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Abstract
Whereas the impact of tobacco specific nitrosamines in smokers is obscured by the presence of numerous other carcinogens 
and promoters, for smokeless tobacco virtually all the carcinogenic potential is associated with 4-(nitrosomethylamino)-1-
(3-pyridyl)-1-butanone (NNK) and N’-nitrosonornicotine (NNN). In some countries exposure to smokeless tobacco with 
extremely high nitrosamine concentrations have been found to induce cancers in the head-neck region, whereas three 
recent large epidemiological studies failed to detect any such risk with respect to Swedish low-nitrosamine snuff.
This review deals with quantitative aspects of DNA adduct formation from NNN and NNK in relation to the background 
levels ubiquitously found in healthy humans without known exposures to either tobacco or alkylating agents. The lack of 
significant increases of pro-mutagenic O6-methylations and DNA pyridyloxobutylations seen in smokers, as well as the 
negative outcome of the Swedish epidemiological studies, can be expected on basis of extrapolation of the dose response 
relationships found in rodents to actual exposures to NNK and NNN in Swedish snuff or from smoking.
Sweden has the lowest prevalence of male smokers and smoking related diseases in the Western World, which has been 
ascribed to the fact that more than 20% of the grown up male population uses snuff. Smokeless tobacco represents an 
inexpensive and effective alternative to nicotine delivering products like nicotine patch, spray or gum. Considering that 
all other tobacco products are freely marketed, the ban on low-nitrosamine snuff in all countries in EU except Sweden is 
difficult to defend on either medical or ethical grounds.
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EXPOSURE TO NITROSAMINES

The presence of nitrosamines like N-nitrosodiethylamine 
(NDEA) and N-nitrosodimethylamine (NDMA) in some 
foods and beverages as well as their formation in the acid 
environment of the human stomach has been a matter of 
considerable concern [1–3]. The finding of N-nitrosopyr-
rolidine in concentrations as high as 1400 ng/m3 from the 
grilling of bacon [4] should also not be neglected at least 
for some exposure scenarios relevant to indoor air quality 
[5]. However, only in a few cases has it been possible to 

provide epidemiological evidence for a causal association 
between nitrosamine exposure and cancer, as e.g., for na-
sopharyngeal carcinoma in populations consuming Can-
tonese-style pickled fish containing high levels of NDMA 
as well as NDEA [3,6–7].
The highest exposure to humans of nitrosamines is caused 
by tobacco. The plant genus Nicotiana, and to a much 
lesser extent related species of the Solanaceae fam-
ily, contain several so called tobacco-specific alkaloids, 
mainly nicotine, nornicotine, anabasine, anatabine, and 
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myosmine. However, with respect to myosmine, this al-
kaloid has recently, in addition, been demonstrated to 
be present in significant quantities in a large number of 
foods and dietary components [8–10]. During curing and 
processing, tobacco-specific nitrosamines (TSNA) like 
4-(nitrosomethylamino)-1-(3-pyridyl)-1-butanone (NNK), 
N’-nitrosonornicotine (NNN), N’-nitrosoanabasine (NAB), 
and N’-nitrosoanatabine (NAT) are formed from the cor-
responding alkaloids. Myosmine is readily nitrosated giv-
ing rise to NNN or the same alkylating intermediate as 
is formed metabolically from NNN [11]. Small amounts 
of the volatile nitrosamines N-nitrosodimethylamine, 
N-nitrosopiperidine and N-nitrosopyrrolidine are also 
formed.
Nitrate is present in significant concentrations in tobacco 
as well as in salad and other leafy plants. Reduction of ni-
trate by microorganisms to nitrite during processing seems 
to constitute the mechanism underlying the nitrosation of 
amines present in tobacco. The high potency of the sys-
temic carcinogens NNK and NNN in the rodent, inducing 
tumors in lung, liver nasal cavities, esophagus and exocrine 
pancreas, has been a matter of serious concern [12], and 
a quantitative risk assessment of TSNA with respect to the 
low-dose region constitutes the main topic for this article.
Tobacco smoke contains a plethora of carcinogens other 
than nitrosamines, notably several potent polycyclic aro-
matic hydrocarbons (PAH), aryl amines, ethylene oxide, 
butadiene, acrylonitrile, as well as promoting agents which 
makes it extremely difficult to assess the relative impor-
tance of TSNA in the induction of smoking-related can-
cers. Thus, there is so far no adequate proof of a causal 
relationship between TSNA uptake and human lung can-
cer, and the mutation spectra of the p53 suppressor gene 
in lung tumors from smokers are more consistent with the 
genotoxic action from polycyclic aromatic hydrocarbons 
(PAH) than that expected from TSNA [13–15]. In contrast 
to tobacco smoke, the carcinogenic potential of smokeless 
tobacco products (snuff and chewing tobacco) is believed 
to be wholly associated with TSNA, and users of this kind 
of tobacco products, therefore, offer a unique opportunity 
for the study of an association between TSNA and human 
cancers. This is especially so for Sweden, where more than 

20% of the grown up male population uses moist oral snuff 
(snus), while at the same time smoking prevalence is the 
lowest among the industrialized countries [16]. Snuff use 
is also prevalent in the US, Canada, Norway, North Af-
rica, Central and South East Asia, and to a lesser extent in 
Finland, Denmark and Mexico. It has been estimated that 
in 1991 more than 5 million US Americans were “snuff 
dippers” [17]. In Bavaria, parts of Austria and Slovenia 
there is also a limited use of nasal snuff.
In this context it is important to realize that the levels of 
TSNA in smokeless tobacco may differ by orders of mag-
nitude depending on origin and manner of processing. Su-
danese “Toombak”, that has been associated with cancers 
of the oral cavity, is prepared from locally grown Nicotiana 
rustica and may contain up to 7870 mg/g (av. 2310 mg/g) of 
NNK and up to 3080 mg/g (av. 1130 mg/g) dry weight of 
NNN [18]. These levels should be compared to the average 
total TSNA values for Swedish moist snuff of 18 mg/g dry 
weight in 1983, a value that had dropped to about 9 mg/g 
in 1992 [19,20], and further down to 1 mg/g in 2002 [21]. 
Swedish snuff (snus) is produced from unfermented to-
bacco by a special heat sterilization process that results 
in comparatively low levels of TSNA. In the US, there has 
been a similar development for many snuff products. In 
Table 1 the nitrosamine and nicotine contents of moist 
snuff products from various sources are listed. For the 
sake of comparison, the TSNA levels found in 3 commer-
cial US brands of dry snuff as well as representative values 
for US cigarette tobaccos have also been included. The 
fact that locally grown tobacco used in many oral smoke-
less tobacco products that are consumed in South East 
Asia are mixed with areca nuts and betel leaves [12,22] 
– products that contain arecoline and associated nitrosa-
mines – further underlines the serious mistake made by 
several reviewers, including the International Agency for 
Research on Cancer (IARC) [12,23], when treating snuff 
as a well-defined and homogeneous tobacco product.
Morpholine, previously used in the manufacture and/or pack-
aging of certain tobacco products like snuff, gave rise to the 
carcinogen N-nitrosomorpholine found to occur at levels up 
to 0.7 μg/g in some US snuff products. Similarly, the pres-
ence of N-nitrosodiethanolamine at 0.3–3.3 μg/g in tobacco 
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was probably due to the agricultural use of diethanolamine as 
solubilizer for the growth inhibitor maleic hydrazide [30,31]. 
The contents of volatile nitrosamines in Swedish snuff have 
generally been low (mean for 14 samples, 0.008 μg/g, 1982), 
and the finding in 1981 of two Swedish products that con-
tained N-nitrosodimethylamine and N-nitrosopyrrolidine in 
levels ranging from about 0.1 to 0.2 μg/g dry weight must be 
regarded as an exception [32]. Today, the products found on 

the US as well as on the Swedish market are practically free 
from these nitrosamines [33].
As for some foods, the weakly carcinogenic non-tobacco 
specific nitroso amino acids N-nitrososarcosine (NSAR), 
and 3-(methylnitrosamino)-propionic acid (MNPA), and 
the moderately active 4-(methylnitrosamino)-butyric acid 
(MNBA) are also formed in snuff upon processing and 
storage. However, except for the single discovery of rela-

Table 1. Nicotine and nitrosamine content (based on dry weight) of tobacco products from various sources

Source Nicotine
(mg/g)

NNK
(mg/g)

NNN
(mg/g)

Total TSNA
(mg/g)

Moist oral snuff products
Sweden 

13 saples [19–21,24] 1.8 (0.59–3.8) 12.5 (4.7–77.1) 19.8 (5.5–106)
1983 (36 samples) 8–18 1.6 (0.5–2.4)  7.6 (3.2–9.4) 18 (5–102)
1986 (34 samples) 1.5 8.6 16.0
1992 (20 samples) 1.3 3.8 8.8
2002 (24 samples) 0.2 0.5  1.0 (0,2–3.1)

Norway [19]
1983 (2 samples) 6.6 (5.4–7.8) 42 (26–58) 77 (52–102)

Sudan [18]
Toombak 2310 1130 3740

US
3 samples [24] 2.8 23 45.3
5 samples [25] 1.3 (0.1–3.1) 16.6 (5.8–64.1) 85.6 (9.6–288)
2 samples of a new brand [26] 1.8/2.0 7/16 37/57 94/156

Copenhagen [27] 12.0 ± 0.7 1.9 ± 0.6 8.7 ± 1.4 17.2 ± 3.0
Skoal, Original [27]
Fine cut 11.9 ± 1.3 1.3 ± 0.1 8.2 ± 1.3 14.9 ± 2.5
Skoal, Bandits [27]
Straight 10.1 ± 0.8 0.9 ± 0.3 5.1 ± 1.0 8.2 ± 1.7
Kodiak [27]
Wintergreen 10.9 ± 0.8 0.6 ± 0.2 6.3 ± 1.1 11.0 ± 2.4
Hawken [27]
Wintergreen  3.2 ± 0.2 0.2 ± 0.04 3.1 ± 0.3 4.1 ± 0.4

Canada [28] 3.2–5.8 50–7 209–260
Dry snuff products

US [25]
3 brands 13 (12–14) 8 (2–15) 46 (15–84)  78 (37–135)

Cigarette tobacco
US [29]

Flue cured tobacco 1.8 0.9 4
Burley tobacco 1 5 10

NNK – 4-(nitrosomethylamino)-1-(3-pyridyl)-1-butanone; NNN – N’nitrosonornicotine; TSNS – tobacco specific nitrosamines.
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tively high levels of MNPA and MNBA in one US brand 
[26], the contributions of these nitrosamines to total can-
cer risk seem to be negligible [19,27]. 
In fire-cured tobacco elevated concentrations of PAH are 
bound to occur. Benzo[a]pyrene (BaP), an indicator of PAH 
exposure, and that has a carcinogenic potency comparable to 
that of NNK [34], may be present in some US snuff products 
up to about 60 ng/g [35]. However, this exposure is negligible 
in comparison with that from TSNA, and the cited PAH con-
tent is actually less than for a Frankfurter sausage grilled over 
open fire that can boost the total PAH content of up to 1600 
ng/g out of which some 212 ng/g may consist of BaP [36]. 
The impact of dietary PAH exposures derived from grilled 
meats is reflected in a marked increase in DNA adduct levels 
[37,38]. Finally, tobacco frequently also contains low levels 
of alpha particle emitters like 210Po mainly derived from natu-
ral radioisotopes present in bedrock or phosphate fertilizers, 
and the activity in Swedish moist snuff has been measured 
and found to be in the range of 22–120 Bq/kg dry weight. The 
dose of ionizing radiation from this source must be consid-
ered as totally negligible in comparison, e.g., with the natural 
radiation background and other sources of ionising radiation 
[39]. In summary, because other agents present in smokeless 
tobacco only contribute to a minor extent to the total potential 
risk, an adequate quantitative cancer risk assessment should 
be based on exposure to NNK and NNN.

METABOLIC TRANSFORMATIONS OF TSNA

Little or no unchanged NNK or NNN is excreted with 
urine, and in mammals the carbonyl group of NNK is re-
duced to 4-(meth ylnitrosamino)-1-(3-pyridyl)-1-butanol 
(NNAL), that is either conjugated with glucuronic acid 
and excreted in urine, or further metabolized by hydroxyl-
ation [40]. Like NNK, NNAL has been found to be a po-
tent experimental carcinogen [35].
By one pathway the methylene group adjacent to the 
N-nitroso group of NNK is hydroxylated producing an 
intermediate that apparently spontaneously decomposes 
to the directly methylating agent, methanediazohydroxide. 
Upon reaction with DNA, the latter will give rise mainly 
to 7-methylguanine and O6-methylguanine as well as small 

amounts of O4-methylthymine. Reduction of the carbonyl 
group of NNK leads to the formation of 4-(methylnitro-
soamino)-1-(3-pyridyl)-1-butan-1-ol (NNAL) which may 
form glucuronides, or undergo methylene hydroxylation 
like NNK [40].
A second hydroxylation pathway involves α-methylhydrox-
ylation to give α-hydroxymethyl-NNK, an intermediate that 
is sufficiently stable to form the corresponding glucuronide. 
However, by the main route of conversion, α-hydroxymethyl-
NNK leads to the formation of 4-(3-pyridyl)-4-oxobutane-1-
diazohydroxide that introduces covalently bound pyridyloxo-
butyl adducts at nucleophilic centers in DNA and proteins. 
Mild acid or alkaline hydrolysis of these adducts releases 
4-hydroxy-1-(3-pyridyl)-1-butanone (HPB), which can be 
derivatized and conveniently analyzed by GC-MS [40–42]. 
Minor metabolic pathways involve the hydroxylation of the 
6-position of the pyri dine ring of NNK, and pyridine-N-oxi-
dation of NNK and NNAL. Studies using human lung and liv-
er microsomal preparations seem to indicate that the NNAL 
pathway is more important, and direct hydroxylation less so in 
man than in rodents [40]. Similarly to rodents, NNK is rapidly 
and extensively metabolized by the α-hydroxylation pathway 
in the rhesus monkey [43], whereas this metabolic pathway as 
well as pyridine-N-oxidation seem to be much less prominent 
in human tissues [44]. The inhibition of the NNK α-hydrox-
ylation pathway by nicotine, cotinine and NNN constitutes an 
important observation, where the suppression of metabolic 
activation involves a shift towards increase of detoxification. 
As a consequence there is an increased excretion of pyridine-
N-oxides and NNAL-glucuronides as well as a reduction in 
the generation of HPB haemoglobin adducts [42,45]. There 
is also considerable species variation with respect to the me-
tabolism of NNK and NNN. Thus, The extent of α-carbon 
hydroxylation of NNN and NNK in human tissues was only 
1/10th to 1/100th of that in animal tissues [44].
Upon oxidative metabolism NNN generates the same reac-
tive diazohydroxide as is obtained upon α-hydroxylation of 
the terminal methyl group of NNK, thereby inducing pyridy-
loxobutylation of proteins and DNA. NNN gives a com plex 
pattern of metabolites in urine with N'-nitrosonornicotine-1-
N-oxide, 4-hydroxy-4-(3-pyridyl)-butyric acid, and 4-oxo-4-
(3-pyridyl)-butyric acid as the main excretion products, which 
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also appear as main metabolites from NNK. In the exposure 
range 3–300 mg/kg, 86 to 91% of an i.p. administered dose is 
excreted as metabolites in rat urine [40,46]. The major meta-
bolic activation pathways for NNK and NNN are summarized 
in Fig. 1.

CARCINOGENICITY OF TSNA IN HUMANS

While the carcinogenic hazards of smoking are univer-
sally known, even among the medical profession there 
are a number of misconceptions of the cancer risks asso-
ciated with smokeless tobacco. Local snuff that was pro-
duced in North Carolina between the World Wars as well 
as snuffs from Sudan and India with extremely high levels 
of TSNA have clearly been associated with cancers of the 
head-neck region [12,47,48]. Several later studies based on 
a limited material have been conducted in the US yield-
ing conflicting results. There remains little doubt that the 
oral cancers observed in some studies can be ascribed to 
TSNA, although synergistic effects from the consumption 

of alcohol and possibly also from smoking has probably 
contributed to the outcome of the Winn et al. study from 
the US. Based on this type of evidence, IARC [12,23] in 
Lyon classified oral snuff as a human carcinogen, and 
subsequently EU prohibited the marketing of oral snuff 
within the Community. However, in several large and well 
conducted epidemiological investigations that were sub-
sequently carried out in Sweden [16,49–51], no increase 
in cancer risk could be detected. Sweden has the highest 
per capita consumption of moist oral snuff in the Western 
World, but the lowest incidence of cancers of the lip and 
oral cavity. Thus, it is 78% of that in Switzerland, 71% of 
that in US, 69% of that in Finland, 61% of that in Canada, 
58% of that in Denmark, 45% of that in Austria, 39% of 
that in France and 13% of that in Sri Lanka [52].
Because of the large differences in use of snuff in males 
and females in Sweden (16% vs. 3% 1990), one would ex-
pect a much higher male/female ratio in oral cancers in 
Sweden than in other countries with low prevalence of 
male snuff users. However, the opposite is true. In 1990, 
age standardized incidence ratio figures for cancer of the 
lip and oral cavity in neighbouring Scandinavian countries 
[52] with much lower per capita consumption of smokeless 
tobacco were 2.0 (Sweden), 2.7 (Denmark), 2.6 (Finland), 
and 2.5 (Norway). It should be mentioned that a recently 
conducted prospective epidemiological study in 6779 
American users also found no indication that snuff pro-
duced during recent decades induces either oral cancers 
or increases the incidence of total cancers [53].
When Sweden joined EU in 1995, this country was grant-
ed an exemption from the ban on snuff provided that the 
packages carried a cancer warning. However, on basis of 
the negative epidemiological studies carried out in this 
country, the Swedish Ministry of Health subsequently 
withdrew the cancer warning, a regulatory action that was 
sanctioned by the revised EU Tobacco Directive [54].
In a recent cohort study, Boffetta et al. [55] found no evi-
dence that snuff affects the incidence of cancers of the 
esophagus, stomach, bladder, or kidney. On the other 
hand, and although the number of cases were small, they 
reported a statistically significant association between 
snuff use and risk for pancreatic cancer. However, this 

HPB – 4-hydroxy-1-(3-pyridyl)-1-butanone.

