Comments of

Conwood Company, L.P.
National Tobacco Company, L.P.
Swedish Match North America Inc.
Swisher International, Inc.

United States Tobacco Company

regarding

National Toxicology Program Review of Smokeless Tobacco

for Possible Listing in the Ninth Report on Carcinogens

The above-listed manufacturers of smokeless tobacco products -- Conwood
Company, L.P., National Tobacco Company, L.P., Swedish Match North America Inc.,
Swisher International, Inc., and United States Tobacco Company (the “smokeless tobacco
manufacturers”) -- submit the following comments to the National Toxicology Program
(“NTP”) In connection with its review of smokeless tobacco for possible listing in the

Ninth Report on Carcinogens as either “known to be a human carcinogen” or “reasonably



The smokeless tobacco manufacturers have requested several experts in the fields
of epidemiology, toxicology and experimental carcinogenesis to review the relevant
epidemiological and experimental data published in the scientific literature, and to
provide statements to NTP summarizing that data and expressing their expert opinions as
to whether that scientific data would support the classification of smokeless tobacco,
under NTP’s criteria, as either “known to be a human carcinogen”-or “reasonably
anticipated to be a human carcinogen.”

Dr. Kenneth D. MacRae, a Reader in Medical Statistics at the Imperial College
School of Medicine of the University of London, a Fellow of the Royal Statistical Society
and a member of the editorial committee of the British Medical Journal, has reviewed the
epidemiological data relating to smokeless tobacco and cancer. Dr. MacRae’s analysis is
annexed as Attachment A. His conclusion is as follows:

It is my opinion that the epidemiological data do not support the conclusion
that smokeless tobacco has been shown to be a cause of cancer in humans.
Nor, in my opinion, does the epidemiological data, taken as a whole,
support a finding that the use of smokeless tobacco is a risk factor for oral
cancer. Accordingly, I do not believe that the epidemiological data support
NTP’s classifying smokeless tobacco among substances that are either

“known to be human carcinogens” or “reasonably anticipated to be human
carcinogens.”

2 Submission of Kenneth D. MacRae, Ph.D. to NTP dated October 10, 1997
at pages 2-3.



Prof. Paul Grasso and his colleagues at the School of Biological Sciences,
University of Surrey (U.K.) have conducted an extensive review of the scientific literature
on smokeless tobacco in order to examine the experimental evidence relating to
smokeless tobacco and cancer. Their analysis of the experimental data has been compiled
in a monograph entitled “Assessment of the Experimental Evidence Relating to
Smokeless Tobacco and Oral Cancer,” issued on October 31, 1996. A copy of the
monograph is annexed as Attachment B. Based on that assessment and their continuing
review of the relevant experimental data published in the scientific literature, Prof. Grasso

and his colleagues have concluded that:

Overall, the experimental studies support the conclusion that smokeless
tobacco is not carcinogenic in the oral cavity of laboratory animals.
Moreover, it is our judgment that those experimental studies do not support
the listing of oral use of smokeless tobacco products in the NTP’s Ninth

Report on Carcinogens.’
Dr. Torbjorn Malmfors, an internationally noted toxicologist and past president of
the Swedish Society of Toxic‘ology, has also reviewed the published experimental data
regarding the possible carcinogenicity of smokeless tobacco. His analysis is annexed as

Attachment C. Dr. Malmfors’ conclusion is as follows:

’ Letter from Professor Paul Grasso and his colleagues to NTP dated October
6, 1997, a copy of which is annexed as part of Attachment B.



There has been a substantial number of animal studies performed to
investigate the possible carcinogenicity of smokeless tobacco. Studies have
been performed in mice, hamsters, rats and monkeys. Different modes of
exposure have been employed for a life span period in most instances. A
maximally possible amount of smokeless tobacco has been administered in
most experiments both systemically and locally. The animal strains used
and the most relevant sites have all been shown to be sensitive to various
experimental carcinogens.

My overall evaluation of the animal studies is that there are no results
which are sufficiently significant, valid, or relevant to human beings
according to scientific principles, to justify a conclusion under the criteria
established by NTP that smokeless tobacco is “reasonably anticipated to be
a human carcinogen.™
Based upon the analyses of the epidemiological and experimental data relating to
smokeless tobacco and cancer submitted by Dr. Kenneth D. MacRae, Professor Paul
Grasso and his colleagues and Dr. Torbjorn Malmfors, the smokeless tobacco

manufacturers submit that NTP should not classify smokeless tobacco as either “known to

be a human carcinogen” or “reasonably anticipated to be a human carcinogen.”

