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Biomarkers of Exposure (BoE) studies

BoE correlates 

to smoker mouth level

Exposure (MLE)

Reduced 

Toxicant Prototype 

cigarette leads 

to some reduced BoEs

Reductions in some 

BoEs maintained over 

longer study, but little 

change in biomarkers of 

biological effect
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Total nicotine  equivalents vs Nicotine MLE HPMA (µg/24h) Total NNAL (ng/24h)



Clinical Study Approach

� Perform studies to Good Clinical Practice 

� Clinical confinement for sample collection

� 24hr Urine, no creatinine normalisation for BoE

� Obtain Ethics Committee approval and register



Correlation Study(ref 1)



Filter analysis method(ref 5)



Correlation Analysis(ref 1)



Correlation Analysis(ref 1)



BoE 6 Week Study(ref 2)



6 Week Study results – 6mg (ISO Tar) products(ref 2)

káÅçíáåÉ=ÉñéçëìêÉ ^ÅêçäÉáå ÉñéçëìêÉ kkh=ÉñéçëìêÉ

• RTP 10.3% increase from day 14 to 41

• Control 13.3% increase from

day 14 to 41

• 9% reduction in RTP yield

• RTP 45.0% reduction from day 14 to 41

• Control 34.4% increase from

day 14 to 41

• 42% reduction in RTP yield

• RTP 10.5% reduction from day 14 to 41

• Control 31.4% increase from

day 14 to 41

• 44% reduction in RTP yield



BoE 6 Week Study(ref 2)



Individual v Group analyses(ref 6)

Figure demonstrates that to see significant reductions in BoE levels generally 

large changes in the toxicant yield from novel products are required



BoE 6 Month Study(ref 3,4)



BoE 6 Month Study(ref 3,7)

Significant increase



Total Nicotine Equivalents (TNeq)(ref 3)



6 Month Study BoEs(ref 3)
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Urine Mutagenicity(ref 3,8)



Overall changes in biomarkers in RTP and 

control groups(ref 3,4,8)



Biomarkers of Compliance(ref 8)

� Biomarkers of Acrylonitrile exposure

� Comparison of urinary BoE to Hb adduct

� Similar patterns for groups over time

� Indication of compliance to protocol
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Conclusions

� Clinical Studies have helped identify Biomarkers of Exposure that are fit for 

purpose through:

o Correlation to estimated dose at mouth level

o Application of BoEs in both short and long-term studies including non-smoker 
and ex-smoker groups

� Biomarkers can also aid with quality of studies in terms of subject compliance

� Further validation of BoEs required especially inter-laboratory studies to help 

identify consensus values or Reference Standards to ensure comparability

� Clinical studies using BoEs can help identify levels of toxicant reduction required 

to see significant reductions in exposure to individual smokers

� Significant reductions in BoEs from combustible RTPs, did not lead to significant 

change in BoBEs
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