Fig. 1. Main metabolic activation pathways of 4-(nitrosomethyl-
amino)-1-(3-pyridyl)-1-butanone (NNK) and N’-nitrosonornicotine 
(NNN).
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study has some technical shortcomings that have been 
severely criticized [55]. Thus, for example, no adequate 
provisions had been made with respect to follow-up and 
confounding from alcohol abuse as well as pre-existing di-
abetes, both of which are important risk factors for cancer 
of the pancreas, and no follow-up of tobacco habits for the 
cohort was made. Finally, the purity of the snuff used by 
this cohort is unknown. Together with Iceland, Sweden has 
the lowest incidence of pancreatic cancer in Europe, and if 
at all snuff contributes to the development of this disease, 
its contribution is bound to be very modest. An analysis of 
a Swedish material is underway to assess this issue.
The Institute of Medicine, established by the US National 
Academy of Sciences in 1970 to examine policy matters in 
the area of public health, and acting as an advisory body to 
the US Federal Government, has stated that “Swedish snus 
(lower TSNA and nicotine levels than American brands) 
should be evaluated as a possible harm reduction product 
since two recent epidemiological studies have suggested 
that it does not increase the risk of oral cancer and has 
favorable cardiovascular outcomes” [56].
The Royal College of Physicians in London has expressed 
similar opinions [57], as have in a commentary in The Lan-
cet Peter Boyle, the recently appointed new Director Gen-
eral of IARC, and Nigel Gray, previous president of the 
International Union Against Cancer [58]. Some research-
ers have tried to find fault with the Swedish epidemiologi-
cal studies [59], but as will be discussed below, the negative 
outcome of the Swedish studies is actually to be expected 
on basis of molecular epidemiology and biochemical con-
siderations.

SMOKELESS TOBACCO KERATOSIS

It has been known for a long time that snuff use may in-
duce certain soft tissue changes of the oral cavity known 
as “snuff dipper’s lesion”, snuff-induced leukoplakia, or 
smokeless tobacco keratosis [60]. Considerable confu-
sion has been caused by equating these lesions with the 
preneoplastic leukoplakia induced by smoking, and that 
mostly involve the floor of the mouth, ventral tongue, 
and soft palate [61,62]. Larger studies have indicated that 

whereas for smoking induced leukoplakias – where about 
20% of the oral leukoplakias demonstrate some degree of 
dysplasia [63] – such changes are relatively rare in “snuff 
dipper’s lesions”. Thus, upon analyzing 114 biopsies from 
smoke less tobacco keratoses in a Swedish material, no 
single case of epithelial dysplasia was found [64]. In one 
prospective study in the US also no case of oral cancer 
was found during a ten-year period among 1550 persons 
with smokeless tobacco keratosis [65]. Prospective studies 
have also indicated that the histological changes induced 
by low-nitrosamine snuff are reversible upon cessation of 
use [66], although in rare cases progression to malignancy 
obviously cannot be excluded. It should be noted that the 
observations made in Scandinavia differ in general from 
the severe oral lesions that have been found in popula-
tions that use oral tobacco with high levels of nitrosamines 
or impure oral tobacco products that are mixed with betel 
leafs, areca nuts and lime [61].

MODULATION OF THE CARCINOGENIC EFFECTS 
OF TSNA

The major role of diet as the most important factor in the 
etiology of avoidable cancers in the general population 
is now well established [67–69]. It has, for example, been 
estimated that about 25% of the incidence of colorectal 
cancer, about 15% of the incidence of breast cancer, and 
about 10% of the incidence of prostate cancer could be 
prevented if the population in a country like Poland would 
have adopted the traditional Mediterranean diet [70].
In animal experiments several compounds of plant origin, 
exemplified by tea polyphenols, ellagic acid, resveratrol, 
alpha-tocopherol, and the isothiocyanates, have demon-
strated striking chemoprotective effects against the action 
of various potent carcinogens in rodents. As expected, the 
induction of tumors by TSNA represents no exception in 
this respect. In one experiment where NNN and NNK, 
with and without an extract derived from snuff (same total 
TSNA exposure) were swabbed in the oral cavity of rats, 
the yield of oral tumors was reduced from 8/30 in absence 
to 3/30 in presence of the extract [71]. These observations 
are consistent with the fact that, similarly to other plants, 
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tobacco contains antimutagens [72]. In particular, the ben-
zyl as well as phenethyl isothiocyanates contained in crucif-
erous vegetables appear to be chemoprotective against the 
carcinogenic action of NNK [73–75]. The concentrations 
of TSNA used in the above mentioned study by Hecht and 
co-workers [71] – and where approximately a 60% protec-
tion was observed in presence of the snuff extract – were 
orders of magnitude higher than those to which users of 
snuff are exposed. It is therefore possible, that at more 
realistic exposures, and where the relation between the 
levels of protective agents and TSNA is more favorable, 
a still higher degree of protection can be attained. It is 
possible, though, that at least part of the inhibition can be 
ascribed to inhibition of α-hydroxylation by nicotine and 
cotinine mentioned above [42,45].

HIGH-TO-LOW DOSE EXTRAPOLATION OF 
CANCER RISK BASED ON MECHANISTIC 
CONSIDERATIONS

It is generally accepted that cellular DNA damage that 
is misrepaired, or not repaired, constitutes a necessary, 
although not sufficient prerequisite for the development 
of malignant growth. Mainly based on theoretical consid-
erations it has been assumed that the shape of the dose 
response curve for genotoxic carcinogens is linear in the 
low-dose range that is not accessible for epidemiological 
or experimental investigations. However, this approach 
does not take into account saturation of detoxification 
and repair mechanisms. Thus, the exceedingly efficient 
and virtually error-free repair of oxidative damages by 
the base excision DNA repair pathway represents a life-
saving mechanism that is necessary for the survival of all 
higher organisms, and linear extrapolation from high to 
low doses for agents that induce this type of DNA dam-
ages is certainly not warranted. Similar considerations ap-
ply to agents that cause cancer by an indirect mechanism, 
like arsenic that induces genotoxicity by inhibiting DNA 
repair [76]. Likewise, linear extrapolation to zero dose is 
also not justified for genotoxic substances like antimony 
trioxide, formaldehyde and propylene oxide, where tissue 
damage, cellular proliferation and hyperplastic reactions 

are required for tumor induction. The “mega mouse ex-
periment” with 2-acetylaminofluorene [77] indicated that 
whereas correlation between dose and tumor incidence 
may appear linear for one target organ, this may not be 
so for other sites. Thus, while there seemed to be a strict 
proportionality between toxic endpoint and dose for liver, 
clear non-linear relationships for bladder tumors were 
found where the data shows good of fit to the non-linear 
probit model [78]. Finally, operation of mechanisms that 
involve trapping of the proximate carcinogenic agent may 
also result in sub-linear relationships resulting in what for 
practical purposes can be considered as a dose threshold. 
The extremely rapid formation of an enzyme-substrate 
complex between epoxide hydrolase and directly alkylat-
ing genotoxic epoxides provides a striking example of the 
latter mechanism [79]. 
When exposure induced by a specific genotoxic agent is so 
low that the number of primary DNA lesions induced by 
the agent in question will not appreciably affect the back-
ground level of the same type of DNA damages that are 
normally present in the organism, this can be considered 
as a “virtually safe” dose threshold, irrespective of the 
actual shape of the dose response relationship. Based on 
rodent and human data, the existence of such a threshold 
for exposure to the two nitrosamines NNK and NNN will 
be demonstrated below.

TYPE OF DNA ADDUCTS FROM TOBACCO 
SPECIFIC NITROSAMINES

As already mentioned, NNK and NNK – the major car-
cinogens present in smokeless tobacco – induce two types 
of primary DNA lesions: nucleotide methylations as well 
as pyridyloxobutylations. Recently researchers at the 
Stockholm University have obtained evidence that NNK, 
in addition, induces DNA phosphate pyridyloxobutyl al-
kylations [80]. With respect to methylations, the highest 
yields of adducts in the target organs, such as lung, liver 
and nasal mucosa of rats exposed to NNK have been found 
for 7-methylguanine (7-mGua), followed by O6–methyl-
guanine (O6-mGua), whereas very low levels of O4–me-
thylthymidine (O4-mThd) were present [81]. O6-mGua 
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is, on the other hand, a highly pro-mutagenic adduct that 
gives rise to GC to AT transitions [82–84] of a type found 
in codon 12 of the Ki-ras oncogene from mouse lung tu-
mors induced by NNK [85,86]. Some adducts from pyri-
dyloxobutylations (HPB) have recently been identified, 
and include the HPB 7- and O6- guanines, as well as HPB 
O2-cytidine adducts [87].
The complex kinetics of DNA adduct formation caused by 
NNK and NNN has been extensively studied, and reveals 
marked differences between tissues. After single or re-
peated exposures to NNK, Belinsky et al. [81,88,89] inves-
tigated the kinetics of O6-mGua, O4-mThd, and 7-mGua 
formation as well as secondary histopathological changes 
including tumor induction in the rodent liver, lung and na-
sal mucosa.

O6–methylguanine (O6-mGua)
Nasal mucosa. When rats were given 100 mg NNK per 
kg/day by the i.p. route for 12 days, after an initial sharp 
increase during the first day after treatment, there was 
no further increase in the concentrations of O6-mGua 
as well as of 7-meGua. This effect was ascribed to cyto-
toxicity and necrosis rather than induction of DNA re-
pair capacity that was found to be decreased [81]. Rats 
were treated during 4 weeks by s.c. injections, 3 times 
per week, with doses ranging from 0.03 mg to 50 mg/kg 
[89], i.e. corresponding to 0.013 to 21.4 mg/kg/day. The 
adduct levels increased rapidly in the dose range 0.13 to 
0.43 mg/kg/day, followed by a decline in alkylation effi-
ciency at higher doses (Fig. 2). An analysis of the low dose 
region is of particular interest in this context. Using linear 
dose extrapolation for the adduct data obtained in the low 
dose region (0.013–0.43 mg/kg), the X-axis is intercepted 
at about 0.01 mg/kg/day (Fig. 3), which agrees with fact 
that no increase in O6-mGua was detected in the respi-
ratory epithelium at the lowest dose of 0.013 mg/kg/day, 
although the limit of detection for O6-mGua was stated 
as 0.1 pmol/μmol guanine. After a 4-week treatment 
a steady state for adduct formation has been reached, and 
it is tempting to regard a value of 10 μg/kg/day as a NOEL 
for O6-mGua adduct formation from NNK in the nasal 
epithelia of the rat.

For the rat nasal olfactory epithelium, some necrotic chang-
es were detected at 1 mg/kg, and further necrotic changes 
became increasingly severe at doses above 10 mg/kg. The 
respiratory epithelium was considerably less sensitive. Af-
ter 20 weeks treatment a significant increase in malignant 
tumors was only found at 50 mg/kg. The authors therefore 
concluded that cell proliferation secondary to toxicity is 
required for tumor induction by NNK in the rodent nose 
[89,90].
Liver.  Following single administration of NNK in dos-
es between 1 to 50 mg/kg the levels of O6-mGua and 
7-meGua increase in an approximately linear fashion 
in liver [89]. However, upon repeated administration of 
100 mg NNK/kg/day over a 12 day period, after an initial 
sharp increase the concentration of O6-mGua as well as of 
7-meGua declines markedly in liver, probably due to the 
induction of DNA repair enzyme 06-methylguanine-DNA 
methyltransferase [91]. This enzyme efficiently remove 
methyl groups in a second order reaction (k ≈ 109 l/m/min) 
[92] whereby the free enzyme is not regenerated. Also, no 
increase in O6-mGua could be detected one day after sin-
gle s.c. injections of low doses of NNK in the range 0.03–0.3 
mg/kg/day, nor at 0.43 mg/kg/day during 4 weeks, reflecting 

Fig. 3. Induction of 06-mGua by 4-(nitrosomethylamino)-1-(3-pyri-
dyl)-1-butanone (NNK) in the rat nasal mucosa – low dose range.

Fig. 2. Induction of 06-mgua by 4-(nitrosomethylamino)-1-(3-pyridyl)-
1-butanone (NNK) in the rat nasal mucosa.
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efficient removal of the adducts by the DNA methyltrans-
ferase [89]. As the dose was increased to 21.4 mg/kg/day, 
necrotic changes and subsequent development of hepatic 
neoplasia appeared after 20 weeks of treatment. Based on 
these data 130 μg/kg/day appears to represent the NOEL 
for the formation of O6-mGua in liver.
NDMA produces the same methylating alkylating inter-
mediate as NNK, and utilizing radiolabeled nitrosodi-
methylamine (NDMA), the O6- and 7-methylation of gua-
nine was studied over a wider dose range in rat liver after 
a single i.p. injection [93]. Alkylation increased rapidly at 
low doses, and is approximately linear in the dose range 
1 to 50 μg/kg (alkylation efficacy ≈ 4 pmole/μmole Gua 
per mg NDMA). At higher doses the efficacy of alkyla-
tion levels off. These data cover doses that are orders of 
magnitude below those used by Belinsky et al. [89], but are 
difficult to extrapolate to chronic exposure conditions.
Lung. In contrast to liver and nasal mucosa, repeated ad-
ministration of 100 mg/kg/day NNK during 12 days causes 
a progressive accumulation of O6-mGua and O4-mThd 
in the lung [81]. In this organ O6-mGua is more slowly 
eliminated from Clara cells than from other cell types 
[89], probably due to low levels of O6-mGua DNA meth-
yltransferase [94]. It is important to note in this context, 
that the methyltransferase activity in lung is drastically re-
duced at higher exposures, an effect that is bound to aug-
mented DNA alkylation. Thus, 12 days´ treatment with 
100 mg/kg/day was found to diminish the activity by 95% 
[81]. Using radiolabeled NNK, Murphy et al. [95] were un-
able to detect any increase in O6-mGua in either whole 
lung or liver below a dose of 0.6 mg/kg/day given by the i.p. 
route during 4 days.
In Figure 4, showing data obtained from rats treated for 4 
weeks by s.c. injections, 3 times per week, with doses rang-
ing from 0.1 mg to 50 mg/kg (corresponding to 0.043 to 
21.4 mg/kg/day), there is a sharp increase in the yield of 
adducts at a dose of 0.13 mg/kg/day for Clara cells, and 
above 4.3 mg/kg/day for whole lung. Correspondingly, 
there was a non-significant increase in benign lung tu-
mors at 0.013 mg/kg/day after 20 weeks’ treatment, with 
a steep increase of the slope of the dose-response curve in 
the range 0.13–0.43 mg/kg/day. For O6-mGua there was 

a very good correlation between degree of alkylation in 
Clara cells (less so for other cell types or whole lung) after 
administration of NNK and the incidence of lung tumors 
in the mouse [96] as well as in the rat (r = 0.99) [89]. Un-
fortunately, no data were published for adduct levels in 
lung at the lowest dose, 0.013 mg/kg/day.

O4–methylthymine (O4-mT)
O4-mThd adducts are strongly pro-mutagenic. Although 
the concentrations induced by NNK in the rat are more 
than one order of magnitude below those for O6-mGua 
[81], they may contribute to a limited extent to the overall 
cancer risk from TSNA.

