
METHODS

For each of the 23 toxicants evaluated, data from relevant in vivo studies were used to produce

a series of MOE values representative of the literature (Fig. 1).

Figure 1. Flow chart representing the three main stages of the MOE process

Toxicants were then assigned to one of the bandings described above, based on the majority

view for each. Where lifetime inhalation data were available, these were given preference in

classification of the toxicants. In cases where there were insufficient data to calculate MOE

values, or where a toxicant segregated evenly across two or more bandings, the toxicant in

question could not be classified.
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CONCLUSION

The results presented here are the product of further refinement of the MOE-based approach to

risk assessment of tobacco smoke toxicants that we have previously described.

Here for the first time we have ranked the TobReg and abbreviated FDA HPHC lists of toxicants

in order of priority, based on the outcomes of this refined MOE approach. This is a first step in

prioritising cigarette smoke toxicants for research, whilst more complex models are being

developed.

INTRODUCTION

In January 2012, the US Food and Drug Administration (FDA) outlined seven research

priority areas relating to tobacco products (1). Research area three focused on “reducing

toxicity and carcinogenicity of tobacco products and smoke”. This has been coupled

with an increased interest in further characterising tobacco smoke toxicants both from

the perspective of future regulatory frameworks aimed at monitoring or lowering toxicant

levels and from the perspective of tobacco product development focused on selective

toxicant reduction as part of broader harm reduction initiatives (2,3,4).

BACKGROUND

We have previously described the use of the Margin of Exposure (MOE) model as part of a

quantitative risk assessment paradigm for tobacco smoke toxicants, in conjunction with the

preparation of mode of action (MOA) reviews for individual tobacco smoke toxicants (5). A MOE

is a ratio between a benchmark dose (a reference point derived from either experimental or

epidemiological dose-response data) and the specific human exposure. The view from EFSA is

that a MOE greater than 10,000 may be considered a low priority for risk management actions

(6).

Here we propose further segregation of tobacco smoke toxicants into bandings based on their

MOEs as follows: 1–10 (top priority), 10–100 (very high priority), 100–1000 (high priority), 1000–

10,000 (medium priority), 10,000–1,000,000 (low priority), >1,000,000 (very low priority).

We applied this approach to the WHO Study Group on Tobacco Product Regulation (TobReg)

list of 18 toxicants for mandatory lowering and monitoring, with the aim of further categorising

them in terms of their relative risk in the context of cigarette smoke exposure. In addition, we

used the same methodology to evaluate an additional five chemicals that have been identified

by the FDA on their abbreviated list of 18 harmful and potentially harmful constituents (HPHC) in

cigarette smoke (7).

STEP 2
GENERATE BMDL10

Use USEPA downloadable 

BMD software (8) to model 

the dose response curve and 

compute BMDL10 of data 

identified in step 1

STEP 3
CALCULATE MOE

BMDL10/Estimated human exposure

STEP 1
LITERATURE REVIEW

Identify relevant experimental 

or epidemiological data from 

available literature

RESULTS

The calculated MOE ranges for each toxicant are given in Tables 1 and 2. The resulting

classifications of these toxicants into prioritisation bandings are presented in Table 3.

Of the nine TobReg toxicants identified for mandatory lowering, only carbon monoxide did not

have the relevant data required to calculate MOE values (Table 1). Chronic inhalation data were

available for many of these toxicants, giving a high degree of confidence in the MOEs obtained.

It was only possible to generate MOE values for four of the nine TobReg toxicants identified for

mandatory monitoring. Of the additional five chemicals on the abbreviated FDA HPHC list, MOE

ranges for isoprene and toluene were calculated based on rodent inhalation data (Table 2).
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Chemical Studies Routes of 

Exposure

Species 

(Sex)

Study 

Duration

Lesion(s) MOE 

Range

1,3-Butadiene 3 Inhalation Mouse 

(M/F)

60 weeks 

to 2 years

Respiratory epithelial  

hyperplasia/carcinoma/adenoma

220 -

1826

NNK# 1 Subcutaneous 

injection

Rat (M/F) Lifetime Nasal/lung tumours 801 -

15069

1 Drinking water Rat (M) Lifetime Nasal/lung tumours 278 -

1547

1 Multiple i.p. 

injections

Mouse (F) 37 weeks Lung tumours 3439

1 Single i.p. 

injection

Mouse (F) 16 weeks Lung adenomas 89544

Acetaldehyde 1 Inhalation Rat (M/F) 28 months Respiratory epithelial 

metaplasia/carcinoma

45 - 299

1 Inhalation Rat (M/F) 4 weeks Respiratory epithelial degeneration 

with hyperplasia/metaplasia

279 -

347

Acrolein 2 Inhalation Rat (M) 3 days; 13 

weeks

Nasal/larynx squamous metaplasia 0.3 - 1.7

Benzo[a]pyrene 

(B[a]P) 

