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A very brief history of e-cigarettes
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Why might e-cigarettes provide public 
health benefit?

Professor Michael Russell brought recognition that 
cigarette smoking is a classic drug dependence 
behaviour, underpinned by nicotine addiction

“….the RCP believes that e-cigarettes could lead to 
significant falls in the prevalence of smoking in the 
UK, prevent many deaths and episodes of serious 
illness….” (2014). 

“….demonstrate that smokers smoke 
predominantly for nicotine, that nicotine itself is 
not especially hazardous, and that if nicotine 
could be provided in a form that is acceptable and 
effective as a cigarette substitute, millions of lives 
could be saved“ (2007). 
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E-cigarette evolution
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E-cigarette evolution
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E-cigarette evolution
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Nicotine pharmacokinetic studies
Why are they important? 20
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Nicotine pharmacokinetic studies
Why are they important?

“FDA recommends that applicants 
conduct human abuse liability studies to 
assess the impact of various features of 
the product on the speed and efficiency 
of nicotine delivery and the formation of 
unprotonated nicotine”.

Your studies in adult human subjects 
should provide the following evaluations 
of your tobacco product: 

Abuse liability and addictiveness
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Nicotine pharmacokinetic studies
Interpreting PK data 20
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A review of the literature
Nicotine pharmacokinetics have 
evolved over time
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A review of the literature
Nicotine pharmacokinetics have 
evolved over time

Study E-cigarette Cmax
Vansickel & Eissenberg, 
2013

8 ng/ml (defined)
16 ng/ml (ad libitum)

Farsalinos et al., 2014 4 ng/ml (defined)
21 ng/ml (ad libitum)

Farsalinos et al., 2015

Smokers 2.7 ng/ml (defined) and 
12.2 ng/ml (ad libitum)
E-cigarette users 12.8 ng/ml 
(defined) and 22.0 ng/ml (ad 
libitum)

Dawkins et al., 2016 22.0 ng/ml (low nicotine e-liquid)
43.6 ng/ml (high nicotine e-liquid)

St. Helen et al., 2016 2-20 ng/ml

Wagener et al., 2016

Second-generation 7.3 ng/ml 
(defined) and 23.5 ng/ml (ad 
libitum)
Third-generation 17.5 ng/ml 
(defined) and 24.8 ng/ml (ad 
libitum)

Hajek et al., 2017 9.9 ng/ml (open tank)
11.9 ng/ml (modular)

Study E-cigarette Cmax
Bullen et al., 2010 1.3 ng/ml

Vansickel et al., 2010 Not reported due to insignificant 
change from baseline

Dawkins & Corcoran, 
2014

6 ng/ml (defined)
13 ng/ml (ad libitum)

Hajek et al., 2014 4.6 ng/ml
Nides et al., 2014 3.5 ng/ml

Farsalinos et al., 2014 2 ng/ml (defined)
13 ng/ml (ad libitum)

D’Ruiz et al., 2015;            
Yan & D’Ruiz, 2015 

10-17 ng/ml (defined)
14-22 ng/ml (ad libitum)

St. Helen et al., 2016 9.1 ng/ml (V2 cigs)
4.4 ng/ml (blu)

Walele et al., 2016 2.5 and 3.6 ng/ml during fourth 
repeat of puffing regime

Fearon et al., 2017 4.7 ng/ml

Hajek et al., 2017 7.5-13.6 ng/ml

Stiles et al., 2017 3.0-5.4 ng/ml

First-generation Newer-generation
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What else did the review tell us?
Experienced users get more 
nicotine than naïve users

• Other studies (Hajek et al., 2015; Fearon et al., 2017) support this finding
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Is there a need for standardisation?

Study Subjects Product use regimen
Bullen et al., 2010 Exclusive smokers Ad libitum for 5 minutes

Vansickel et al., 2010 Exclusive smokers
10 puffs, 30 seconds apart, for 
5 minutes

Dawkins & Corcoran, 2014 Regular e-cigarette users
10 puffs in 5 minutes, followed 
by ad libitum for 1 hour

Hajek et al., 2014 Exclusive smokers Ad libitum for 5 minutes
Nides et al., 2014 Exclusive smokers 10 puffs in 5 minutes

Farsalinos et al., 2014 Regular e-cigarette users
10 puffs in 5 minutes followed 
by ad libitum for 1 hour

D’Ruiz et al., 2015; Yan & 
D’Ruiz, 2015 Exclusive smokers

50 5-second puffs, 30 seconds 
apart for 25 minutes
Ad libitum for 1 hour

St. Helen et al., 2016 Regular e-cigarette users
10 puffs, 30 seconds apart, for 
7.5 minutes

Walele et al., 2016 Exclusive smokers
10 4-second puffs, 30 seconds 
apart for 5 minutes; four 
repeats, each an hour apart

Fearon et al., 2017 Regular e-cigarette users Ad libitum for 5 minutes

Hajek et al., 2017 Regular e-cigarette and 
conventional cigarette dual-users

Ad libitum for 5 minutes

Stiles et al., 2017 Exclusive smokers Ad libitum for 10 minutes
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Is there a need for standardisation?

Study Subjects Product use regime
Vansickel & 
Eissenberg, 2013

Regular e-cigarette users 10 puffs in 5 minutes,
followed by ad libitum for 1
hour

Farsalinos et al., 
2014 Regular e-cigarette users

10 puffs in 5 minutes followed 
by ad libitum for 1 hour

Farsalinos et al., 
2015

Exclusive smokers and 
experienced e-cigarette users

10 puffs in 5 minutes followed 
by ad libitum for 1 hour

Dawkins et al., 
2016 Regular e-cigarette users Ad libitum for 60 minutes

St. Helen et al., 
2016 Regular e-cigarette users

10 puffs, 30 s apart for 7.5 
minutes

Wagener et al., 
2016 Regular e-cigarette users

10 puffs in 5 minutes, 
followed by ad libitum for 115 
minutes

Hajek et al., 2017
Regular e-cigarette and 
conventional cigarette dual-
users

Ad libitum for 5 minutes
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Alternatives to PK studies
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• Physiologically-based 
pharmacokinetic (PBPK) modelling

• Multi-compartment nicotine model

• Three routes of exposure; IV dosing, 
inhalation and oral (from chewing 
gum; Teeguarden et al, 2012)

• Cotinine sub-model

• Renal and metabolic clearance 
applied to kidney and liver

Alternatives to PK studies
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Predicting blood nicotine from PK study

Inputs (Fearon et al., 2017 ): Estimated puff nicotine yields; puff counts
Average study body weight (76.4 kg)
Nicotine cartridge weights

Assumptions: 30% mouthspill

modelled actual

cigarette e-cigarette

Alternatives to PK studies

Nicotine PK data from Fearon et al., 2017
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Summary

• Nicotine pharmacokinetics proposed eg. RCP to be an 
important determinant in smoking displacement

• E-cigarettes and nicotine pharmacokinetics have co-evolved 
over time

• Protocol standardisation may facilitate better comparisons
• Product use definition
• Smokers vs e-cigarette users

• Alternatives to pharmacokinetic studies may be useful
• Nicotine flux approach limited
• PBPK models may be more appropriate
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Coming together is a beginning, 
staying together is progress, and 

working together is success. 
Henry T. Ford
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