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Content

Part I
• E-cigarettes and public health
• A brief history of e-cigarettes
• Introduction to nicotine pharmacokinetic (PK) studies
• Study design for two e-cigarette nicotine PK studies

• Belfast, U.K.
• Burbank, CA, U.S.A.

Part II
• Data from U.K. and U.S.A. nicotine PK studies
• Discussion

• What do our data tell us about nicotine delivery?
• How can our data inform future study design?
• Can we do it differently?
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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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A brief history of e-cigarettes

• First developed in the 
mid-1960’s

• This was a ‘smokeless 
non-tobacco cigarette’ 
which allowed the user 
to inhale a flavoured 
vapor

• Proposed to be a useful 
drug delivery device
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• Nicotine-containing 
non-combustible 
‘Favor’ cigarette 
developed in the 
late-1970’s

• First use of the 
term ‘vaping’

A brief history of e-cigarettes
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• Hon Lik attributed as the inventor of the ‘modern’ 
e-cigarette in 2003

• Large device which resembled the early ‘cig-a-like’ 
e-cigarettes we are now familiar with

A brief history of e-cigarettes
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What’s inside an e-cigarette?
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E-cigarette evolution in the last half-decade
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What does an e-cigarette contain?

20
16

_T
S

R
C

33
_F

ea
ro

n.
pd

f
T

S
R

C
20

16
(7

0)
 -

 D
oc

um
en

t n
ot

 p
ee

r-
re

vi
ew

ed



Introduction to nicotine PK studies
Why should we do them? 20
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Introduction to nicotine PK studies
Why should we do them?

• Understanding our products
• Product development
• Efficacy measurement

• Understanding consumer behaviour

• Regulatory engagement/submissions

20
16

_T
S

R
C

33
_F

ea
ro

n.
pd

f
T

S
R

C
20

16
(7

0)
 -

 D
oc

um
en

t n
ot

 p
ee

r-
re

vi
ew

ed



BAT nicotine PK studies – study #1

• “A study in healthy smokers to determine the delivery of 
nicotine and satisfaction/craving relief gained from an e-
cigarette containing different solutions (e-liquids)”

• ISRCTN74070762; REC-approved

• Study designed to understand nicotine delivery                     
in smokers using rechargeable e-cigarettes
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• Randomised, controlled clinical study in 24 healthy (high tar) 
smokers

• Subjects smoked a cigarette, and then used Vype vPro ePens
with 2% nicotine solutions after a 2-day familiarisation period

• Measured blood nicotine, heart rate, subjective effects (urge 
to smoke, satisfaction, MPSS)

• 22 subjects completed all study visits

BAT PK study #1 - design
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BAT PK study #2

• “Pharmacokinetic Study Comparing Nicotine Delivery From 
E-cigarettes and a Conventional Cigarette in Healthy 
Subjects”

• ClinicalTrials.gov Identifier NCT02474849; IRB approved

• Study designed to understand nicotine delivery in vapers
using rechargeable e-cigarettes and in more real-world 
conditions

20
16

_T
S

R
C

33
_F

ea
ro

n.
pd

f
T

S
R

C
20

16
(7

0)
 -

 D
oc

um
en

t n
ot

 p
ee

r-
re

vi
ew

ed



Study #1 Study #2
24 smokers of high-tar cigarettes 18 vapers who smoke 

occasionally

Northern Ireland USA
Defined (30 second puff intervals 

for 5 minutes)
Ad libitum puffing over 5 

minutes

10 puffs each Number of puffs decided by 
subjects

90 minute monitoring period 
(includes 60min ad libitum use)

60 minute monitoring period
(no further product use)

Cigarette comparator (typical 
market brand)

Cigarette and e-cigarette 
comparators

BAT PK study #2 - design
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Study Products

†ISO nicotine yield;  ¥ePen power setting of 4.55W (voltage 3.6V, coil resistance 2.85ohms) in Study 1 and 5.6W in 
Study 2 (voltage 4.0V, coil resistance 2.85ohms);  #machine yield with 80/3/30 regimen with 1s pre-heat;  NA, not 
applicable;  ND, not determined.  

Study Form Product
Liquid 

nicotine 
content

Nicotine 
yield

Other ingredients

1

Cigarette JPS Blue NA 1.0 mg/cig NA

Closed modular 
e-cig

Vype vPro ePen 1.86% w/w 0.6 mg/puff
Glycerol, PG, water, 

0.3MEq organic acid, 
tobacco flavour

2

Cigarette Marlboro UL NA 0.5 mg/cig NA

Closed modular 
e-cig

Vype vPro ePen 1.86% w/w 0.6 mg/puff
Glycerol, PG, water, 

0.3MEq organic acid, 
tobacco flavour

First-generation 
e-cig

Nicolites; 1.33% w/w ND
Glycerol, PG, water, 

flavourings
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BAT PK studies – common concepts

• Pharma standard studies in healthy adult subjects
• Proven smokers/vapers
• ICH-GCP
• REC/IRB approved; subjects’ informed consent obtained
• Fully monitored and audited
• Registered on public databases

• Overnight abstention from nicotine/tobacco products (exCO)

• Product familiarisation period (2-7 days)

• Exclusion - drugs of abuse, pregnancy, serology
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ian_fearon@bat.com
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