
Subjects
• Aged 21-55 years

• Provided informed consent

• 3+ years’ consecutive smoking history

• 10-30 cigarettes per day

• ISO tar band 6-8 mg/cig

• Deemed healthy at Screening by the Investigator

• Not planning to quit smoking in next 12 months*

* All subjects were informed that they were free to quit smoking and withdraw from the study at any time. Any

subject who decided to quit smoking was directed to appropriate stop smoking services.

Study Products
• 7mg/cig ISO tar non-menthol cigarette

• glo (THP1.0) THP with non-menthol Neostiks

Biomarker Results

Results for the urinary BoEs along with the exhaled Carbon Monoxide are

shown in Figures 2, 3, 4 and 5. All BoEs in both studies were significantly

reduced from baseline measures. For the Aromatic amines (Figure 2) the

subjects switched to the glo THP showed a reduction of between 69.3

and 86.3% for the UK study, while the Japan study demonstrated

reductions of 49.5 to 90.4%. For the Mercapturic acid metabolites (Figure

3) the subjects switched to glo THP demonstrated reductions between

60.7 and 93.3% and 49.4 and 89.5% for the UK and Japan respectively.

Figure 4 shows the BoE reductions for the TSNAs, pyrene and total

nicotine equivalents. The TSNAs for subjects switched to glo THP

showed greater reductions in the Japan study (37.1 and 58.0%)

compared to the UK study (25.5 and 30.6%) as well as for the pyrene

metabolite 1-OH pyrene (64.5 and 47.6% reductions respectively). For

total nicotine equivalents in subjects switched to glo THP there was a

larger reduction of 29.3 % in the UK study compared with a reduction of

21.3% in the Japan study.

For exhaled CO (Figure 5) the subjects switched to glo THP showed the

largest reduction in Japan (87.5%) compared to the UK (80.6%).

For the nicotine cessation groups reduction for all the BoEs ranged from

59.1 to 97.4% for the UK study to 43.4 and 94.8% for the Japan study.

These are the first clinical BoE studies conducted on the glo THP product.

Both studies demonstrate that when smokers switched from smoking

combustible cigarettes to using the glo THP, their exposure was

significantly decreased for all the smoke toxicants analysed. In a number

of cases, these reductions in exposure to smoke toxicants in subjects

switching to glo THP, were similar to the reductions in subjects switched

to nicotine cessation. These results suggest that tobacco heating

products have the potential to be reduced exposure and/or reduced risk

tobacco products when used by smokers whose cigarette consumption is

displaced completely.

Further studies are required to assess where these NGPs lie on the

continuum of risk for nicotine containing products and would be

necessary to:

• demonstrate that these reductions continue or are sustained over a

longer period of time,

• quantify any translation to reductions in smoking-related health risks

Disclosure
This work was funded in full by British American Tobacco (Investments) Ltd.

1.Royal College of Physicians, Nicotine without smoke: Tobacco harm reduction. 2016

2.World Health Organisation. WHO report on the global tobacco epidemic 2011: warning about the

dangers of tobacco. In World Health Organization, 2011.

3.Proctor C. Regul Toxicol Pharmacol. 2017. doi: 10.1016/j.yrtph.2017.09.010.

4.Murphy J, et al Regul Toxicol Pharmacol. 2017. doi: 10.1016/j.yrtph.2017.10.001.

5.Eaton D, et al. Regul Toxicol Pharmacol. 2017. doi: 10.1016/j.yrtph.2017.09.009.

6.Forster M, et al. Regul Toxicol Pharmacol. 2017. doi: 10.1016/j.yrtph.2017.10.006.

7.Forster M, et al. Regul Toxicol Pharmacol. 2017. doi: 10.1016/j.yrtph.2017.09.017.

A Comparison of Two Clinical Studies Investigating Changes in Exposure to Cigarette Smoke Chemicals in Smokers Who 

Switch to Using a Tobacco Heating Product for a Five Day Period

Michael McEwan, Nathan Gale , James K. Ebajemito, Oscar M. Camacho, James Murphy , George Hardie and Christopher J. Proctor.

British American Tobacco (Investments) Ltd, Southampton, SO15 8TL, UK

Correspondence: mike_mcewan@bat.com

To determine whether reductions in machine yields translate into a

lowering of toxicant exposure, by measuring biomarkers of exposure

(BoE) in two clinical confinement studies in subjects who either switch to

the glo (THP1.0) or abstain completely from tobacco and nicotine

product use, for 5 days.

Study Design

In brief, both were randomised, controlled, parallel group, open-label

studies conducted at a single site in Belfast, UK (ISRCTN80651909)

and at two sites in Fukuoka, Japan (ISCTRN14301360/

UMIN000024988). In total 56 and 60 healthy smokers completed the glo

and nicotine cessation arms for UK and Japan respectively. Initially all

subjects smoked combustible cigarettes during a 2-day baseline period.