4 Submission of Torbjorn Malmfors, M.D., Ph.D. to NTP dated October 10, 1997
atp. 19.



IMPERIAL COLLEGE SCHOOL OF MEDICINE
Department of Public Health

Chelsea & Westminster Hospital

369 Fulham Road

London SW10 9NH

Tel: 0181 746 8160
Fax: 0181 746 8151

Keaneth D. MacRae MA PhD FIS
Reader in Medical Statistics

10 October, 1997

Dr. C.W. Jameson

National Toxicology Program
Report on Carcinogens

MD WC-05, PO Box 12233
Research Triangle Park, NC 27709

Re: NTP Review of Smokeless Tobacco for Possible Listing in the Ninth Report on
Carcinogens

Dear Dr. Jameson:

I have been requested by several manufacturers of smokeless tobacco products to
comment on the epidemiological data relating to the issue of whether smokeless tobacco
products can be classsified pursuant to the criteria established by the National Toxicology
Program as being either "known to be human carcinogens” or "reasonably anticipated to be
human carcinogens.” My analysis and conclusions are attached.

Very truly yours,

Ko B Wha el o

Kenneth D. MacRae



SUBMISSION BY KENNETH D. MACRAE, Ph.D. RELATING
TO THE NATIONAL TOXICOLOGY PROGRAM'’S REVIEW
OF SMOKELESS TOBACCO FOR POSSIBLE

LISTING IN THE NINTH REPORT ON CARCINOGENS

I am Dr. Kenneth D. MacRae, a medical statistician, and am currently Reader in
Medical Statistics at the Imperial College School of Medicine of the University of
London, England. From 1984 to 1997 I was Reader in Medical Statistics at the Charing
Cross and Westminster Medical School, which became part of the Imperial College
School of Medicine in 1997. I completed my undergraduate and postgraduate studies at
the University of Aberdeen in Scotland, receiving my Ph.D. in Statistical Decisions in
1970. From 1969 to 1976 I was Lecturer in Medical Statistics at the Queen’s University
of Belfast. From 1976 to 1984 I was Senior Lecturer in Medical Statistics at the Charing
Cros§ Hospital Medical School of the University of London, England, until I assumed my
current position. I am a Fellow of the Royal Statistical Society and a member of the
editorial committee of the British Medical Journal.

[ have been the statistician responsible for the design and analysis of several multi-
centre trials in the field of cancer therapy, all of which have received external funding,
mainly from the British Cancer Research Campaign, but including one trial funded by the

N.C.I. T have had a particular interest in the validity of epidemiological research and on
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specific issues arising out of epidemiological studies. My full curriculum vitae and list of
publications are attached.

I have been asked by several manufacturers of smokeless tobacco products to
comment upon the epidemiological data relating to the issue of whether smokeless
tobacco products can be classified pursuant to the criteria established by the National
Toxicology Program as either “known to be human carcinogens™ or “reasonably
anticipated to be human carcinogens.”

I understand that NTP’s criteria for listing agents, substances or mixtures as
“known to be human carcinogens” are as follows:

“There is sufficient evidence of carcinogenicity from studies in humans
which indicates a causal relationship between exposure to the agent,
substance or mixture and human cancer.”
I further understand that NTP’s criteria for listing agents, substances or mixtures as
“reasonably anticipated to be human carcinogens,” as the criteria relate to
epidemiological studies, are as follows:
“There is limited evidence of carcinogenicity from studies in humans which
indicates that causal interpretation is credible but that alternative
explanations such as chance, bias or confounding factors could not
adequately be excluded.”
It is my opinion that the epidemiological data do not support the conclusion that

smokeless tobacco has been shown to be a cause of cancer in humans. Nor, in my

opinion, does the epidemiological data, taken as a whole, support a finding that the use of



smokeless tobacco is a risk factor for oral cancer. Accordingly, I do not believe that the
epidemiological data support NTP’s classifying smokeless tobacco among substances that
are either “known to be human carcinogens” or “reasonably anticipated to be human

carcinogens.”

Although the IARC (1985) and Surgeon General’s (1986) reports regarding
smokeless tobacco and cancer reviewed many epidemiological studies, the data are both
inconsistent and quantitatively and qualitatively sparse. Many of the studies fail té
control for one or more confounding factors. Some involve study population;e, that are
small or fail to report sufficient information so that it is difficult to perform any
meaningful statistical analyses of the data. I have personally examined these and
subsequent epidemiological studies, as well as the doctoral thesis and data underlying the
retrospective case control study by Winn, gt al. (1981), the principal study relied upon by
both the IARC and the Surgeon General.