7-Methylguanine (7-mGua)
In comparison with O6-mGua, the levels of 7-mGua in-
duced by NNK are between 4 (lung) to 8 (liver) times 
higher [81]. For liver and lung the dose response for for-
mation of this adduct was studied upon i.p. administration 
of tritiated NNK in the dose range 0.003 to 5 mg/kg/day 
during 4 days [95]. Analysis of the rodent data obtained 
by Murphy et al. [95] gives a slope factor for induction of 
7-mGua by NNK in the low dose region of approximately 
50 pmol 7-mGua/mmol guanine per mg NNK per kg and 
day. Above 0.075 mg/kg there was steep increase in the 
yield of adducts that was virtually linear for liver. In this 
organ as well as in lung, adduct concentrations of 0.22 
and 0.23 pmol 7-mGua/μmole guanine could be detected 
at the lowest dose. However, the background levels for 
7-mGua in these organs could not be measured. By em-
ploying the 32P postlabeling assay Zhao et al. [97] found 

NNK – 4-(nitrosomethylamino)-1-(3-pyridyl)-1-butanone.

Fig. 4. Induction of 06-mGua in rat lung.
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a background concentration in rats of 2.1–2.5 7-mGua/107 
nucleotides (0.8–1.0 pmol/μmole guanine), implying that 
the adduct yield for NNK at 3 μg/kg/day approximately 
represents a 20% increase in the natural background, 
a dose that may be considered as a LOEL value slightly 
above a true NOEL value.
7-mGua causes insignificant distortion of the helix, and 
upon replication the DNA polymerases will not distin-
guish alkylated guanosine from the normal nucleoside. 
In general, this adduct is poorly repaired, but may result 
in spontaneous depurination, or be repaired by alkylpu-
rine-DNA-glycosylases in the base excision pathway [98]. 
Apurinic sites usually undergo rapid and error-free repair, 
but may give rise to base-pair change mutations [99,100]. 
However, as compared with O6-mGua and O4-mThd, 
7-mGua is a poor inducer of point mutations [84,101–103], 
and although the yield of 7-mGua is much higher than that 
of O6-mGua, 7-mGua adducts seem to be of secondary 
importance with respect to cancer induction by NNK. This 
assumption is strengthened by the observation that there 
is no correlation between 7-mGua adduct levels and inci-
dence of tumors in rodent [104]. Agents that preferentially 
induce a high level of 7-guanine alkylation have, on the 
other hand, a propensity to induce chromosomal aber-
rations [105]. However, in view of the fact that adducts 
other than 7-mGua are also generated, the role of the lat-
ter adduct is somewhat difficult to assess with respect to 
clastogenicity.
Oral administration of NNK. Exposure to NNK by the 
oral route may result in an adduct tissue distribution that 
is different from that from s.c. or i.p. injection, a fact that 
is underlined by the finding, that in contrast to injection, 
pancreatic tumors can readily be induced by administer-
ing NNK by the oral route. NNAL has been suggested to 
induce pancreatic tumors, and one reason for this discrep-
ancy may be a first pass metabolism in liver and small in-
testine yielding more NNAL.
In the study conducted by Rivenson et al. [106], 344 male 
Fischer rats were administered the nitrosamine in drinking 
water at 0.5, 1.0 or 5.0 ppm during the animals’ lifetime. 
Clear dose response relationships were evident for tumors 
in lung, liver, and nasal cavities, out of which the induction 

of lung tumors appears to be the most sensitive end point 
that could conveniently be used for high-to-low dose risk 
extrapolation. At the lowest dose, there was a significant 
increase in pancreatic tumors but not in lung. However, an 
anomaly was the unusually high incidence of lung tumors 
in controls (7.5%) as well as the fact that the pancreatic 
tumor incidence was less at the highest than at the lowest 
dose. As compared with i.p injection, the levels of O6 and 
7 guanine adducts induced by NDMA in rat kidney were 
significantly lower upon oral administration [93].

DNA pyridyloxobutylations
Plotting the data for dose vs. HPB released from hemo-
globin in an investigation where tritiated NNK was admin-
istered to rats by 4 daily i.p injections in the dose range 
3–10 000 μg/kg/day to rats gives a strict linear relationship. 
However, alkaline hydrolysis only releases between 30 to 
40% of the bound tritium as HPB in the dose range 3–600 
μg/kg, and at higher doses an even lower fraction of the 
activity was recovered [95]. HPB phosphate adducts are 
quantitatively released upon hydrolysis (Törnqvist, per-
sonal communication), and the nature of the material that 
remains in DNA after hydrolysis is obscure. Nevertheless, 
HPB Hb adducts have been used for monitoring exposure 
of humans to TSNA (see below).
The interpretation of HPB adduct data is complicated 
by the fact that more than one adduct seems to be gen-
erated [107], and reliable dose response relationships in 
the low-dose region that can be correlated with induction 
of cancer do not seem to be available. When investigat-
ing HPB released from liver and lung DNA in rats given 
daily i.p. injections of NNK during 4 days, no increase in 
the adduct concentration could be detected at a dose of 
3 μg/kg/day (detection limit, 0.05 pmol HPB/μmol Gua). 
In the range 3 to 600 μg/kg/day the dose response rela-
tionship was roughly linear, whereas a non-linear response 
was seen in the upper dose range, an observation that was 
tentatively interpreted as saturation of the metabolic acti-
vation system involved [95]. For the nasal epithelia of the 
rat, a single dose of 3460 μg/kg NNK did not cause any 
detectable elevation of HPB adducts, neither in the respi-
ratory nor in the olfactory mucosae [108]. The bulky HPB 
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adducts, that can be expected to be repaired by the nucleo-
tide excision pathway, have been reported to induce G to 
A transitions and G to T transversions [86], and there is 
convincing evidence that HPB DNA adducts are involved 
in the induction of tumors of the rodent nasal epithelium 
and esophagus [108,109]. NNN and NNK, both of which 
induce HPB adducts at this site, have very similar carcino-
genic potency with respect to induction of neoplasia in the 
rat nasal mucosa, whereas NDMA which does not induce 
HPB adducts, but is a potent methylator, has a very low 
carcinogenic potency with respect to the nasal mucosa.
With respect to HPB phosphate alkylations, although 
persistent, there is as yet no evidence that this type of 
adducts are involved in cancer initiation. Thus, there is, 
for example, no correlation between degree of phosphate 
alkylation and mutations (Dag Jenssen, personal commu-
nication).

UPTAKE OF TSNA FROM SMOKING 
AND USE OF SNUFF

Uptake of TSNA in smokers and users of snuff. The up-
take of microgram amounts of NNK in smokers as well as 
from the use of American snuff has been adequately docu-
mented by recovery of the metabolites 4-(methylnitrosa-
mino)-1-(3-pyridyl)-1-butanol (NNAL) and [4-(methylni-
trosamino)-1-(3-pyridyl) but-1-yl]-β-O-D-glucosiduronic 
acid (NNAL-Gluc) from urine. In these studies, the mean 
excreted amounts of NNAL-Gluc and NNAL were ap-
proximately similar in smokers and users of snuff [110,111]. 
Because of the appreciable variations in content of TSNA 
in cigarettes, that does not necessarily correlate with tar 
yield [112], it is difficult to estimate the actual intakes for 
smokers included in the investigations cited above. The 
same goes for consumers of US American snuff. Accord-
ing to Philip Morris the highest levels are found in bur-
ley tobacco with a content of about 10 μg/g of TSNA, out 
of which 1 μg/g is NNK and 5 μg/g consists of NNN. The 
US flue cured tobaccos have, typically, 4 μg/g of TSNA 
with 1.8 μg/g NNK and 0.9 μg/g NNN. Greek and Turk-
ish oriental tobaccos are characterized by very low TSNA 
contents [29]. In a systematic survey of cigarettes on the 

US and German markets, the French Gauloises contained 
8.6 μg/g of TSNA, whereas in US and German brands the 
TSNA concentrations were in the range 1.6–5.5 μg/g, out 
of which 50–60% was NNN and 11–21% NNK [113]. For 
estimation of actual intakes, measurements of yields in 
mainstream smoke from modern cigarettes conducted at 
the Massachusetts Institute of Technology are more repre-
sentative [112] and shall be used in this context. Average 
values based from this source indicate an uptake of about 
0.25 μg of NNN and 0.17 μg of NNK per cigarette, assum-
ing 100% absorption in the lung. Smoking 20 cigarettes 
per day will then give a dose of 0.07 μg/kg/day of NNN and 
0.05 μg/kg/day of NNK. For moist snuff an absorption of 
about 60% has been demonstrated [114].
Present time and historical exposures to TSNA from 
Swedish snuff. In the case-control study from North Caro-
lina – the only adequately performed study that has dem-
onstrated a significant association between oral snuff and 
cancers in the oral cavity and pharynx – in 1980 the aver-
age age of the included white women was 69 years [47], 
implying that a considerable extent of the exposure had 
occurred before World War I. The snuff that had been con-
sumed for decades by these women, and that in part was 
most probably produced by local North Carolina tobacco 
growers (Palmer, personal communication), was certainly 
characterized by a much higher content of TSNA than the 
snuff produced by the Swedish producers after the war. 
As discussed below, the lower nitrosamine content of the 
latter no doubt provides an explanation why the four more 
recent epidemiological studies from Sweden failed to de-
tect any increase in cancer [16,49–51]. However, to assess 
actual exposures of the investigated Swedish cohorts, and 
because the Swedish epidemiological investigations also 
included subjects with a long history of snuff use extending 
over several decades, the changes in contents of TSNA in 
Swedish snuff over a longer period of time must be taken 
into consideration. 
According to analyses performed by the responsible Gov-
ernment agency [21], Swedish moist snuff today contains 
on the average 0.2 μg/g of NNK and 0.5 μg/g of NNN (dry 
weight), giving a daily total intakes of 0.009–0.018 and 
0.021–0.042 μg/kg/day for NNK and NNN, respectively, 
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based on a daily consumption of 10–20 g of moist snuff 
and 60% TSNA absorption [114]. The first determinations 
of NNN and NNK were conducted in 1983 by the Swedish 
Food Administration (Table 1) [19]. During the following 
decade the average levels were approximately 1.6 μg/g of 
NNK and 7.6 μg/g of NNN, corresponding to daily intakes 
of 0.14 and 0.65 μg/kg/day for the two nitrosamines, re-
spectively. Hoffmann et al. [24] have, on the other hand, 
provided evidence that Swedish snuff prior to 1983 had 
higher contents of TSNA. Thus, the American Health 
Foundation group identified one box of snuff, where the 
tobacco had a total content of 106 μg/g TSNA, out of which 
some 77 μg/g was identified as NNN and 4 μg/g as NNK. 
However, in view of the fact that considerably lower values 
were found for the other 12 analyzed samples purchased 
in several Swedish cities, the sample with extremely high 
TSNA levels might have been an outlier. The contents of 
NNK and NNN for Swedish snuff produced before 1983 
can be roughly estimated also in the following manner.
In Figure 5 the correlation between total TSNA (NNK, 
NNN, NAT, NAB) concentrations and that of the two 
most important volatile nitrosamines in tobacco, N-ni-
trosodimethyl-amine (NDMA) and N-nitrosopyrrolidine 
(NPYR), are shown. Data have been derived from analy-
sis of 24 different samples, where two outliers have been 
excluded [19,26,32,35,115]. The correlation coefficient is 
0.92 with a beta of 0.14, i.e. 10 ppb (NMDA+NPYR) cor-
responds to 1.4 ppm TSNA. Figure 6 shows the levels of 
the two most important volatile nitrosamines in Swedish 
snuff during the time period 1979–1982. The sharp decline 
in concentrations after 1979 reflects the modernized pro-
cessing introduced in the new factory of Svenska Tobaks 
AB, that started production in 1981–1982. Thus, the value 
of 209.8 ppb of volatiles for 1979 would correspond to 
about 29 μg/g TSNA (CI: 27–31 μg/g), which is somewhat 
higher than for the Swedish samples that were probably 
collected in 1980, and that had an average TSNA content 
of 20 μg/g [24]. Because the production process did not 
undergo appreciable changes during the decades from the 
time since World War II until 1981, total TSNA levels in 
the range 20–30 μg/g could be considered as representa-
tive for snuff produced before this date. An average con-

tent of 3 μg/g of NNK and 14 μg/g of NNN in snuff (dry 
weight), giving a daily total absorbed dose from 20 g moist 
snuff of about 0.26 μg/kg/day of NNK and 1.2 μg/kg/day of 
NNN, probably represents concentrations that are repre-
sentative for Swedish snuff produced before 1980. 
For Swedish snuff marketed during three decades preced-
ing 1991, when the two major epidemiological studies were 
conducted, weighted data would indicate approximate av-
erage concentrations for NNK and NNN of 2.5 μg and 12 
μg/g, respectively.

EXTRAPOLATION OF RODENT DATA TO HUMANS

When classifying snuff (all types) as carcinogenic, IARC 
[12,23] has heavily relied on rodent bioassay data for NNK 
and NNN. In the following discussion the author of this 
paper will do the same, but whereas IARC unfortunately 
pays no attention to levels of risk, the quantitative aspects 
of rodent bioassays will provide an important input for 

NDMA – N-nitrosodimethylamine; NPYR = N-nirosopyrrolidine 
(values based on dry weight) [19].

Fig. 5. Correlation between volatile nitrosamines and tobacco specific 
nitrosamines (TSNA).
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quantification of human risk associated with exposure to 
TSNA in tobacco products.
The appropriate manner of extrapolating target adduct 
concentrations induced by NNK in the rat to those ex-
pected in humans exposed to the same dose by the oral 
route presents several difficulties. It should be noted, 
however, that the carcinogenic potency of NNN and 
NNK for oral administration does not differ appreciably 
from that observed for i.p. or s.c. administration. The 
fact that the target tissue for carcinogenicity of TSNA 
in humans appears to be different from what is found 
in rodents is another concern. With respect to the first 
issue, US EPA has relied on surface based extrapola-
tion for regulatory purposes to determine the human 
equivalent dose from cancer data obtained in rodents. 
The underlying rationale is the empirical observation 
that metabolic rate shows a better correlation with 
surface area than with body weight, and the assump-
tion is that a similar relationship also holds for various 
toxicological effects [115]. For a toxicological endpoint 
obtained in the rat the human equivalent dose would be 
about 6 times lower. However, by investigating DNA 
alkylations in the rat, mouse, dog and monkey, we have 
demonstrated that this correlation does not hold for 
a directly alkylating agents like propylene oxide and 
ethylene oxide [116,117], and it is difficult to predict in 
which way a higher metabolic rate in the rodent would 
affect the balance between the various activating and 
detoxifying pathways for NNK.
The levels of O6-mGua and 7-mGua in liver were prac-
tically the same during 24 h post dosing in the rat and 
the hamster [104]. Instead of a difference of a factor of 
6 as expected from surface area based extrapolation, the 
O6-mGua adduct level was about 40% lower in mice that 
received a single i.p injection of 100 mg/kg [96] as com-
pared to rats given a single s.c. dose of 78 mg NNK per kg 
(Fig. 2) [118]. There is a strict linear correlation between 
NNK dose and HPB adducts released from Hb. As dem-
onstrated below, HPB data from the rat agrees with those 
observed in humans within a factor of about two. Obvi-
ously, surface based extrapolation does not hold for DNA 
adduct formation from NNK.

DNA ADDUCT LEVELS IN HUMANS RELATED 
TO ESTIMATED EXPOSURES AND DATA FROM 
RODENT STUDIES

A number of recent investigations have demonstrated that 
background levels of DNA adducts, probably caused by 
unknown dietary or endogenous sources, are ubiquitously 
found in healthy humans without known exposures to ei-
ther tobacco or alkylating agents. In a large-scale molecu-
lar epidemiological investigation of O6-mGua using blood 
leukocyte DNA from subjects in 17 regions worldwide, the 
levels were higher in regions with higher consumption of 
nitrate-treated foods [119]. This observation is consistent 
with the hypothesis that agents formed through intragastric 
nitrosation contributes significantly to methylated DNA 
adduct formation. As mentioned above, an additional ex-
ternal exposure to TSNA that does not appreciably affect 
the “normal” background concentrations of methylated or 
pyridyloxobutylated DNA adducts should be considered 
as a “virtually safe”.

