in+Excipients
https://www.inahta.org/members/conitec/
https://www.inahta.org/members/conitec/

