
All smokers 
Males 

l-20 cigarettes/day 
a21 cigarettes/day 

Females 
I-19 cigarettes/day 
a20 cigarettes/day 

Smokers with no current illncsst 
Males 

l-20 cigarettes/day 
321 cigarette.sJday 

Females 

l-19 cigarettedday 
a20 cigarette.s/day 

2.22 2.49 2.38 2.03 I .63 I.38 1.0 
2.43 2.77 2.64 2.25 2.04 1.77 i.! 

1.60 1.58 I .96 I.41 I.14 I.10 1.0 
2.10 3.39 2.58 2.03 I.60 1.38 II 

2.34 2.06 2.05 1.89 I .48 I .29 I.0 
2.73 I .85 2.15 I.90 1.77 1.65 1.1 

I.82 I,76 I .26 I .42 1.01 1.09 1.0 
2.46 3.33 2.15 1.44 1.46 1.18 0.9 

*Data from American Cancer Society’s Cancer Prevention Study II, appearing in: USDHHS. Reducing The Health Cpnsequences of Smoking: 25 Yeus 

Progress: a Report of the Surgeon Geneml. U.S. Department of Health.and Human Services, Public Health Service, Centers for Disease Conlrol. CenIers for Chti 
Disease Prevention and Health Promotion, Oftice on Smoking and Health, 1989. 

tFormer smokers with he;u\ disease, cancer, stroke, or other serious illness at the time of enrollment in the study were excluded. 

Table 2, Smoking and lung cancer: C;lusative agents* 

I. 
I 
i 
I 

‘: 
I’ 

Carcinoycnb Modifying agents 

Strong evidencet 
NNKS 

Co-carcinogcm (catechols) 
i Tumor promotera (phenols 

and othcraj 
PAH# (hcnzolalpynnc, henzolhj, Toxic aldchydcs (acrolcin) 

and k)tluor;mthenes. Diet 
5-mcthylchry.sene. 
dihcnl.lcc.lrIanthrucenc. and 
Indcnol I ,2,3-c,Jlpyrenc) 

Weak cvidcnce 
Oxidotive dumage and free radicals 
““‘Po, Cr. Cd. md Ni 
Aldehydes 

-- -_---____-- 

*Modified from: Hoffmann D, Hecht SS. Advances in tobacco carcinogcncsis. 
In: Cooper CS. Grover PI., editors. Handbook of Experimental Pharmacology, 

Heidelberg: Springer-Verlag. 3990:63-102. 

*Criteria: animal carcinogenicity, presence in smoke, and biochemical studies 
in animal and human lungs, 

SNitrosamine 4-(methylnitrosaminoj- I -(3-pyridylj- I -butanone. 

PPolynuclear aromatic hydrocarbons. 

II 

their role as major factors in the carcinogenic process has been 
established (30,31). These same DNA adducts are found in the 
lungs of smokers (30,32), and the role of specific adducts in 
causing permanent mutations has been elucidated (32). The 

bulky adducts resulting from the metabolic activation of Bal 
and NNK cause G to T mutations, while the methyl adduct 
formed from NNK produce G to A mutations. These mu’. rion 

have been detected in K-ras oncogcnes and ~5.3 tumor sup 
prcssor genes isolated from lung tumors in smokers, and ti dose 
response relationship has been noted between G to T mutation 
in ~53 and cigarette smoke exposure (33,341 As shown in Fig. I 
dependence on nicotine is a prerequisite to the multistage pro 

cess of lung carcinogen&, in which these mutations play 
critical role (35). Moreover, in addition to their role in lun 
cancer, the nitrosamines, are also considered major caucalir 
factors for cancers of the esophagus and pancreas. Botil PAI 
and nitrosamines have been causally related to oral cancer. at? 
aromatic amines have been associated with bladder cancer j 
smokers (2636). 

Virtually all known carcinogens in tobacmcts requir 
metabolic activation for binding to DNA. There are competrn 
detoxlficatlon reactlons. The balance between metaboltc actlvi 
tton and detoxification in an individ 
tl w hat person’s risk for cancer upon carcinogen exposure. ‘InI 
balance is in large measure determined by individual levels m 
actlvltles of carcinogen metabolizing enzymes, such as CY? 
chromes P450, glutathione S-transferases, N-acetyltransferag 
and uridme dlphosphoglucuronosyl transferases (37j. 

Assessment of specific carcinogen metabofites in urine ( 

Fig. 1. Scheme linking nicotine 

addiction to lung cancer through 

the major pulmonary carcinogens 
of tobacco smoke-polynuclear 

aromatic hydrocarbons (PAH) 
and 4-(methylnitrosamino)-l-(3- 

pyridyl j- I -butanone (NNK). 
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