METHYLATIONS

Adduct levels in humans. In contrast to 7-methylguaine, 
relatively few studies on the background levels of O6-
methylguanine have been conducted. Using a mono-
clonal antibody specific for O6-methyldeoxyguanosine 
(O6-MedGuo) in a competitive enzyme-linked immuno-
sorbent assay with a lower limit of detection of 0.5 pmol 
O6-mdGuap/μmol deoxyguanosine, placental DNA from 
smoking and non-smoking women was analyzed [120]. 
Two of 10 DNA samples from smoking women and three 
of 10 from non-smoking women had detectable concen-
trations of O6-MedGuo. Thus, this study failed to reveal 
any significant differences. With the development of novel 
more sensitive radioimmunological techniques, the back-
ground concentrations of O6-mGua in liver was found to 
be in the range 0.1–0.7 pmol/μmol guanine. In peripheral 
leukocytes from healthy volunteers the median adduct 
concentrations were about an order of magnitude lower 
(range, 0.07–0.46 pmol/μmol Gua) than in liver [121,122] 
or colon [123]. Nevertheless, this adduct was found in 
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83–86% in samples of maternal and cord blood leukocyte 
DNA from healthy smoking and non-smoking women at 
levels up to 0.2 pmol/μmol guanine [124]. Interestingly, 
smoking status had no effect on the detected adduct lev-
els. In normal colorectal tissues, O6-mGua was detected 
in 27 out of 62 samples (detection limit 0.01 pmol/μmol 
Gua) where the concentrations ranged from 0.01 to 0.94 
pmol/μmol Gua [123].
Similar to rats treated with NNK, the concentrations of 
O4-mThd in human tissues appears to be low. Thus, in hu-
man liver the mean value of the ratio between O6-mGua 
and O4-mThd was about 6 [121].
Using 32P-postlabeling the effect of smoking on the for-
mation of 7-deoxymethylguanosine in human peripheral 
white blood cells was investigated in 10 smokers and 10 
non-smokers [125]. In smokers the mean DNA adduct 
levels in total white blood cells, granulocytes and lympho-
cytes were 6.9, 4.7 and 23.6 7-mGua/107 nucleotides to be 
compared with 3.4, 2.8 and 13.5 adducts/107 nucleotides 
for non-smokers, a difference that was reported to be 
significant. Subsequently, 7-mGua adducts were deter-
mined in normal bronchial tissues and total peripheral 
blood lymphocytes [126]. The mean bronchial 7-mGua 
levels in 11 smokers and 6 non-smokers were 17.3 and 4.7 
adducts/107 nucleotides, respectively. In lymphocyte DNA, 
the mean levels were 11.5 for smokers and 2.3 adducts/107 
nucleotides for non-smokers. There were wide individual 
variations, but for bronchial adducts there was a statistical 
significant difference between smokers and non-smokers. 
In a later study performed by the same group on larynx 
tumor biopsies from 46 patients, the differences between 
smokers and non-smokers were reported as significant al-
though less marked [127]. However, the statistical method 
used (t-test) is not appropriate for this data limited set. In 
addition, determinations of the 7-mGua adducts in human 
tissues obtained by thin layer chromatographic methods 
used in the above mentioned 32P-postlabeling studies are 
difficult to interpret because of contamination by 7-hy-
droxyethylguanine adducts which are present as very high 
background levels [128].
Using 32P-postlabeling 7-mdGp and 7-ethyldGp DNA ad-
ducts were measured in eight separate lung segments ob-

tained by autopsy from 10 smoking and non-smoking donors 
that were free of cancer [129]. Adducts were detected in all 
samples in levels ranging from 0.3 to 11.5 adducts/107 nu-
cleotides with a mean of 2.5 adducts /107 nucleotides. There 
were highly significant individual variations but they could 
not be explained by differences in smoking habits, gender, 
age, blood ethanol, or ventilation or perfusion variability. 
Expected adduct levels in smokers and users of snuff. As-
suming a linear relationship between absorbed NNK dose 
and O6-mGua adduct formation down to zero dose in rat 
lung Clara cells – the most sensitive biomarker relevant to 
cancer induction in the rat – a slope factor for adduct in-
duction of about 160 pmol/μmol guanine per mg/kg/day of 
NNK is obtained for the low dose range (Fig. 7). Based on 
an intake of 0.05 μg/kg/day of NNK for a person smoking 
20 cigarettes, the expected adduct level in rat lung Clara 
cells would be 0.05 • 0.16 = 0.008 pmol/μmol guanine, 
a concentration that is orders of magnitude lower than the 
background levels actually detected in humans. Based on 
rodent liver data or whole lung, the differences would be 
even greater.
The expected O6-mGua level in Clara cells from NNK 
contained in a daily dose of Swedish snuff can be estimat-
ed to be 0.017 • 0.16 = 0.0027 pmol/μmol guanine. If in-
stead, weighted representative values for snuff marketed 
during the decades preceding 1990 are use, a predicted 
O6-mGua level of 0.26 • 0.16 = 0.04 pmol/μmol guanine 
is obtained. The extrapolated adduct value for Swedish 
snuffs in rat Clara cells should be compared with the 3 
to 75 times natural background levels in human tissues of 
0.1–0.2 pmol/μmol guanine. The margin of safety based on 

NNK – 4-(nitrosomethylamino)-1-(3-pyridyl)-1-butanone.

Fig. 7. Induction of 06-mGua in rat lung.
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background levels of O6-mGua found in whole lung would 
be even higher.
In Table 2, O6-mGua adduct concentrations in rat liver togeth-
er with data for tumor induction are given for different doses 
of NNK [89]. After one day’s treatment a significant increase in 
adduct concentrations is only apparent at a dose of 1000 μg/kg. 
Thus, to achieve an adduct concentration in rat liver hepa-
tocytes one day after a single dose, and that corresponds to 
the normal background levels found in human liver (0.1–0.7 
pmol/μmol Gua), this would require a dose in the range 300–
1000 μg/kg, i.e. an intake that is orders of magnitude above the 
daily NNK dose consumed by a Swedish snuff user.
For 7-mGua Zhao et al. [97] found a background concen-
tration in rats of about 2.3 adducts per 107 nucleotides 
(0.9 pmol/μmole guanine), which is about the same as for 
human white blood cells. Relying on the slope factor of 
50 pmol/μmol per 1000 μg NNK for induction of 7-mGua 
based on the Murphy et al. [95] study, one would have ex-
pected to find an increase in 7-mGua of 0.005 pmol/ μmol 
guanine in a smoker with a NNK intake of 0.05 μg/kg/day 
(0.005 adducts per 107 nucleotides), an increase that is ob-
viously far too low for detection.

PYRIDYLOXOBUTYLATIONS

Hemoglobin adduct levels in humans. In a study by Hecht 
et al. [130], the mean HPB hemoglobin adduct levels were 
517 ± 538 (SD), 79.6 ± 189 and 29.3 ± 25.9 fmol HPB/g 

hemoglobin for users of snuff, smokers and non-smokes, 
respectively. However, the increase in HPB adducts exhib-
ited large individual variations, where some non-smokers 
had higher HPB values than the mean value for smokers. 
The average cigarette consumption was reported as 21.8 
cigarettes per day, estimated to have yielded an inhaled 
dose of NNK and NNN of about 5 μg/day (0.07 μg/kg/day). 
Although not measured, the TSNA content of the snuff 
used by the subjects in the US study was reported to give 
an intake of 0.7 μg/g NNK and 9 μg/g NNN (dry weight). 
This most probably underestimates actual exposures. 
Thus, although no systematic analyses of marketed prod-
ucts had been undertaken, at this time US snuffs could 
contain up to 44 μg/g NNK and 73 μg/g NNN (Table 1). As 
late as 2001 a survey commissioned by the Massachusetts 
Department of Health, and reported by Brunnemann et 
al. [131], found TSNA levels varying from 7.5 to 130 μg/g 
in US moist snuffs. The authors assumed a daily consump-
tion of about 5 g wet snuff, which is about four times lower 
than a typical intake by a Swedish consumer [60]. When 
based solely on these data the claim that snuff induces 
HPB levels in Hb that are much higher in users of snuff 
than in smokers at similar exposures to TSNA, therefore, 
seems unwarranted. On the other hand, Falter et al. [132] 
found significantly elevated levels of HPB-releasing Hb 
adducts in users of nasal dry snuff, and in view of the rath-
er low amounts of nasal snuff that is normally used, and 
unless the TSNA level were significantly elevated in the 
products in question, for obscure reasons these findings 
seem to reflect a higher impact of the use of nasal snuff 
on pyridyloxobutylations of hemoglobin than from smok-
ing. One possible reason is the high activity of CYP2A13 
found in human nasal mucosa leading to effective activa-
tion of NNK, but because these metabolic competent cells 
are rapidly sloughed off, this may have little impact for the 
development of nasal tumors. 
Utilizing an analytical procedure for the simultaneous de-
termination of human hemoglobin adducts from aromatic 
amines and TSNA, Falter et al. [132] found only marginal 
differences in Hb HPB-releasing adducts in smokers and 
non-smokers, although the levels of aminobiphenyl ad-
ducts in smokers were drastically increased. In a larger 

Table 2. Dose response for O6-methylguanine formation and tumor 
induction in liver from Fischer rats treated s.c. 3 times per week up to 
20 weeks, with doses from 0.03 to 50.0 mg/kg

O6-methylguanine
(pmol/μmol guanine)

Benign
+ 

malignant 
tumors

Dose 
(mg/kg/day) 1 day 4 weeks No. 

of animals
Vehicle

0.03 ND ND 60 0
0.1 ND ND 60 1
0.3 ND ND 60 0
1.0  2.3 ± 1.1 ND 30 2
10.0 13.4 ± 2.2 1.9 ± 0.1 30  3
50.0 86.7 ± 7.5 4.4 ± 0.6 62 51

ND < 0.1 pmol/μmol guanine.
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material, comprising 47 smokers and 93 non-smokers, 
significantly higher adduct levels were found in smokers 
(96 ± 102 fmol/g), than in non-smokers (57 ± 53 fmol/g) 
although the difference was only about twofold [133].
In a study sponsored by IARC in 18 smokers and 52 
never-smokers [134], HPB-Hb adduct levels were signifi-
cantly higher (P = 0.02) in smokers (26 ± 13 fmol HPB/g 
Hb) than in never-smokers (20 ± 8 fmol HPB/g Hb). The 
20% higher Hb levels found in smokers could possibly 
be attributed to a much higher delivery of TSNA from 
some types of French cigarettes in comparison with US 
brands [113].
Expected adduct levels in smokers and users of snuff. 
Based on data from Murphy et al. [95], in Figure 8, the 
relationship between HPB adduct formation and amount 
of administered NNK (i.p.) daily for 4 days is shown for 
the dose interval 3 to 600 μg/kg/day giving a slope factor of 
about 720 fmol HPB/g globin per μg of NNK per day. In 
the studies by Atawodi et al. [134] and Richter et al. [133], 
differences between smokers and non-smokers were in 
the range 10–40 fmol HPB/g globin, whereas an increase 
amounting to 86 fmol HPB/g globin would have been ex-
pected based on rodent data, and assuming an intake of 
0.12 μg/kg/day of NNK and NNN. A likely explanation for 
the modest discrepancy between expected and measured 
HPB Hb adduct concentrations in smokers is the less effi-
cient metabolic activation by the α-hydroxylation pathway 
in humans as compared with rodents, in combination with 

an inhibition of the same caused by high levels of nicotine 
and cotinine.
For HPB DNA adducts, the data from Murphy et al. [95] 
for the dose range 3–600 μg NNK gives a slope factor of 
about 2.0 pmol HPB/μmol guanine per mg of NNK. Thus, 
a heavy smokers’ intake of 0.12 μg/kg/day of NNN and 
NNK would be expected to give an HP DNA adduct level 
of 0.0024 pmol HPB/μmol guanine, a concentration that 
would be far below the detection limit.
HPB adducts in human DNA. Although HPB Hb adducts 
can obviously be used as a measure of exposure, the HPB 
releasing DNA adducts constitute the relevant biomarkers 
for induction of cancer. Foiles et al. [135] reported differ-
ences between 9 smokers and 8 non-smokers by measuring 
the release by acid hydrolysis of HPB DNA adducts from 
human peripheral lung and tracheobronchial tissues col-
lected at autopsy. However, the employed methodology 
was not sufficiently sensitive to permit any definite conclu-
sions. Thus, in tissues from 2 smokers and 7 non-smokers, 
no adducts could be found.
Employing an improved analytical method Richter´s 
group conducted a series of investigations on sudden death 
victims from the Munich area [136,137]. In non-smokers 
a mean HPB DNA adduct level of 50 ± 42, 130 ± 148, and 
130 ± 110 fmol HPB/mg DNA (corresponding to 0.6, 1.6 
and 1.6 pmol HPB/μmol guanine), was detected in lung, 
esophagus and cardia, respectively. Although the average 
concentration of DNA HPB adducts in lung were some-
what increased in 49 smokers (91 ± 133 fmol HPB/mg) as 
compared with 34 non-smokers (50 ± 42 fmol HPB/mg), 
this difference was not statistically significant. The level 
predicted from animal experiments for a person smoking 
20 cigarettes per day is more than 2 orders of magnitude 
lower. The considerably higher levels found in esophagus 
and cardia were unrelated to smoking status, and where-
as there was a highly significant correlation between ad-
ducts in esophagus and cardia, no correlation was found 
between lung and esophagus. Esopahagal mucosa taken 
close to the esophagogastric junction from 40 smokers 
had 143 ± 29 fmol HPB/mg DNA, and in non-smokers 
130 ± 30 fmol HPB/mg DNA. On the other hand, a sig-
nificantly higher level of HPB-releasing adducts was found 

Fig. 8. Relation between NNK dose and amount of radiolabeled HPB 
released from hemoglobin in the rat [95].
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in lung DNA from smoking as compared to non-smoking 
patients undergoing lung cancer surgery. However, the 
interpretation of the latter data in relation to a “natural” 
adduct background is complicated by impair of DNA re-
pair systems that may occur in cancerous tissues. It is, for 
instance, well known that the O6-methylguanine-DNA 
methyltransferase gene is epigenetically silenced in various 
human tumors by hypermethylation of the promoter CpG 
island [138].
Expected adduct levels in smokers. Murphy et al. [95] de-
termined HPB released from lung as well as liver DNA 
from rats treated with NNK (i.p.) in the dose range 0.003 
– to 5 mg/kg/day during 4 days. In the low dose region, 
the amount released was similar for the two tissues and 
characterized by a slope factor of approximately 3 pmol 
HPB/μmol guanine per mg/kg/day of NNK (250 fmol/mg 
DNA). Assuming an intake of 0.12 μg/kg/day of NNK and 
NNN by a smoker consuming 20 cigarettes per day, the 
expected HPB DNA adduct concentration in rat lung and 
liver would be about 0.03 fmol HPB/mg DNA, i.e. more 
than three orders of magnitude below the background lev-
els determined in humans.

COMPARISON OF RODENT CANCER BIOASSAYS 
WITH EPIDEMIOLOGICAL DATA

By comparing the accumulated life time intake of 1.4 mg 
NNK in heavy smokers with the lowest accumulated life-
time dose that induces lung tumors in rats treated for up 
to 100 weeks (1.8 mg/kg; from [89]), Hecht et al. [41] im-
plicated a major role for NNK in the induction of human 
lung cancer. Apart from neglecting target organ species 
differences, the shape of the dose response curve, etc., 
the authors violated basic principles of toxicology when 
equating doses in rodents and humans. If instead the ap-
propriate comparisons are made based on dose per kg 
body weight and day for humans vs. rats, a heavy smoker 
(40 cig/day) will receive an equivalent dose of NNK that is 
about 50 times lower than the lowest dose that was found 
to induce tumors in the rat.
Using the linearized multistage non-threshold model [139] 
based on oral administration to rats, Nilsson [34] obtained 

a maximal carcinogen potency (slope) factor of 0.086 and 
0.029 (mg/kg and day)-1 for NNK and NNN, respectively 
(expressed as annual cancer risk). By applying these fac-
tors the extra yearly cancer incidence (per 100 000 and 
year) for consumption of 20 g daily of Swedish snuff mar-
keted today will be:

NNK = (0.017)10-3mg • 0.086 mg-1 • 100,000 = 0.16 cases
NNN = (0.042)10-3mg • 0.029 mg-1 • 100,000 = 0.12 cases
 0.28 cases

Thus, on the basis of rodent data, an increased incidence 
of less than half a case per 100 000 consumers and year can 
be expected. For Swedish snuff products marketed during 
the decade preceding 1990, similar calculations give an 
expected yearly incidence of 3.1 cases, whereas consump-
tion of snuff produced before 1981 would be expected to 
have resulted in an incidence of 5.6 cases per 100 000 con-
sumer per year. Assuming an average duration for snuff 
consumption of 30 years for the subjects included in the 
Swedish cohorts, and relying on weighted TSNA levels es-
timated for the time before 1991, the expected number of 
additional cancers would be about 140 cases for a 30-year 
period.