Epidemiology is the study of disease by statistical methods in order to identify
factors which are statistically associated with the occurrence of disease. It does not deal
with the mechanisms or pathogenesis of disease. Statistical association alone does not
establish a causal relationship; it does form the basis for further laboratory and clinical
research. There are several types of epidemiological studies, and they, as might be

expected, vary greatly in their strengths and susceptibilities to bias.
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The epidemiological data with respect to smokeless tobacco fall into three
categories: case series, retrospective case control studies, and prospective cohort studies.
As you know, case series cannot even establish a “statistical association” due to the
absence of controls. At best, they create an interest in the possibility of a relationship
between a disease and some factor. A search for possible statistical associations between
a disease and one or more factors, however, can be carried out by using one of two
epidemiological study designs, namely, the retrospective case control design and fhe
prospective cohort design. Using these designs, statistical associations with oral cancer
have been reported for the following with varying degrees of consistency: diet,
mouthwash, alcohol consumption, smoking, oral hygiene, ill-fitting dentures, anaemia,

Plummer-Vinson disease, occupation, vitamins, leukoplakia, syphilis, Epstein-Barr virus,

gender, socio-economic status, age, race, and ethnicity.

In addition, smokeless tobacco, the present subject of inquiry, has also been
reported to be statistically associated with oral cancer in some studies. With respect to
smokeless tobacco and oral cancer, the best retrospective case control study to date is the

Winn study. Yet, even this study has admitted “methodological limitations” and cannot
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provide the basis for a conclusion that smokeless tobacco causes cancer. . A brief review
of the epidemiological studies relating to smokeless tobacco and oral cancer follows.'

While some studies report a statistical association between the use of smokeless
tobacco and oral cancer, others have ﬁot. At the outset, it should be reiterated that
virtually all these studies suffer from various methodological weaknesses, such as very
limited populations in confined geographic regions or failure to account for confoupding
factors. Nevertheless, a review of these studies is useful to demonstrate the equiv;)cal
nature of the data on the issue of statistical association.

The major epidemiological studies showing no association between smokeless
tobacco use and oral cancer include: Smith, et al. (1970), Smith (1975), Wynder, et al,
(1957), Peacock, et al. (1960), Martinez (1969), Wynder and Stellman (1977), Browne, gt
al. (1977),, Young, et al. (1986), Sterling, ¢t al. (1992), Mashberg, et al, (1993) and
Muscat, et al. (1996).

Smith, et al. (1970) and Smith (1975) report a prospective follow-up study
conducted in Tennessee involving 15,000 smokeless tobacco users, 1,550 of whom were

followed for 10 years. It was reported that none of these individuals developed either oral

' As to epidemiological data relating to any possible association between smokeless
tobacco and cancers outside the oral cavity, the 1986 Surgeon General’s report stated: “Evidence
for an association between smokeless tobacco use and cancers outside of the oral cavity in
humans is sparse. Some investigations suggest that smokeless tobacco users may face increased
risks of tumors of the upper aerodigestive tract, but results are currently inconclusive” (p. xxiii).
I am not aware of any studies published over the past 11 years which would warrant a change in
that conclusion.



cancer or serious changes in the oral mucosa. The primary researcher concluded: “I
believe that the type of snuff used in this country cannot logically be considered as
carcinogenic in view of the large number of patients who have used snuff for many years
with no clinical or histological evidence of tissue change.”

Wynder, gt al,, (1957) reported no statistically significant association between
tobacco chewing and oral cancer in a large Swedish population. Peacock, ¢t al, (1960) in
a retrospective study of 45 oral cancer patients reported no statistically signiﬁcantA
association between oral cancer and smokeless tobacco use except in individuals from a
low economic status who were over 60 years of age. Information on alcohol use or
cigarette smoking was not obtained in sufficient detail to be accounted for in the
statistical analysis.

Martinez (1969), in a retrospective study of 400 cases and 1,200 controls, found
that “[pJatients with cancer of the mouth did not often use chewing tobacco
disproportionately....” Wynder and Stellman (1977), in a retrospective study at 20
hospitals in 8 American cities, reported on 873 cases of oral cancer and found the use of
smokeless tobacco in these cases was almost identical to that of the controls.