1 Inhalation Hamster (M) Lifetime Larynx/trachea/pharynx tumours 29615 -

1.4x105

1 Intratracheal 

instillation

Hamster (M) 78 weeks Bronchioloalveolar/trachea/bronchi 

tumours

1.2x105 -

5.9x105

1 Oral gavage Rat (M) 104 weeks Oral cavity papilloma/carcinoma 1.7x106 -

2.4x106

3 Single lung 

implantation

Rat (M/F) Lifetime/ 

100 weeks

Lung tumours 16805 -

36834

1 Single i.p. 

injection

Mouse (M) 8 months Lung tumours 7.1x105

Benzene 1 Gavage Rat (M/F) 2 years Oral/lung tumours 515 -

3292

1 Multiple i.p. 

injections

Mice (M) 24 weeks Lung tumours 252

Carbon monoxide No relevant data for BMDS analysis has been sourced

Formaldehyde 5 Inhalation Rat (M/F) 24 - 30 

months

Nasal cell carcinoma 2 - 35

1 Inhalation Rat (M) 130 weeks Respiratory epithelial 

hyperplasia/metaplasia, rhinitis

9 - 39

4 Inhalation Rat (M/F) 13/26 

weeks

Respiratory epithelial 

hyperplasia/metaplasia, rhinitis

2 - 89

N-

Nitrosonornicotine 

(NNN)

1 Subcutaneous 

injection

Rat (M/F) Lifetime Nasal tumours 2759 -

7601

1 I.p. injection Hamster (M) Lifetime Nasal cavity/tracheal tumours 1.2x105 -

2.6x105

1 I.p. injection Mouse (F) 37 weeks Lung tumours 59591

1 Intragastric 

instillation

Rat (M/F) 120 weeks Nasal tumours 13632 -

19656

2-

Aminonaphthalene

1 Multiple i.p. 

injections

Mouse (F) 24 weeks Lung tumours 1.9x106

4-Aminobiphenyl No relevant data for BMDS analysis has been sourced

Acrylonitrile 1 Inhalation Rat (M/F) 2 year Respiratory epithelial hyperplasia, 

turbinates

5 - 51

1 Inhalation Rat (M/F) 10 weeks Nasal squamous 

metaplasia/inflammation, olfactory 

epithelium degeneration

101 - 203

1 Gavage Mouse (F) 105 weeks Lung adenoma or carcinoma 217

Cadmium 3 Inhalation Rat (M/F) 31 months Lung tumours 6 - 602

1 Inhalation Rat (M/F) 13 weeks Respiratory inflammation, 

metaplasia, degeneration

11 - 405

Catechol No relevant data for BMDS analysis has been sourced

Crotonaldehyde No relevant data for BMDS analysis has been sourced

Hydrogen cyanide No relevant data for BMDS analysis has been sourced

Hydroquinone No relevant data for BMDS analysis has been sourced

Nitrogen oxides No relevant data for BMDS analysis has been sourced

Chemical Studies Routes of 

Exposure

Species 

(Sex)

Study 

Duration

Lesion(s) MOE 

Range

1-Aminonaphthalene No relevant data for BMDS analysis has been sourced

Ammonia No relevant data for BMDS analysis has been sourced

Isoprene 2 Inhalation Mouse (M) 1 – 2 years Lung tumours, nasal turbinate 

olfactory epithelial degeneration

90 -

1810

Nicotine No relevant data for BMDS analysis has been sourced

Toluene 1 Inhalation Rat (M/F) 2 years Metaplasia/degeneration of nasal 

olfactory epithelium, inflammation of 

nasal mucosa

148 -

3358

Table 1. Studies used to calculate MOE values for TobReg chemicals* Table 2. Studies used to calculate MOE values for additional chemicals from FDA HPHC list

Category MOE Range Toxicant

Top priority 1-10 Acrolein

Very high priority 10-100 Cadmium, formaldehyde, acrylonitrile

High priority 100-1000 1,3-Butadiene, acetaldehyde, isoprene

Medium priority 1000-10,000 Benzene, toluene

Low priority 10,000-1,000,000 B[a]P

Very low priority >1,000,000

Table 3. Ranking of tobacco smoke toxicants according to majority MOE range

*TobReg chemicals proposed for lowering are highlighted in orange. TobReg chemicals proposed for monitoring 

are highlighted in blue. # 4-N-Nitrosomethylamino-1-(3-pyridyl)1-butanone 

The calculated MOE ranges were used to categorise the toxicants in order of their priority for

reduction in cigarette smoke (Table 3). Where possible, we have used in vivo lifetime inhalation

data, and where this was absent we weighted the available alternative in vivo data in favour of

chronic studies with repeated exposure where possible.

Using this approach, acrolein was identified as being the top priority due to its extremely low

range of MOE values, which were calculated using data obtained from two rat inhalation

studies. Cadmium, formaldehyde and acrylonitrile were categorised as ‘very high priority’, as the

majority of the MOE values for these toxicants fell within the range of 10-100.

B[a]P on the other hand was determined to be a low priority, with the majority of MOEs ranging

between 10,000 and 1,000,000. B[a]P is just one of several PAHs present in tobacco smoke

that may follow a similar MOA and further cumulative assessment may be required.

The remaining 6 toxicants for which MOE ranges could be calculated were distributed between

the categories of ‘high priority’ and ‘medium priority’. It was not possible to apply this banding

approach to NNK or NNN as the calculated MOE values for both of these toxicants lie above

and below 10,000. In the case of 2-aminonaphthalene there was only one MOE available.