RISK REDUCTION IN SMOKERS WHO SWITCH TO 
SNUFF

It has been estimated that there are about 100 million 
smokers in the member states of the European Union 
[140]. The staggering burden imposed on public health 
derives mainly from three groups of smoking related dis-
eases; cancers, cardiovascular disease and chronic obstruc-
tive pulmonary disease. Many smokers, in particular heavy 
smokers, have great problems quitting smoking, and the 
use of alternative nicotine delivering devices, including 
Swedish “snus”, may be of considerable assistance to pro-
mote abstinence, a strategy that is supported by respon-
sible authorities like the US Institute of Medicine [56] as 
well as the Royal College of Physicians in the UK [57]. 
In this context it is noteworthy that the cost of nicotine 
chewing gum, nicotine patch as well as nicotine spray, reg-
istered as pharmaceutical products, are unacceptably high 
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for the majority of citizens in Central and Eastern Europe. 
Low nitrosamine snuff, for which the kinetics of nicotine 
delivery is more similar to that of smoking, offers another 
possibility for nicotine replacement therapy [140]. When 
making an assessment of the gains obtained by switching 
from smoking to oral snuff, data on risk reduction from 
long-term follow-up studies in cohorts of ex-smokers must 
be relied upon. For lung cancer information from a num-
ber of such investigations are available, whereas the data 
base for cardiovascular disease and chronic obstructive 
pulmonary disease is less precise.
Number of annual deaths in 100 million EU smokers. The 
average mortality in lung cancer for Swedish never-smok-
ers from three studies gave an estimate of 6 per 100 000 
individuals per year [68 – see Table 4:5, p. 148]. The widely 
cited evaluation by Sir Richard Doll and Richard Peto 
commissioned by the Office of Technology Assessment of 
the US Congress [67 – see Table 11, p. 1223] reported an 
average increased relative risk for smokers with respect to 
lung cancer of 10. Although both higher and lower esti-
mates have been published for various populations, the US 
estimate can be used as a reasonable benchmark. Thus in 
a population of 100 million smokers, the expected yearly 
mortality for smoking induced lung cancer will be about 
60 000. Doll and Peto ascribes an additional contribution 
of deaths from tobacco induced cancers of the oral cav-
ity, larynx, pharynx, esophagus, pancreas and urinary tract 
that is 30% of the smoking induced lung cancers. Pooled 
data from various European countries found an increasing 
risk of bladder cancer with increasing duration of smoking, 
ranging from approximately a two-fold increased risk for 
a duration of less than 10 years to over a four-fold increased 
risk for a duration of greater than 40 years [141]. Assuming 
a total of 20 additional smoking induced deaths annually 
due to neoplasia at other sites than lung in 100 000 smok-
ers, therefore, represent a reasonable estimate, i.e. corre-
sponding to a total of 20 000 among 100 million smokers.
After cessation of smoking, the risk for lung cancer will 
rapidly decrease, but will approach a level that is approxi-
mately twice the background found in never-smokers, i.e. 
representing about 6000 remaining casualties per million 
[68 – see p. 151]. The marked effect of cessation of expo-

sure can be ascribed to the important role of unspecific 
promotive action as the major determinant of human can-
cer risk from tobacco smoke [142].
Some data exist for the impact of smoking cessation with 
respect to other types of cancers. A study conducted by the 
Mayo Clinic, NY, found a decrease in risk for renal carci-
noma between 20–30%, 10–20 years after cessation, and 
after 30 years or more the risk was similar to that found in 
never smokers [143]. The pan-European assessment cited 
above indicated an immediate decrease in risk of bladder 
cancer was observed for those who gave up smoking. This 
decrease was over 30% in the immediate 1–4 years after 
cessation, and continued to decrease with time, although 
even after 25 years the decrease in risk did not reach the 
level of never-smokers [141]. For pancreatic cancer, a Jap-
anese collaborative study indicated an approximately 50% 
decrease in risk after smoking cessation [144]. For the 
purpose of this evaluation, an overall reduction in cancer 
mortality of 40% will be used to estimate the remaining 
cancer risk after cessation of smoking, implying that about 
12 additional cases of cancers at other sites than lung per 
100 000 smokers and year will still remain after cessation 
of smoking (12 000/108).
Cancers caused by use of Swedish oral snuff. For year 
1979 the Swedish Cancer Committee [68 – see Tables 4:6a, 
4:6b] reported a total of 625 cases for men, and 155 for 
women relative to cancers of the lip, oral cavity, larynx 
and pharynx. Out of these, 500 cases among men and 80 
among women were ascribed to smoking in combination 
with alcohol. In absence of smoking, these figures would 
then correspond to an incidence of 2.9 cases per 100 000 
for men and 1.8 for women. For the purpose of this assess-
ment a background morbidity in non-exposed of 2 cases 
per 100 000 and year is considered to represent a reason-
able estimate.
As mentioned before, in several recent large Swedish case-
control studies covering separate geographic regions, use 
of snuff was not found to be associated with any increased 
risk for cancers in the head neck region. No strict analyses 
of the power of resolution of these studies were published, 
but considering the confidence intervals, pooled data from 
the three studies would have a sufficient power of resolu-
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tion to detect a 50% increase in the background incidence. 
In other words, for a snuff that is estimated to have con-
tained an average of 2.5 μg NNK and 12 μg/g NNN, the 
maximum number of additional cases of cancers in the 
head neck region is about 1 additional case per 100 000 
user of Swedish snuff and year. This incidence could, of 
course, also be lower. The prognosis for oral cancers is 
considerably better than for lung cancers, and a mortal-
ity of 50% will be assumed here based on a Mayo clinic 
material [145].
Chronic obstructive pulmonary disease. Chronic obstruc-
tive pulmonary disease (COPD) causes significantly more 

mortality and morbidity than other causes of airflow limi-
tation in adults [146], but is underdiagnosed and under-
recognised. The World Health Organization (WHO) es-
timates that chronic obstructive pulmonary disease is the 
fourth leading cause of death worldwide, with 2.74 million 
deaths in 2000, and this burden is growing rapidly [147]. In 
a Swedish study up to 50% of elderly smokers had devel-
oped COPD [148]. It has been demonstrated that smokers 
with airflow obstruction benefit greatly from quitting, de-
spite previous heavy smoking [149].
Quantification of the reduction in mortality from COPD 
as a result of cessation of smoking has been hampered by 
lack of large prospective studies. However, in a compre-
hensive prospective study of 19 732 persons carried out 
by the Copenhagen Centre for Prospective Population 
Studies between 1978 and 2000, the yearly age-adjusted 
mortality rate per 100 000 individuals for COPD in never 
smokers was 70 for men and 40 for women [150]. WHO 
has given a somewhat lower over-all age standardized an-
nual death rate from COPD for the whole Danish popula-
tion of 56 for men, and 33 for women [151]. In ex-smokers 
from the Danish study the corresponding values were 100 
for men and 30 for women, and cessation of smoking was 
associated with an over-all adjusted decrease in mortality 
of about 25%. However, due to the low number of deaths, 
these estimates are inexact, and the 25% risk reduction 
did not reach statistical significance. Heavy smoking men 
and women had, on the other hand, a mortality rate of 
220 and 230, respectively, demonstrating a significant el-
evation of mortality in comparison with ex-smokers that 

could indicate up to a 50% reduction in COPD mortality 
by quitting smoking. The latter estimate is supported by 
other evidence. Thus, in a cohort of 19 709 subjects fol-
lowed for 14 years, the hospital admission frequency for 
COPD among heavy smokers was reduced by about half 
after cessation of smoking [152]. Further, a low FEV1 

(forced expiratory volume in 1 second) predicts not only 
an increased rate of decline in FEV1, but also morbidity 
and mortality from COPD [153]. The subsequent rate of 
decline in FEV1 among sustained quitters of smoking was 
found to be half the rate among continuing smokers, and 
comparable to that of never-smokers [149].
For Spain smoking prevalence has been reported to be 
44% in 1993 for men in the age group 45- to 65, a subsec-
tion of the population where COPD is prone to become 
clinically manifest. Smoking was far less common among 
women over the age of 45 years, with only 9% of women 
smoking (although the prevalence in younger ages is con-
siderably higher). The corresponding age standardized an-
nual death rate per 100 000 in COPD as listed by WHO 
was 55 for men, and 14 for women, indicating the strong 
association of COPD with smoking. In Iceland the 1994 
adult (age 15 to 89 years) smoking prevalence was 28% for 
women and 31% for men. This similarity between genders 
in smoking habits is reflected in the corresponding death 
rates for COPD, which was 21 and 29 respectively [151].
Assuming a highly plausible minimum standardized annu-
al death rate for COPD within EU of 30 cases that can be 
attributed to smoking per 100 000 smokers, and a risk re-
duction of 50% from cessation of smoking, changing from 
cigarettes to snuff, would – after a transition period of 
5–10 years – save another 15 000 lives from death caused 
by chronic obstructive pulmonary disease per year in EU 
among 100 million smokers.
Cardiovascular disease (CVD). Active smoking causes 
a moderate increase in risk for cardiovascular disease. 
However, because CVD has a high prevalence in the gen-
eral population, even a modest increase translates into 
a high total impact. In a representative study of relative 
risks with respect to CVD conducted by Pfaffenberger et 
al. [154], hypertension (RR = 2.2; CI: 1.94–2.42) carried 
the highest risk, followed by cigarette smoking (RR = 1.84; 
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CI: 1.64–2.04). This estimate for risk associated with smok-
ing agrees well with the results obtained from a very large 
Swedish cohort study for which the cause-specific mortal-
ity was followed during a 12-year period [49].
In the above mentioned prospective Danish study, the 
age-adjusted mortality rate per 100 000 per year for non-
smoking men and women were 740 and 490 respectively, 
compared to 850 and 380 for ex-smokers, representing 
a non-significant difference. For cigarette smokers (av-
erage of heavy, light smokers, and reducers of smoking) 
the mortality rates were 1177 for men and 600 for women. 
In a follow up-study on 10 956 men and 8467 women, the 
Danish group could subsequently confirm the positive ef-
fects from cessation of smoking, and found that individu-
als who stopped smoking reduced their risk of myocardial 
infarction by 30% [155].
Due to a number of modulating factors, including diet, age-
standardized annual death rates for cardiovascular disease 
(ischemic heart disease and cerebrovascular disease) show 
marked variations between the various EU member states, 
with a low of 154 per 100 000 for men and 84 for women 
in France, and a high of 553 and 325 for Hungarian men 
and women, respectively. It is therefore difficult to give 
an exact estimate for the impact of smoking on CVD that 
would be valid for the whole of EU. A reasonable approxi-
mation can, nevertheless, be made based on the assump-
tion of an average EU CVD mortality rate per 100 000 in 
never-smokers of 200 that is increased to 360 in smokers 
(RR = 1.8). The Danish study cited above indicated a re-
duction of mortality by 30% upon cessation of smoking, 
which would translate into a decrease in the number of 
deaths by around 48 deaths per 100 000, i.e corresponding 
to 48 000 for 100 million smokers.
Bolinder´s group has claimed that smokeless tobacco 
constitutes a risk factor for sudden death in cardiovas-
cular disease [49], a claim that has not been supported 
by other large studies where no association between use 
of snuff and cardiovascular disease has been found [156–
159]. Further, whereas in the WHO Northern Sweden 
MONICA study, the number of cigarettes smoked was 
found to be quantitatively related with higher plasma fi-
brinogen levels, no such relation was found for snuff dip-

pers, nor were several key fibrinolytic variables affected 
in the latter group [160]. Thromboxane A2 is a power-
ful platelet aggregatory and adhesive agent as well as 
a strong vasoconstrictor. In an investigation covering 577 
randomly selected Swedish men aged 18–19 years, out of 
which 7.5% were cigarette smokers and 22% snuff dip-
pers, cigarette smoking – but not the use of snuff – sig-
nificantly promoted the production of thromboxane A2 
[161]. Further, the use of snuff does not decrease the 
plasma levels of antioxidants in a manner similar to ac-
tive smoking [162].
The deleterious effect on the cardiovascular system 
claimed by Bolinder et al. [49] has been ascribed to the ef-
fects of nicotine. This claim is difficult to maintain in view 
of the fact that in users of other nicotine deliver products 
like nicotine gum, patch or nasal spray, no such adverse 
effects have been adequately documented [56 – see pp. 
252–253;163–165], not even in patients with pre-existing 
cardiovascular disease [166–168].
Similarly the claim that snuff constitutes a risk factor for 
type II diabetes [169] remains unsubstantiated [170], and 
the findings of Bolinder et al. [49] can most probably be 
ascribed to residual confounding by failure to adjust for 
geographically skewed life stile factors in the studied co-
hort of construction workers.
In summary, the number of deaths avoided per year in 
a population of 100 million smokers turned to snuff users 
can be calculated as follows:
� Mortality in smoking induced cancers
(lung, oral cavity, pharynx, larynx, 
esophagus, urinary tract, pancreas) ≈         80 000
� Minus mortality that remains after 
cessation of smoking (6000 + 12000) ≈ -18 000
� Minus maximum cancer mortality 
from use of snuff = (0.5 • 2 000 • 0.5) ≈                        -500*

� COPD mortality ≈         15 000
� CVD mortality ≈         48 000

  _________
Total no. of lives saved 123 500

* Considering that the TSNA content has been reduced by a factor of 10 in com-
parison with the historical levels relevant for the Swedish studies, this mortality 
estimate can be expected to be lower.
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Thus, cessation of smoking in favor of snuff usage would 
after a transition period of 5–10 years, save approximately 
124 000 lives from death caused by smoking.

DISCUSSION AND CONCLUSIONS – MARGINS OF 
SAFETY

Carcinogenic nitrosamines remain a justified health con-
cern, where the highest exposures are clearly associated 
with tobacco specific nitrosamines (TSNA). Whereas the 
impact of TSNA in smokers is obscured by the presence of 
other carcinogens and promoters, for smokeless tobacco 
virtually all of the carcinogenic potential is associated 
with NNK and NNN. There is general agreement that the 
level of risk for consumers of smokeless tobacco is largely 
determined by its content of these TSNA. Also, there re-
mains no doubt that exposure to impure products with ex-
tremely high TSNA concentrations, typified by Sudanese 
toombak, snuff produced in North Carolina before World 
War II, as well as oral snuffs mixed with areca nuts from 
South East Asia, are associated with a markedly increased 
risk for cancers in the head-neck region.
Cellular DNA damage that is misrepaired, or not re-
paired, constitutes a necessary, although not sufficient 
prerequisite for induction of cancer. There is ample evi-
dence from the study of a number of methylating agents, 
that the strongly promutagenic DNA adduct O6-mGua 
plays a major role in initiation of cancer. In comparison 
with this adduct, methylation of position 7 in guanine is 
assumed to be less important. Although additional data 
points in the low dose region are required for improved 
resolution, the dose-response relationship with respect to 
the pro-mutagenic adduct O6-mGua appears linear down 
to the lowest tested dose for Clara cells from the rodent 
lung, and this seems also to be the case for induction of 
lung tumors. However, due to the fact that the majority 
of lung tumors begin as proliferative changes of Type II 
cells with subsequent progression to adenomas and carci-
nomas within the hyperplastic area [89], one may well ar-
gue that the dose-response relationship displaying a much 
lower level of adduct formation for this cell type is more 
relevant. The formation of this adduct in rat liver as well 

as tumor induction from repeated exposure to NNK is, on 
the other hand, characterized by a clear dose-threshold 
evidently due to efficient DNA repair, and this seems to 
be true also for the nasal mucosa. For higher doses, an 
adaptive response of the alkyl transferase will undoubted-
ly have an impact in causing supra-linear responses. Nev-
ertheless, when extrapolated to actual uptakes of TSNA 
from snuff, and compared with the “natural” background 
found in rodents as well as in humans, the expected levels 
of pro-mutagenic DNA adducts are insignificant.
When exposure from NNK and NNN is so low, that the 
number of DNA methylations or pyridyloxobutylations 
will not appreciably affect the level of such DNA lesions 
that are normally present in human tissues from individu-
als that have no known exposure to TSNA, this can be 
considered as a “virtually safe” dose threshold, irrespec-
tive of the actual shape of the dose response relationship. 
Based on analyses of various tissues using sufficiently sen-
sitive techniques, the levels of O6-meGua DNA adducts in 
smokers are not significantly elevated above background 
levels. The use of today’s Swedish snuff, where the total 
intake of NNK and NNN (≈ 0.04 μg/kg/day per 20 g snuff) 
is about 10 times lower than from smoking 20 cigarettes 
per day (total intake ≈ 0.4 μg/kg/day), can be expected 
to result in an even lower impact on the existing adduct 
background.
The elevation of 7-guanine levels in smokers seen in some 
small studies indicates an elevated exposure to methylat-
ing agents, but the results are difficult to interpret in view 
of the simultaneous presence of 7-hydroxyethyl guanine 
adducts. In addition, results from cohorts involving a larg-
er number of subjects would seem desirable. Because of 
modulation by genetic factors [171] in combination with 
high and variable backgrounds of methylated adducts 
from unknown sources, the risk for confounding in studies 
involving a small number of samples is substantial. Data 
from rodents predict an insignificant impact from smok-
ing on the level of 7-mGua in humans. However, rates of 
DNA repair vary greatly between tissues, and comparison 
of adduct levels in the rodent liver with, e.g., human white 
blood cells is misleading because of the low repair rate in 
the latter.
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HPB hemoglobin adducts constitute markers of exposure. 
However, although HPB adducts appear to inhibit the 
activity of alkylguanine-DNA-alkyltransferases [172], and 
measurement of urinary metabolites indicate striking dif-
ferences between users of tobacco and non-exposed, the 
measured increase in HPB hemoglobin adducts have been 
modest, and appears to be elevated above background only 
in a subset of individuals [40]. However, although consid-
erably lower, measured concentrations of HPB hemoglo-
bin adducts in humans agree with the levels expected from 
rodent studies within an order of magnitude.
As discussed above, HPB DNA adducts seem to be in-
volved in the induction of tumors of the rodent nasal epi-
thelium and esophagus [108], and it is very likely that these 
bulky adducts could also be important for the induction of 
human cancer. However, pyridyloxobutylations evidently 
induce several types of DNA lesions including phosphate 
alkylations. This implies that only a certain fraction of all 
DNA adducts released as HPB are important in causing 
mutations. The low impact from TSNA in tobacco smoke 
on HPB DNA adducts as predicted by rodent studies seem 
to be substantiated by analysis of human biopsies of lung, 
esophagus and cardia, where the levels of O6-meGua 
DNA adducts in smokers were not significantly elevated 
above the background found in non-smokers. With a low-
er exposure to TSNA in comparison to smoking, intake 
of currently marketed Swedish brands of snuff can be ex-
pected not to increase the background levels of HPB DNA 
adducts. An important observation in virtually all the stud-
ies, where HPB adducts have been determined in humans, 
is the presence of appreciable levels of HPB releasing ad-
ducts in hemoglobin as well as in DNA from non-exposed 
subjects, indicating that sources for HPB adducts other 
than tobacco are important, and where myosmine that 
is present in various food products represents a possible 
candidate [11,45]. Finally, it should be kept in mind, that 
smokers in general tend to consume a less healthier diet 
containing lower levels of chemoprotective agents from 
vegetables than non-smokers [173], a factor that may be 
a source for confounding of the adduct measurements.
The Lewin et al. study [50] – the best conducted of the 
Swedish studies – included approximately 2 million per-