The subjects were then randomised to switch to using the glo THP, or

quit any nicotine or tobacco product use completely, for 5 days. Both

baseline and post-randomisation, 24-h urine samples were collected for

BoE analysis. Carbon monoxide was also measured daily in exhaled

breath (eCO).
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Aim

Smoking is a leading cause of numerous

diseases, particularly lung cancer, chronic

obstructive pulmonary disease and

cardiovascular diseases. Consequently,

there is a recognized need to provide

smokers with alternative nicotine-delivery

devices that yield lower levels of chemical

toxicants compared to conventional

cigarette smoke.1,2

Tobacco heating products (THPs) are

electronic devices that heat tobacco,

rather than combust it. We recently

reported a pre-clinical assessment of the

glo THP,3,4 which electronically heats

tobacco to a temperature of around

240°C,5 and both its yields of machine-

measured toxicants and environmental

emissions are greatly reduced compared

to those from conventional cigarettes.4,5

Figure 1. The glo 

tobacco heating product.

THP hold great potential for reducing the harms associated with tobacco

use. Therefore, a comprehensive scientific assessment is important to

fully characterise the reduced exposure and/or reduced risk THPs offer

to cigarette smokers.

BoE, Abbreviation [Smoke constituent, if different]: Exhaled carbon monoxide, eCO; Total nicotine equivalents (nicotine, cotinine, 3-

hydroxycotinine and their glucuronide conjugates), TNeq; 1-hydroxypyrene, 1-OHP [Pyrene];  2-aminonaphthalene, 2-AN; 3-

hydroxypropylmercapturic acid, 3-HPMA [Acrolein]; 4-aminobiphenyl, 4-ABP; 2-cyanoethylmercapturic acid, CEMA [Acrylonitrile];; 2-

hydroxyethylmercapturic acid, HEMA [Ethylene oxide]; 3-hydroxy-1-methylpropylmercapturic acid, HMPMA [Crotonaldehyde]; 

monohydroxybutenyl-mercapturic acid, MHBMA [1,3-butadiene] ; S-phenylmercapturic acid, S-PMA [Benzene]; 4-(methylnitrosamino)-1-

(3-pyridyl)-1-butanol and its glucuronide conjugates, Total NNAL [4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone]; N-nitrosonornicotine 

and its glucuronide conjugates, Total NNN; o-Toluidine, o-tol

Figure 2. Urinary BoE: Aromatic 

Amines
Figure 3. Urinary BoE: Mercapturic 

Acids

Figure 4. Urinary BoE: Total nicotine 

equivalents, TSNAs, and Pyrene

Figure 5. Breath BoE: Exhaled Carbon 

Monoxide
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Abstract

Smoking is a leading cause of numerous diseases, particularly lung cancer, chronic obstructive pulmonary

disease and cardiovascular diseases. Consequently, there is a recognized need to provide smokers with

alternative nicotine-delivery devices that yield lower levels of chemical toxicants compared to conventional

cigarette smoke. Tobacco heating products (THP) hold great potential for reducing the harms associated with

tobacco use. Therefore, a comprehensive scientific assessment is important to fully characterise the reduced

exposure and/or reduced risk THPs offer to cigarette smokers.

To test the hypothesis that biomarkers of cigarette smoke exposure (BoE) are reduced when smokers switch

from smoking conventional cigarettes to using our commercially available THP, glo, two clinical studies were

conducted in Belfast, UK (ISRCTN80651909) and in Fukuoka, Japan (UMIN000024988, ISRCTN14301360).

Both studies were approved by local Research Ethics Committees and run in accordance with ICH-GCP. In

total 180 healthy smokers smoked combustible cigarettes during a 2-day baseline period, after which they were

randomized to either continue smoking cigarettes, switch to using glo or completely quit any nicotine or tobacco

product use, for 5 days. Baseline and post-randomisation 24-h urine samples were collected for BoE analysis

and exhaled carbon monoxide was also measured daily.

Results from the urinary BoE and exhaled CO (eCO) in the Japan and UK studies showed significant

reductions of up to 89.3% and 93.3% (respectively) in levels in subjects who switched to glo for 5 days, as well

as reductions of up to 89.0% and 95.5% (respectively) in levels in subjects who abstained from any tobacco or

nicotine use for 5 days.

Both studies demonstrated that when smokers switched from smoking combustible cigarettes to using glo, their

exposure to cigarette smoke toxicants decreased, in many cases, including eCO there was no significant

difference to tobacco or nicotine cessation. These findings suggest that glo has the potential to be a reduced

exposure and/or reduced risk tobacco product. Further clinical studies are required to confirm the sustainability

of these exposure reductions and any translation to reductions in smoking-related health risks.
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