son-years at risk. Relying on the rodent data above, the 
additional cancer incidence for this population would be 
expected to be about 140 cases, i.e. representing a major 
part of all cancer cases in the head-neck region that were 
reported to the central Swedish cancer registry from the 
Stockholm County and the southern healthcare region 
of Sweden during the time period January 1988 through 
January 1991. In reality, no increased risk associated with 
snuff was found (OR = 1.0; CI: 0.7–1.6). With respect to 
the risk for pancreatic cancer, the low incidence of pan-
creatic cancer in the Swedish population does not seem 
to support the findings of Boffetta et al. [55]. However, 
a small cancer risk from Swedish snuff cannot be exclud-
ed, and the lower limit of detection for the pooled Swed-
ish studies can be estimated at half the background yearly 
incidence of about 2 cases per 100 000. Nevertheless, the 
rodent data obviously overestimates real risk. There may 
be several reasons for this discrepancy. In the rat studies 
lung represents the most sensitive target organ for NNK, 
and data from this organ was used in the calculation of 
cancer potency to obtain an upper limit of risk related to 
oral administration [34]. However, the lung is obviously 
not a target organ in human users of snuff. Further, lung 
cancer in non-exposed humans is a relatively rare event, 
and an incidence of lung tumors in non-exposed rats that 
was 7.5% in the Rivenson et al. study [106], indicates that 
in comparison to humans, the rat lung is far more sensitive 
to induction of tumors, and therefore less appropriate for 
the purpose of risk extrapolation to humans. Thus, there 
is, e.g., a lower bioactivation of NNK in human lung com-
pared to rodents [174,175]. For the estimation of a car-
cinogen potency factor for NNN, data relating to the nasal 
cavities were employed [176]. However, bioassay and his-
topathological data indicate that cell proliferation second-
ary to toxicity is required for tumor induction by NNK in 
the rodent nasal epithelium as well as liver, resulting in 
sublinear relationships between dose and tumor incidence 
[89,90,106]. This implies that for this type of rodent tu-
mors the linearized multistage model may overestimate 
cancer risk considerably.
As mentioned above, investigations of the genotoxicity of 
extracts from Swedish snuff have provided support for the 
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presence of antimutagenic compounds [72], and the ex-
periments with induction of tumors in the oral cavity of 
rats [71] likewise indicated the presence of chemoprotec-
tive agents, although the inhibitory effects on α-hydroxyl-
ation by nicotine and cotinine could also be important in 
this rodent study.
Taking into consideration that IARC has classified wood 
dust as a human carcinogen [177], it is perhaps not surpris-
ing that this organization has reached the same conclusion 
with respect to oral snuff (all kinds). However, misinter-
pretation of the significance of the IARC classification 
system has had some unfortunate consequences for EU 
legislation. In line with US regulatory tradition, the author 
of this paper has analyzed the potential risks from TSNA, 
that in contrast to IARC’s approach, is based on estimation 
of the level of risk, and where the mechanism of action has 
also been taken into consideration. The outcome of this 
analysis is that smokers’ exposure to NNK and NNN seems 
to play a minor role compared with other carcinogens and 
promoters present in tobacco smoke. Taking into consid-
eration that the levels of these nitrosamines in the cur-
rently marketed brands of Swedish snuff have decreased 
by a factor of 20, one may further safely assume that use of 
today’s snuff products entail a negligible risk, a conclusion 
that is well supported by rodent studies on induction of the 
main pro-mutagenic DNA adducts as well by data on back-
ground DNA adduct levels in non-exposed humans.
It has been estimated that there are about 100 million 
smokers in the member states of the European Union 
[140]. The burden imposed on public health derives main-
ly from three groups of smoking related diseases; cancers, 
cardiovascular disease and chronic obstructive pulmonary 
disease. It can be demonstrated that for 100 million smok-
ers turned to “snus” users, the number of deaths avoided in 
cancer, chronic obstructive pulmonary and cardiovascular 
diseases will reach about 124 000 annually after a period 
of 5 to 10 years. Nicotine products such as nicotine spray 
or patch are not affordable for large population groups in 
Central and Eastern Europe. Snuff, for which the kinetics 
of nicotine delivery is more similar to that of smoking, and 
that has been successfully used for the purpose of smoking 
cessation, offers an inexpensive alternative. In its recent 

yearly report, the Swedish Government National Agency 
for Public Health concluded [178]:
“Everyone agrees that the health hazards of snus are 
minor compared with those of smoking. During 2005, a 
number of Swedish studies have been published showing 
that snus does not increase the risks of myocardial in-
farction morbidity”. “By using panel data from Statistics 
Sweden’s Living Conditions Surveys, in which the same 
people were interviewed in 1988–89 and 1996–97, we have 
demonstrated that for every person who progressed from 
snus to smoking, there were some four who switched from 
smoking to snus. Evidently, many people have used snus 
as a means to give up smoking. The risk that young adults 
(aged 16–44 years) will progress from snus to smoking is 
also far smaller than the risk that a non-smoker will take 
up smoking.”
Considering that cigarettes, cigars, pipe tobacco, nasal 
snuff and chewing tobacco are freely marketed, the ban 
on low-nitrosamine oral snuff in all countries of the Eu-
ropean Union except Sweden can be defended neither on 
medical nor ethical grounds.

REFERENCES

1.  Magee PN, editor. Nitrosamines and Human Cancer. Banbury Re-

port No. 12. Cold Spring Harbor (NY): Cold Spring Harbor Labora-

tory, 1982.

2.  O’Neill JK, Chen J, Bartsch H, editors. Relevance to Human Cancer 

of N-Nitroso Compounds, Tobacco Smoke and Mycotoxins. IARC Sci 

Publ No. 105. Lyon: World Health Organization; 1991.

3.  Yi Z, Ohshima H, Bouvier G, Roy P, Zhong J, Li B, et al. Urinary 

excretion of nitrosamino acids and nitrate by inhabitants of high- and 

low-risk areas for nasopharyngeal carcinoma in southern China. Can-

cer Epidemiol Biomarkers Prev 1993;2:195–200.

4.  Fishbein L. Cooking, heating and air treatment pollutants in indoor 

environments. In: Seifert B, Van de Weil HJ,Dodet B, O’Neill IK, 

editors. Environmental Carcinogens; Methods of Analysis and Expo-

sure Measurements. Vol. 12 Indoor Air. IARC Sci. Publ No. 109. Lyon: 

International Agency for Research on Cancer; 1993. p. 35.

5.  Nilsson R. Environmental tobacco smoke revisited: the reliability of the 

data used for risk assessment. Risk Analysis 2001;21(4):737–60.

6.  Fong LYY. Possible relationship of nitrosamines in the diet to causa-

tion of cancer in Hong Kong. In: Magee PN, editor. Nitrosamines and 



IJOMEH 2006;19(1) 29

CANCER INITIATION BY TOBACCO SPECIFIC NITROSAMINE    R E V I E W  P A P E R S

Human Cancer. Banbury Report No. 12. Cold Spring Harbor (NY): 

Cold Spring Harbor Laboratory, 1982. p. 473–85.

7.  Yu MC, Ho JHC, Lai S-H, Henderson BE. Cantonese-style salted 

fish as a cause of nasopharyngeal carcinoma: report of a case-control 

study in Hong-Kong. Cancer Res 1986;46:956–61.

8.  Zwickenpflug W Meger M Richter E. Occurrence of the tobacco al-

kaloid myosmine in nuts and nut products of Arachus hypogaea and 

Corylus avellana. J Agric Food Chem 1998; 6:2703–6.

9.  Tyroller S Zwickenpflug W Richter E. New sources of dietary myo-

smine uptake from cereals, fruits, vegetables and milk. J Agric Food 

Chem 2002;50:4909–15.

10.  Richter E, Schlöbe D, Hölzle D, Wilp J. Comparative DNA and 

hemoglobin adduct formation by dietary myosmine and N’-nitro-

sonornicotine in rats. Naunyn Schmiedebergs Arch Pharmacol 

2002;365(Suppl 1):1–291.

11.  Wilp J Zwickenpflug W Richter E Nitrosation of dietary myosmine as 

risk factor of human cancer. Food Chem Toxicol 2002;40:1223–8.

12.  IARC Monographs on the Evaluation of the Carcinogenic Risks 

to Humans. Tobacco Habits Other Than Smoking: Betel-Quid, and 

Areca Nut Chewing and Some Related Nitrosamines. Vol. 37. Lyon: 

World Health Organization; 1985.

13.  Smith LE, Denissenko MF, Bennett WP, Li H, Amin S, Tang M, et 

al. Targeting of lung cancer mutational hotspots by polycyclic aromatic 

hydrocarbons. J Natl Cancer Inst 2000;92(10):803–11.

14.  Pfeifer GP, Denissenko MF, Olivier M, Tretyakova N, Hecht 

SS, Hainaut P. Tobacco smoke carcinogens, DNA damage 

and p53 mutations in smoking-associated cancers. Oncogene 

2002;21(48):7435–51.

15.  Pfeifer GP, Hainaut P. On the origin of G --> T transversions in lung 

cancer. Mutat Res 2003;526(1–2):39–43.

16.  Rosenquist K, Wennerberg J, Schildt EB, Bladström A, Hansson 

BG, Andersson G. Use of Swedish moist snuff, smoking and alcohol 

consumption in the aetiology of oral and oropharyngeal squamous cell 

carcinoma. A population-based case-control study in southern Swe-

den. Acta Otolaryngol 2005;125(9):991–8.

17.  Office of Smoking and Health. US Department of Health and Hu-

man Services. Use of smokeless tobacco among adults; United States 

1991. Morb Mortal Wkly Rep 1993;42:263–6.

18.  Idris AM, Nair J, Oshima H, Friesen M, Brouet I, Faustman EM, et 

al. Unusually high levels of carcinogenic nitrosamines in Sudan snuff 

(toombak). Carcinogenesis 1991;12:1115–1118.

19.  Österdahl BG, Slorach SA. N-Nitrosamines in snuff and chew-

ing tobacco on the Swedish market in 1983. Food Addit Contam 

1984;1:299–305.

20.  Österdahl BG. Tobacco specific nitrosamines in snuff and chewing to-

bacco, 1983–1992. Analyses conducted by the National Swedish Food 

Agency, “Health Risks Associates with Snuf”. Stockholm: Swedish 

Agency for Health and Welfare; 1996.

21.  Swedish Government Food Administration, Jansson C, Österdahl 

BG. Low levels of nitrosamines in snuff on the Swedish market. Up-

psala: Official Information Leaflet; 2004 [in Swedish].

22.  Jayant K. Balakrishnan V, Sanghvi LD, Jussawalla DJ. Quantifica-

tion of the role of smoking and tobacco chewing in oral, pharyngeal, 

and esophageal cancers. Brit J Cancer 1977;35:232–5

23.  IARC Monographs on the Evaluation of the Carcinogenic Risks to 

Humans. IARC Press release. No. 154. On New Monograph Cover-

ing Smokeless Tobacco. Vol. 89. Lyon: World Health Organization; 

2005 [in press].

24.  Hoffmann D, Adams JD, Brunnemann KD, Hecht SS. Formation, 

occurrence, and carcinogenicity of N-nitrosamines in tobacco prod-

ucts. ACS. Am Chem Soc 1981;174:247–73.

25.  Adams JD, Owens-Tucciarone P, Hoffmann D. Tobacco specific 

N-nitrosamines in dry snuff. Fd Chem Toxicol 1987;25:245–6.

26.  Hoffmann D, Djordjevic MV, Brunnemann KD. New brands of oral 

snuff. Fd Chem Toxicol 1991;29;65–8.

27.  Hoffmann D, Djordjevic MV, Fan J, Zang E, Glynn T, Connolly GN. 

Five leading U.S. commercial brands of moist snuff in 1994: assess ment 

of carcinogenic N-nitrosamines. J Natl Cancer Inst 1995;87:1862–9.

28.  Brunnemann KD, Hoffmann D. Analytical studies on N-nitro-

samines in tobacco and tobacco smoke. Recent Adv Tobacco Sci 

1991;17:71–112.

29.  D’Andres S Boudoux R Renaud JM, Zuber J. TSNA levels in the 

main stream smoke of simplified blend prototypes. Beitr Tabaksforsch 

Int 2003;20(5):331–40.

30.  Brunnemann KD, Scott, JC, Hoffmann D. N-Nitrosomorpholine 

and other volatile N-Nitrosamines in snuff tobacco. Carcinogenesis 

1982;3:693–6.

31.  Hoffmann D, Melikian AA, Wynder EL. Scientific challenges in en-

vironmental carcinogenesis. Prev Med 1996;25:14–22.

32.  Österdahl BG, Slorach SA. Volatile N-nitrosamines in snuff 

and chewing tobacco on the Swedish market. Fd Chem Toxicol 

1983;21:759–62.

33.  Hoffmann D, Djordjevic MV. Chemical composition and carcino-

gencity of smokeless tobacco. Adv Dent Res 1997;11:322–9.

34.  Nilsson R. A qualitative and quantitative risk assessment of snuff dip-

ping. Regul Toxicol Pharmacol 1998;28:1–16.

35.  Hoffmann D, Harley NH, Fisenne I, Adams JD, Brunnemann. Car-

cinogemnic agents in snuff. J Natl Cancer Inst 1986;76:435–7.



IJOMEH 2006;19(1)30

R E V I E W  P A P E R S     R. NILSSON  

36.  Larsson BK, Sahlberg GP, Eriksson AT, Busk LÅ. Polyc clic aromatic 

hydrocarbons in grilled food. J Agric Food Chem 1983;31:867–73.

37.  Rothman N, Poirier MC, Baser ME, Hansen JA, Gentile C, Bow-

man ED, Strickland PT. The formation of polycyclic aromatic hydro-

carbon-DNA adducts in peripheral white blood cells during consump-

tion of charcoal-broiled beef. Carcinogenesis 1990;11:1241–3.

38.  Rothman N, Correa-Villasenor A, Ford DP, Poirier MC, Haas R, 

Hansen JA, et al. Contribution of occupation and diet to whole white 

cell polycyclic aromatic hydrocarbon-DNA adducts in wildland fire-

fighters. Cancer Epidemiol Biomarkers Prev 1993;2:341–7.

39.  Samuelsson C. Medical consequences of polonium in snuff. Läkartid-

ningen. J Swedish Med Assoc 1989;86:2290–1 [in Swedish].

40.  Hecht SS. Recent studies on the mechanism of bioactivation and 

detoxification of 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone 

(NNK) a tobacco-specific lung carcinogen. Crit Revs Toxicol 

1996;26:163–81.

41.  Hecht SS, Carmella SG, Foiles PG, Murphy SE. Biomarkers for 

human uptake and metabolic activation of tobacco-specific nitrosa-

mines. Cancer Res 1994;54(7 Suppl):1912–7.

42.  Kutzer C Richter E Oehlmann C Atawodi SE. Effect of nicotine 

and cotinine on NNK in rats. In: Clarke PBS, Quik M, Adlkofer F, 

Thurau K, editors. Effects of Nicotine on Biological Systems II. Basel, 

Boston, Berlin; Birkhäuser Verlag; 1995. p. 385–90.

43.  Meger M, Richter E, Zwickenpflug W, Oehlmann C, Hargaden 

MB, A-Rahim YI, et al. Metabolism and disposition of 4-(methylni-

trosamino)-1-(3-pyridyl)-1-butanone (NNK) in rhesus monkeys. Drug 

Metab Dispos 1999;27:471–8.

44.  Castonguay A, Stoner GD, Schut HA, Hecht SS. Metabolism of to-

bacco-specific N-nitrosamines by cultured human tissues. Proc Natl 

Acad Sci USA 1983;80(21):6694– 7.

45.  Richter E, Tricker AR. Effect of nicotine, cotinine and phenethyl 

isothiocyanate on 4-(me thylnitrosamino)-1-(3-pyridyl)-1-buta-

none (NNK) metabolism in the Syrian golden hamster. Toxicology 

2002;179:95–103.

46.  Hecht SS, Lin D, Chen CB. Comprehensive analysis of urinary me-

tabolites of N’-nitrosonornicotine. Carcinogenesis 1981;2:833–8.

47.  Winn DM, Blot WJ, Shy CM, Pickle L W, Toledo A, Fraumeni JF. 

Snuff dipping and oral cancer among women in the southern United 

States. New Engl J Med 1981;304:745–9.

48.  Idris AM, Prokopczyk B, Hoffmann D. Toombak: a major risk factor 

for cancer of the oral cavity in Sudan. Prev Med 1994;23:832–9.

49.  Bolinder G, Alfredsson L, Englund A, de Faire U. Smokeless toba co 

use and increased cardiovascular mortality among Swedish construc-

tion workers. Am J Publ Health 1994;84:399–404. 

50.  Lewin F, Norell SE, Johansson H, Gustavsson P, Wennerberg J, 
Björklund A, et al. Smoking tobacco, oral snuff, and alcohol in the 

etiology of squamous cell carcinoma of the head and neck. A popula-

tion based case-referent study in Sweden. Cancer 1998;82:1367–75.
51.  Schildt E-B, Erikssson M, Hardell L, Magnusson A. Oral snuff, 

smoking habits, and alcohol consumption in relation to oral cancer in 

a Swedish case-control study. Int J Cancer 1998;77:341–6.
52.  International Agency for Research on Cancer. Cancer Incidence in 

Five Continents. Vol. 6. IARC Sci Publ No. 120. Lyon: World Health 
Organization; 1992.

53.  Accortt NA, Waterbor JW, Beall C, Howard G. Cancer incidence 

among a cohort of smokeless tobacco users (United States). Cancer 
Causes Control 2005;16(9):1107–15.

54.  Directive 2001/37/EC of the European Parliament and the Council 
of 5 June 2001 on the approximation of the laws, regulations and ad-
ministrative provisions of the Member States concerning the manufac-
ture, presentation and the sale of tobacco products. Off J Eur Com L 

2001;194/27.

55.  Bofetta P, Aagnes B, Weiderpass E, Andersen A. Smokeless tobacco 

use and risk of cancer of the pancreas and other organs. Int J Cancer 
1995;114:992–5. [Comments by: Nilsson R. Possible carcinogenic-

ity of smokeless tobacco. Rutqvist LE, Lewin F. Flawed methods. 
Ramström L. Smokeless tobacco use and risk of cancer of the pan-

creas and other organs by Boffetta et al. Rodu B, Cole P. A deficient 

study of smokeless tobacco use and cancer. Response by Boffetta et 
al. Int J Cancer Oct. 4 [Epub ahead of print].

56.   Stratton K, Shetty P, Wallace R, Bondurant S, editors. Clearing the 
Smoke. Committee to Assess the Science Base for Tobacco Harm Re-

ductio. Board of Health Promotion and Disease Prevention. Institute of 

Medicine. Washington (DC): National Academy Press; 2001. p. 301.

57.  Royal College of Physicians of London. Protecting smokers, saving 

lives. A report from the Tobacco Advisory Group. London: Royal 
College of Physicians; 2002.

58.  Boyle P, Gray N. The future of the nicotine-addiction market. Lancet 
2003;362:845–6.

59.  Vainio H, Weiderpass E. Smokeless tobacco: harm reduction or nico-

tine overload? Eur J Cancer Prev 2003;12(2):89–92.
60.  Andersson, G, Axéll, T. The clinical appearance of lesions associated 

with the use of loose and portion-bag packed Swedish moist snuff: 

a comparative study. J Oral Pathol Med 1989;18;2–7.
61.  Axéll T. Oral mucosal changes related to smokeless tobacco usage: 

Research findings in Scandinavia. Oral Oncol. Europ J Cancer 
1993;29B,299–302.

62.  Vigneswaran N, Dent M, Tilashalski K, Rodu B, Cole P. Tobacco use 

and cancer; A reappraisal. Oral Surg Med Pathol 1995;80:178–82.



IJOMEH 2006;19(1) 31

CANCER INITIATION BY TOBACCO SPECIFIC NITROSAMINE    R E V I E W  P A P E R S

63.  Waldron CA, Schaffer G. Leukoplakia revisited: a clinico-pathologic 

study of 3256 oral leukoplakias. Cancer 1975;36:1386–92.
64.  Axéll T, Mörnstad H, Sundström B. The relation of the clinical pic-

ture to the histopathology of snuff dipper´s lesion in a Swedish popula-

tion. J Oral Pathol 1976;5:229–36.
65.  Smith JF. Snuff dipper´s lesions: a ten-year follow-up. Arch Otolar-

yngol 1975;101:276–7.
66.  Larsson Å, Axell T, Andersson G. Reversibility of snuff dippers’ lesion 

in Swedish moist snuff users: a clinical and histologic follow-up study. 
J Oral Pathol Med 1991;20(6):258–64.

67.  Doll R, Peto R. The Causes of Cancer: Quantitative Estimates of 

Avoidable Risks of Cancer in the United States Today. J Natl Cancer 
Inst 1981;66:1193–308.

68.  Swedish Cancer Committee. Cancer – Causes and Prevention, Report 

to the Ministry of Social Affairs from the Cancer Committee. London: 
Taylor and Francis; 1992.

69.  World Cancer Research Fund. Food, Nutrition and the Prevention of 

Cancer: a Global Perspective. Washington (DC): American Institute 
for Cancer Research; 1997.

70.  Trichopoulou A, Lagiou P, Kuper H, Trichopoulos D. Cancer and 

Mediterranean dietary traditions. Cancer Epidemiol Biomarkers Prev 
2000;9(9):869–73.

71.  Hecht SS, Rivenson A, Braley J, DiBello J, Adamas JD, Hoffmann 
D. Induction of oral cavity tumors in F344 rats by tobacco-specific 

nitro samines and snuff. Cancer Res 1986;46:4162–6.
72.  Romert L, Jansson T, Curvall M, Jenssen D. Screening for agents 

inhibiting the mutagenicity of extracts and constituents of tobacco 

products. Mutat Res 1994;322(2):97–110
73.  Hecht SS. Inhibition of carcinogenesis by isothiocyanates. Drug 

Metab Rev 2000;32(3–4):395–411.
74.  Boysen G, Kenney PM, Upadhyaya P, Wang M, Hecht SS. Ef-

fects of benzyl isothiocyanate and 2-phenethyl isothiocyanate on 

benzo[a]pyrene and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone 

metabolism in F-344 rats. Carcinogenesis 2003;24(3):517–25.
75.  Hecht SS, Chung FL, Richie JP Jr, Akerkar SA, Borukhova A, 

Skowronski L, et al. Effects of watercress consumption on metabolism 

of a tobacco-specific lung carcinogen in smokers. Cancer Epidemiol 
Biomarkers Prev 1995;4(8):877–84.

76.  Nilsson R, Natarajan AT, Hartwig A, Dulout F, De la Rosa ME, 
Vahter M. Clastogenic effects and influence of inorganic arsenic on 

DNA-repair in mammalian systems. In: Sarkar B, editor. Metals and 

Genetics. Kluwer Academic/Plenum Publishers; 1999. pp. 21–40.
77.  Littlefield NA, Farmer JH, Gaylor DW, Sheldon WG. Effects of 

dose and time in a long-term, low- dose carcinogenic study. J Environ 
Pathol Toxicol 1979;3:17–34.

78.  von Bahr B., Ehrenberg L., Scalia-Tomba GP, Säfwenberg JO. In-

vestigation of various dose-response models. Report to the Swedish 

Cancer Committee. Ministry of Social Affairs Ds S 1984:5, Suppl. 

9 [in Swedish].

79.  Oesch F, Herrero ME, Hengstler JG, Lohmann M, Arand M. 

Metabolic detoxification: implications for thresholds. Toxicol Pathol 

2000;28(3):382–7.

80.  Haglund J, Henderson AP, Golding BT, Törnqvist M. Evidence for 

phosphate adducts in DNA from mice treated with 4-(N-Methyl-N-

nitrosamino)-1-(3-pyridyl)-1-butanone (NNK). Chem Res Toxicol 

2002;15(6):773–9.

81.  Belinsky SA, White CM, Boucheron JA, Richardson FC, Swenberg 

JA, Anderson MW. Accumulation and persistence of DNA adducts 

in respiratory tissue of rats following multiple administrations of the 

tobacco specific carcinogen 4-(methylnitrosamino)-1-(3-pyridyl)-1-

butanone. Cancer Res 1986;46:1280–4.

82.  Tan HB, Swann PF, Chance EM. Kinetic analysis of the coding prop-

erties of O6-methylguanine in DNA-the crucial role of the conforma-

tion of phosphodiester bond. Biochemistry 1994;33:5335–46.

83.  Pletsa V, Troungos C, Souliotis VL Kyrtopoulos SA. Comparative 

study of mutagenesis by O6-methylguanine in the human Ha-ras onco-

gene in E. coli and in vitro. Nucleic Acids Res 1994;22:3846–53.

84.  Jansen JG, de Groot AJ, van Teijlingen CM, Tates AD, Vriel-

ing H, van Zeeland AA. Induction of hprt gene mutations in splenic 

T-lymphocytes from the rat exposed in vivo to DNA methylating agents 

is correlated with formation of O6-methylguanine in bone marrow and 

not in the spleen. Carcinogenesis 1996;17(10):2183–91.

85.  Belinsky SA, Devereux TR, Maronpot RR, Stoner GD Anderson 

MW. Relationship between the formation of promutagenic adducts 

and the activation of the K-ras protooncogene in lung tumors from A/J 

mouse lung treated with nitrosamines. Cancer Res 1989; 49:5305–11.

86.  Ronai ZA, Gradia S, Peterson LA, Hecht SS. G to A transitions and 

G to T transversions in codon 12 of the Ki-ras oncogene isolated from 

mouse lung tumors induced by 4-(methylnitrosoamino)-(3-pyridyl)-1-

butanone (NNK) and related DNA methylating and pyridyloxobutylat-

ing agents. Carcinogenesis 1993;14:2419–22.

87.  Sturla SJ, Scott J, Lao Y, Hecht SS, Villalta PW. Mass spectromet-

ric analysis of relative levels of pyridyloxobutylation adducts formed in 

the reaction of DNA with a chemically activated form of the tobacco-

specific carcinogen 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone. 

Chem Res Toxicol 2005;18(6):1048–55.

88.  Belinsky SA, White CM, Boucheron JA, Richardson FC, Swenberg 

JA, Anderson MW. Accumulation and persistence of DNA adductsin 

respiratory tissue of rats following multiple administrations of the to-



IJOMEH 2006;19(1)32

R E V I E W  P A P E R S     R. NILSSON  

bacco specific carcinogen 4-(methylnitrosamino)-1-(3-pyridyl)-1-bu-

tanone. CancerRes 1986;46:1280–4.
89.  Belinsky S, Fole, JF, White CM, Anderson MW, Maronpot RR. 

Dose-response relationship between the formation of O6-methylgua-

nine in Clara cells and induc tion of pulmonary neoplasia in the rat 

by 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone. Cancer Res 
1990;50:3772–80.

90.  Belinsky SA, Walker VE, Maronpot RR, Swenberg JA, Anderson 
MW. Molecular dosimetry of DNA adduct formation and cell toxicity 

in rat nasal mucosa following exposure to 4-(methylnitrosamino)-1-

(3-pyridyl)-1-butanone and their relationship to induction of neopla-

sia. Cancer Res 1987; 47:6058–65.
91.  Swenberg JA, Bedell MA, Billings KC, Umbenhauer DR, Pegg 

AE. Cell specific differences in O6-alkylguanine DNA repair activity 

during continuous carcinogen exposure. Proc Natl Acad Sci USA 
1982;79:5499–502.

92.  Zak P, Kleibl K, Laval F. Repair of O6-methylguanine and O4-me-

thylthymine by the human and rat O6-methylguanine-DNA methyl-

transferases. J Biol Chem 1994;269(1):730–3.
93.  Pegg AE, Hui G. Removal of methylated purines from rat liver 

DNA after administration of dimethylnitrosamine. Cancer Res 
197838(7):2011–7.

94.  Belinsky SA, Dolan ME, White CM, Maronpot RR, Pegg AE, 
Anderson MW. Cell specific differences in O6-methylguaine-DNA 

methyltransferase activity and removal of O6-methylguanine in rat 

pulmonary cells. Carcinogenesis 1988;9:2053–8.
95.  Murphy SE, Palomino A, Hecht SS, Hoffmann D. Dose-response 

study of DNA and hemoglobin adduct formation by 4-(methyl-

nitrosamino)-1-(3-pyridyl)-1-butanone in F334 rats. Cancer Res 
1990;50:5446–52.

96.  Peterson LA, Hecht SS. O
6
-Methylguanine is a critical determinant 

of 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone tumorigenesis in 

A/J mouse lung. Cancer Res 1991;51:5557–64.
97.  Zhao C, Tyndyk M, Eide I, Hemminki K. Endogenous and back-

ground DNA adducts by methylating and 2-hydroxyethylating agents. 
Mutat Res 1999;424(1–2):117–25.

98.  Takeshita M, Eisenberg W. Mechanism of mutation on DNA tem-

plates containing synthetic abasic sites: study with a double strand 

vector. Nucleic Acids Res 1994;22:1897–902.
99.  Elder RH, Jansen JG, Weeks RJ, Willington MA, Deans B, Wat-

son AJ, et al. Alkylpurine-DNA-N-glycosylase knockout mice show 

increased susceptibility to induction of mutations by methyl methane-

sulfonate. Mol Cell Biol 1998;18(10):5828–5837.
100.  Calleja F, Jansen JG, Vrieling H, Laval F, van Zeeland AA. Modu-

lation of the toxic and mutagenic effects induced by methyl methane-

sulfonate in Chinese hamster ovary cells by overexpression of the rat 

N-alkylpurine-DNA glycosylase. Mutat Res 1999;425:185–94.
101.  Kaina B, Heindorff K, Aurich O. O6-methylguanine, but not 

7-methylguanine or N3-methyladenine, induces gene mutations, sis-

ter-chromatid exchanges and chromosomal aberrations in Chinese 

hamster cells. Mutat Res 1983;108(1–3):279–92.
102.  Saffhill R, Margison GP, O’Connor PJ. Mechanisms of carci-

nogenesis induced by alkylating agents. Biochim Biophys Acta 
1985;823:111–45.

103.  Wood R D. DNA repair in eukaryotes. Ann Rev Biochem. 
1996;65:135–67

104.  Liu L, Castonguay A, Gerson SL. Lack of correlation between DNA 

methylation and hepatocarcinogenesis in rats and hamsters treated 

with 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone. Carcinogen-
esis 1992;13(11):2137–40.

105.  Vogel E, Natarajan AT. The relation between reaction kinetics and 

mutagenic action of monofunctional alkylating agents in higher eu-

karyoteic systems – Interspecies comparison. In: e Serres F, Holland-
er A, editors. Chemical Mutagens, Principles and Methods of Their 

Detection. Vol. 7. New York: Plenum Press; 1982. p. 295–336.
106.  Rivenson A, Hoffmann D, Prokopczyk B, Amin S, Hecht SS. 

Induction of lung and exocrine pancreas tumors in F344 rats by 

tobacco specific and areca-derived N-nitrosamines. Cancer Res 
1988;48:6912–17.

107.  Hecht SS, Villalta PW, Sturla SJ, Cheng G, Yu N, Upadhyaya P, 
et al. Identification of O2-substituted pyrimidine adducts formed in 

reactions of 4-(acetoxymethylnitros-amino)-1-(3-pyridyl)-1-butanone 

and 4-(acetoxymethylnitros- amino)-1-(3-pyridyl)-1-butanol with 

DNA. Chem Res Toxicol 2004;17(5):588–97.
108.  Trushin N, Rivenson A, Hecht SS. Evidence supporting the role of 

DNA pyridyloxobutylation in rat nasal carcinogenesis by tobacco-spe-

cific nitrosamines. Cancer Res 1994;54:1205–11.
109.  Hecht SS. Tobacco smoke carcinogens and lung cancer. J Natl Can-

cer Inst 1999;91(14):1194–210.
110.  Carmella SG, Akerkar S, Hecht SS. Metabolites of the tobacco-spe-

cific nitrosamine 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone in 

smokers’ urine. Cancer Res 1993;53(4):721–4.
111.  Kresty LA, Carmella SG, Borukhova A, Akerkar SA, Gopalakrish-

nan R, Harris RE, et al. Metabolites of a tobacco-specific nitrosa-

mine, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK), in 

the urine of smokeless tobacco users:relationship between urinary 

biomarkers and oral leukoplakia. Cancer Epidemiol Biomarkers 
Prev 1996;5(7):521–5.

112.  Harris, JE. Incomplete compensation does not imply reduced harm: 

Yields of 40 smoke toxicants per mg nicotine in regular filter versus 



IJOMEH 2006;19(1) 33

CANCER INITIATION BY TOBACCO SPECIFIC NITROSAMINE    R E V I E W  P A P E R S

low-tar cigarettes in the 1999 Massachusetts benchmark study. Nico-
tine Tob Res 2004;6(5):797–807.

113.  Hewett CF. Nitrosamine levels in German brands. Rep. No. RD. 
2094. Restricted. 5.10.1987. British American Tobacco Co. Tobac-
co documents online. Tobaccodocuments.org.

114.  Andersson G, Björnberg G, Curvall M. Oral mucosal change and 

nicotine disposition in users of Swedish smokeless tobacco products: 

a comparative study. J Oral Pathol Med 1994;23:161–7.
115.  Davidson IWF, Parker JC, Beliles RP. Biological basis for extrapolation 

across mammalian species. Regul Toxicol Pharmacol 1986;6:211–37.

116.  Segerbäck D, Osterman-Golkar S, Molholt B, Nilsson R. In vivo 

tissue dosimetry as a basis for cross-species extrapolation in cancer 

risk assessment of propylene oxide. Regulatory Toxicol Pharmacol 
1994;20:1–14.

117.  Couch R, Ehrenberg L, Magnusson AL, Nilsson R, de la Rosa 
ME, Törnqvist M. In vivo dosimetry of ethylene oxide and propylene 

oxide in the Cynomolgus monkey. Mutat. Res 1986;357;17–23.
118.  Hecht SS, Carmella SG, Trushin N, Foiles-Lin D, Rubin JM, 

Chung FL. Investigations on the molecular dosimetry of tobacco 

specific nitrosamines. IARC Sci Pub No. 84. Lyon: International 
Agency for Research on Cancer; 1987. p. 423–9.

119.  EUROGAST. The EUROGAST Study Group O6-Methylguanine in 

blood leucocyte DNA: an association with the geographic prevalence 

of gastric cancer and with low levels of serum pepsinogen A, a marker 

of severe chronic atrophic gastritis. Carcinogenesis 1994;15:1815–20.
120.  Foiles PG, Miglietta LM, Akerkar SA, Everson RB, Hecht SS. 

Detection of O6-methyldeoxyguanosine in human placental DNA. 
Cancer Res 1988;48(15):4184–8.

121.  Kang H, Konishi C, Kuroki T, Huh N. Detection of O6-methylgua-

nine, O4-methylthymine and O4-ethylthymine in human liver and pe-

ripheral blood leukocyte DNA. Carcinogenesis 1995;16(6):1277–80.
122.  Haque K, Cooper DP, van Delft J H, Lee S M, Povey AC. Accurate 

and sensitive quantitation of 7-methyldeoxyguanosine-3’-monophos-

phate by 32P-postlabeling and storage-phosphor imaging. Chem Res 
Toxicol 1997; 10:660–6.

123.  Povey AC, Hall CN, Badawi AF, Cooper DP, O’Connor PJ. El-

evated levels of the pro-carcinogenic adduct, O(6)-methylguanine, in 

normal DNA from the cancer prone regions of the large bowel. Gut 
2000;47(3):362–5.

124.   Georgiadis P, Samoli E, Kaila S, Katsouyanni K, Kyrtopoulos SA. 

Ubiquitous presence of O6-methylguanine in human peripheral and 
cord blood DNA. Cancer Epidemiol Biomarkers Prev 2000;9:299–305.

125.  Mustonen R, Hemminki K. 7-Methylguanine levels in DNA of 

smokers’ and non-smokers’ total white blood cells, granulocytes and 

lymphocytes. Carcinogenesis 1992;13(11):1951–55.

126.  Mustonen R, Schoket B, Hemminki K. Smoking-related DNA ad-

ducts: 32P-postlabeling analysis of 7-methylguanine in human bron-

chial and lymphocyte DNA. Carcinogenesis 1993;14(1):151–4.

127.  Szyfter K, Hemminki K, Szyfter W, Szmeja Z, Banaszewski J, Pa-

biszczak M. Tobacco smoke-associated 7-alkylguanine in DNA of 

larynx tissue and leucocytes. Carcinogenesis 1996;17(3):501–6.

128.  Bolt HM. Quantification of endogenous carcinogens. The ethylene 

oxide paradox. Biochem Pharmacol 1996;52(1):1–5.

129.  Blömeke B, Greenblatt MJ, Doan VD, Bowman ED, Murphy SE, 

Chen CC, et al. Distribution of 7-alkyl-2’-deoxu guanosine adduct 

levels in human lung. Carcinogenesis 1996;17:741–8.

130.  Hecht SS, Kagan SS, Kagan M, Carmella SG. Quantification of 

4-hydroxy-1-(3-pyridyl)-1-butanone released from human haemo-

globin as a dosimeter for exposure to tobacco-specific nitrosamines. 

In: O´Neill IK, Chen J, Bartsch H, editors. Relevance to Human 

Cancer of N-Nitroso Compounds, Tobacco Smoke and Mycotoxins. 

IARC Sci. Publ 1991;105:113–8.

131.  Brunnemann KD, Qi J, Hoffmann D. Aging of oral moist snuff and 

the yields of tobacco-specific N-nitrosamines (TSNA): Progress re-

port. Valhalla (NY): American Health Foundation; 2001.

132.  Falter B, Kutzer C, Richter E. Biomonotoring of hemoglobin ad-

ducts: aromatic amines and tobacco specific nitrosamines. Clin Invest 

1994;72:364–71.

133.  Richter E, Zwickenpflug W, Wilp J, Hölzle D, Schlöbe D, Ty-

roller S, et al. DNA adducts in human esophageal mucosa: The role 

of tobacco-specific nitrosamines and dietary myosmine. 2006 [manu-

script in press].

134.  Atawodi SE, Lea S, Nyberg F, Mukeria A, Constantinescu V, 

Ahrens W, et al. 4-Hydroxy-1-(3-pyridyl)-1- butanone-hemoglobin 

adducts as biomarkers of exposure to tobacco smoke: validation of 

a method to be used in multicenter studies. Cancer Epidemiol Bio-

markers Prev 1998;7(9):817–21.

135.  Foiles PG, Akerkar SA, Carmella SG, Kagan M, Stoner GD, Re-

sau JH,et al. Mass spectrometric analysis of tobacco-specific nitrosa-

mine-DNA adducts in smokers and nonsmokers. Chem Res Toxicol 

1991;4(3):364–8.

136.  Schlöbe D, Höltzle D, Richter E, Ostermeier-Hatz D, von Mey-

er L, Lindner M, et al. Determination of tobacco-specific nitrosa-

mine DNA adducts in human tissues. Proc Am Ass Cancer Res 

2002;43:346.

137.  Hölzle D, Schlöbe D, Richter E, Ostermeier-Hatz D, von Meyer L, 

Tricker AR. 4-Hydroxy-1- (3-pyridyl)-1-butanone (HPB) releasing 

DNA adducts in lung, esophagus and cardia of sudden death victims. 

2nd ed. Proc Am Ass Cancer Res 2003;44:1281–2.



IJOMEH 2006;19(1)34

R E V I E W  P A P E R S     R. NILSSON  

138.  Soejima H, Zhao W, Mukai T. Epigenetic silencing of the MGMT 

gene in cancer. Biochem Cell Biol 2005;83(4):429–37.

139.  Crump K. An improved procedure for low-dose carcinogenic risk 

assessment from animal data. J Environ Pathol Toxicol 1982; 

5:339–48.

140.  Bates C, Fagerström K Jarvis M, Kunze M, McNeill A, Ramström L. 

European Union Policy on Smokeless Tobacco. Tobacco Control 

2003;12:360–7.

141.  Brennan P, Bogillot O, Greiser E, Chang-Claude J, Wahrendorf J, 

Cordier S, et al. The contribution of cigarette smoking to bladder 

cancer in women (pooled European data). Cancer Causes Control 

2001;12:411–7.

142.  Ehrenberg L. Estimation of Cancer risk due to passive smoking. 

Appendix DsS 1984:5.C Stockholm:Cancer Committee; 1984 [in 

Swedish].

143.  Parker AS, Cerhan JR, Janney C.A, Lynch CF, Cantor KP. 

Smoking cessation and renal cell carcinoma. Ann Epidemiol 

2003;13:245–51.

144.  Lin Y, Tamakoshi A, Kawamura T, Inaba Y, Kikuchi S, Moto-

hashi Y, et al. JACC Study Group. Japan Collaborative Cohort. 

A prospective cohort study of cigarette smoking and pancreatic cancer 

in Japan. Cancer Causes Control 2002;13:249–54.

145.  Kademani D, Bell RB, Bagheri S, Holmgren E, Dierks E, Pot-

ter B, et al. Prognostic factors in intraoral squamous cell carci-

noma: the influence of histologic grade. J Oral Maxillofac Surg 

2005;63(11):1599–605.

146.  British Thoracic Society. Guidelines on the management of chronic 

obstructive pulmonary disease. Thorax 1997;52 (Suppl 5):S1–28.

147.  National Heart Lung and Blood Institute. Global strategy for the 

diagnosis, management, and prevention of chronic obstructive pul-

monary disease. Bethesda (ML): National Heart, Lung and Blood 

Institute; 2001.

148.  Lundbäck B, Lindberg A, Lindström M, Ronmark E, Jonsson 

AC, Jonsson E, et al. Obstructive Lung Disease in Northern Sweden 

Studies. Not 15 but 50% of smokers develop COPD? Report from the 

Obstructive Lung Disease in Northern Sweden Studies. Respir Med 

2003;97:115–22.

149.  Scanlon PD, Connett JE, Waller LA, Murray D, Altose MD, Bai-

ley WC, et ał. Smoking Cessation and Lung Function in Mild-to-

Moderate Chronic Obstructive Pulmonary Disease. Am J Respir Crit 

Care Med 2000;161:381–90.

150.  Godtfredsen NS, Holst C, Prescott E, Vestbo J, Osler M. Smoking 

Reduction, Smoking Cessation, and Mortality: A 16-year Follow-up 

of 19 732 Men and Women. Am J Epidemiol 2002;56:994–1001.

151.  Tobacco or Health: A Global Status Report; Country Profiles by 

Region [cited 2006 Feb 1,]. World Health Organization. Available 

from: http://www.cdc.gov/tobacco/who/whoeupro.htm.

152.  Godtfredsen NS, Vestbo J, Osler M, Prescott E. Risk of hospital 

admission for COPD following smoking cessation and reduction: 

A Danish population study. Thorax 2002;57:967–72.

153.  Ashley F, Kannel WB, Sorlie, PD, Masson R. Pulmonary function: 

relation to aging, cigarette habit, and mortality. Ann Intern Med 

1975;82:739–45.

154.  Pfaffenberger RS, Hyde RT, Wing AL, Hsieh C. Cigarette smok-

ing and cardiovascular diseases. In: Zaridze DG, Peto R, editors. 

Tobacco: A Major International Health Hazard. No. 74. Lyon: Inter-

national Agency for Research on Cancer; 1986.

155.  Godtfredsen NS, Osler M, Vestbo J, Andersen I, Prescott E. 

Smoking reduction, smoking cessation, and incidence of fatal and 

non-fatal myocardial infarction in Denmark 1976-1998: a pooled co-

hort study. J Epidemiol Community Health 2003;57;412–16.

156.  Huhtasaari F, Asplund Wester PO. Cardiovascular risk fac-

tors in the Northern Sweden MONICA study. Acta Med Scand 

1988;224:99–108.

157.  Huhtasaari F, Asplund K, Lundberg V, Stegmayr B, Wester PO. 

Tobacco and myocardial infarction: is snuff less dangerous than ciga-

rettes? Brit Med J 1992;305:1252–6.

158.  Huhtasaari F, Lundberg V, Eliasson M, Janlert U, Asplund K. 

Smokeless tobacco as a possible risk factor for myocardial infarction: 

a population-based study in middle-aged men. J Am Coll Cardiol 

1999;34(6):1784–90.

159.  Asplund K, Nasic S, Janlert U, Stegmayr B. Smokeless tobacco as 

a possible risk factor for stroke in men: a nested case-control study. 

Stroke 2003;34(7):1754–9. 

160.  Eliasson M, Asplund K, Evrin PE, Lundblad D. Relationship of 

cigarette smoking and snuff dipping to plasma fibrinogen, fibrinolytic 

variables and serum insulin. The Northern Sweden MONICA study. 

Atherosclerosis 1995;113:41–53.

161.  Wennmalm Å., Benthin G, Granström EF, Persson L, Petersson 

AS, Winell S. Relation between tobacco use and urinary excretion of 

thromboxane A2 and prostacyclin metabolites in young men. Circu-

lation 1991;83:1698–704.

162.  Stegmayr B, Johansson I, Huhtasaari F, Moser U, Asplund K. Use 

of smokeless tobacco and cigarettes - effects on plasma levels of anti-

oxidant vitamins. Int J Vitam Nutr Res 1983;63:195–200.

163.  Allen SS, Hatsukami D, Gorsline J. Cholesterol changes in smoking 

cessation using the transdermal nicotine system. Transdermal Nico-

tine Study Group. Prev Med 1994;3(2):190–6.



IJOMEH 2006;19(1) 35

CANCER INITIATION BY TOBACCO SPECIFIC NITROSAMINE    R E V I E W  P A P E R S

164.  Benowitz NL Gourlay SG. Cardiovascular toxicity of nicotine: 

implications for nicotine replacement therapy. J Am Coll Cardiol 
1997;29(7):1422–31.

165.  Greenland S, Satterfield MH, Lanes SF. A meta-analysis to assess 

the incidence of adverse effects associated with the transdermal nico-

tine patch. Drug Saf 1998;18(4):297–308.
166.  Joseph AM, Norman SM, Ferry LH, Prochazka AV, Westman 

EC, Steele BG, et ał. The safety of transdermal nicotine as an aid 

to smoking cessation in patients with cardiac disease. N Engl J Med 
1996;335(24):1792–8.

167.  Nitenberg A, Antony I. Effects of nicotine gum on coronary vasomo-

tor responses during sympathetic stimulation in patients with coronary 

artery stenosis. J Cardiovasc Pharmacol 1999;34(5):694–9.
168.  Ludviksdottir D, Blondal T, Franzon M, Gudmundsson TV, Sawe U. 

Effects of nicotine nasal spray on atherogenic and thrombogenic fac-

tors during smoking cessation. J Intern Med 1999;246(1):61–6.
169.  Persson PG, Carlsson S, Svanström L, Östenson CG, Efendic S, 

Grill V. Cigarette smoking, oral moist snuff use and glucose intoler-
ance. J Intern Med 2000;248(2):103–10.

170.  Eliasson M, Asplund K, Nasic S, Rodu B. Influence of smok-

ing and snus on the prevalence and incidence of type 2 diabetes 

amongst men: the northern Sweden MONICA study. J Intern Med 
2004;256(2):101–10.

171.  Lewis SJ, Cherry NM, Niven RM, Barber PV, Povey AC. Asso-
ciations between smoking, GST genotypes and 7-methylguanine 

levels in DNA extracted from bronchial lavage cells. Mutat Res 
2004;559(1-2):11–8.

172.  Peterson LA, Liu XK, Hecht SS. Pyridyloxobutyl DNA ad-

ducts inhibit the repair of O6-methylguanine. Cancer Res 
1993;53(12):2780–5.

173.  Thornton A, Lee P, Fry J. Differences between smokers, ex-

smokers, passive smokers and non-smokers. J Clin Epidemiol 
1994;47:1143–62.

174.  Smith GBJ, Bend JR, Bedard LL, Reid KR,Petsikas D, Massey 
TE. Biotransformation of 4-(methylnitrosamino)-1-(3-pyridyl)-1-bu-

tanone (NNK) in peripheral human lung microsomes. Drug Metab 
Dispos 2003;31:1134–41.

175.  Richter E, Lassnack B, Tricker AR. Interspecies differences in 

N’-nitrosonornicotine metabolism by precision-cut rodent lung slices. 
Proceedings of the 15th International Symposium Microsomes 
and Drug Oxidation;2004 July 4–9; Mainz, Germany [cited Febru-
ary 1, 2006]. Available from: http://www.mdo2004.de/. 

176.  Griciute L, Castegnaro M, Bereziat JC, Cabral JRP. Influence of 

ethyl alcohol on the carcinogenic activity of N-nitrosonornicotine. 
Cancer Lett 1986;31:267–75.

177.  IARC Monographs on the Evaluation of the Carcinogenic Risks 
to Humans. Wood dust and formaldehyde. Vol. 65. Lyon: World 
Health Organization; 1995.

178.  Public Heath Status Reports, 2005. Stockholm: Swedish National 
Agency for Public Health 2005. p. 24–5 [in Swedish].



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