Browne,. et al. (1977) conducted a retrospective study in England of 75 oral cancer
patients and 150 controls and concluded that “[tJobacco chewing, which was restricted to
miners, was equally common (45%) in the two groups.” Young, et al. (1986) was a

retrospective case control study of 623 Wisconsin patients with cancer of the head and
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neck. With respect to the patients who ever used snuff or chewed tobacco regularly, it
was found that there were no statistically significant differences between cases and

controls.
Sterling, et al. (1992) used the National Mortality Followback Survey and the

National Health Interview Survey to compute risk estimates for mortality for all cancer,

~ oral cancer and cancer of the digestive organs for use of smokeless tobacco, controlling

for potential confounding from smoking, drinking alcohol and occupation. No
statistically significant associations were found for any of these groups of cancer.

Mashberg, et al. (1993) conducted a hospital based case-control study of 359
patients with oral cavity - oropharynx cancer and 2,280 controls. No increased risk of
oral cancer was found for use of snuff or chewing tobacco.

Muscat and his colleagues at the American Health Foundation (including Dr. Emst
L. Wynder) conducted a hospital based case-control study of 1009 patients with oral
cancer and 923 age-matched controls (Muscat, gt al, (1996)). They found that oral snuff
use and use of chewing tobacco were unrelated to oral cancer, 1.3% of male cases and
1.6% of male controls having used snuff at least once a week for one or more years, and
5.5% of male cases and 5.3% of male controls having used chewing tobacco at least once
a week for more than one year. Among women, only 2 cases and 1 control reported snuff

use, and no women reported using chewing tobacco regularly.
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The major epidemiological studies reporting statistical associations of varying
strengths between smokeless tobacco and oral cancer, include: Moore, gt al, (1953),
Vogler, et al. (1962), Vincent and Marchetta (1963), Williams and Horm (1977),
Westbrook, gt al. (1980), Stockwell, et al. (1986), Spitz, et al. (1988), and Winn, et al,

(1981). Moore, et al. (1953) was a retrospective case control study of 40 cases of mouth

- cancer in Minnesota. The authors report a statistically significant association between

smokeless tobacco use and mouth cancer. The data reflect a relative risk of 4.0 for this
association. The 1986 Surgeon General’s Report discounts this study as a whole because
the relative risk estimates for the association between smoking and mouth cancer were
less than 1.0 (0.6 for pipe smoking; 0.54 for cigarette and cigar smoking).

Vogler, et al. (1962) in a retrospective study looked at 333 cases of cancer of the
mouth, pharynx and larynx and reported a statistically significant association with
smokeless tobacco use. The study, however, does not take account of alcohol and
smoking as confounding factors.

Vincent and Marchetta (1963) reported a retrospective study of 106 patients with
cancer of the head and neck and 150 controls. The study reported a higher rate of usage
of smokeless tobacco in male patients with oral cavity cancer than in controls. This
comparison was based on only 9 smokeless tobacco using cases and 5 smokeless tobacco
using controls. Therefore broad conclusions from these limited data cannot be drawn. In

addition, this study failed to control for smoking, alcohol use, and age.
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Williams and Horm (1977) did a case control analysis of cancers based on data
from the Third National Cancer Survey. The statistically significant associations reported
in this study between smokeless tobacco ﬁsc and oral cavity cancer in males but not in
females were based on only 11 males who were smokeless tobacco users. Moreover, this
study used other cancer sites as controls and as the authors concede “[t]he intercancer
- comparison approach required for the analysis of these data is one of the most likely
sources for possible misinterpretations.... This approach can produce factitious invlcrse
(or even positive associations)....”

The medical records of 55 female patients treated at the University of Arkansas
with cancer of the alveolar ridge or buccal mucosa were compared with the records of 55
randomly selected female hospital controls (Westbrook, ¢t al., (1980)). Fifty of the cases
and only 1 of the controls were reported to be snuff dippers. The results of this study
appear to be grossly out of line with any other reported ;study as the data reflect a relative
risk of 540.0. These extraordinary results are an extreme example of the methodological
problems inherent in retrospective case control studies. Here, snuff usage information for
the cases and controls was obtained from the medical records of the patients, and many of
the controls were undoubtedly being treated for conditions that would not elicit
information relating to snuff use. As the Surgeon General’s Report observed with regard

to this study, “[n]o reliable estimates of risk can be derived from this study because of the
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strong possibility that there was not comparable elicitation of exposure information for
cases and controls.”

Stockwell, et al. (1986) conducted a retrospective case control study involving
2,351 cases of head and neck cancer in Florida and reported an 11-fold risk of mouth and
gum cancer in smokeless tobacco users. As the authors themselves noted, there was no
control for confounding by smoking and alcohol use. In addition, as with Williams and
Horm (1977), the controls were other cancer patients.

Spitz, et al. (1988) reported on a retrospective case control study in Texas of 185
patients with cancer of the larynx, tongue, orohypopharynx, and oral cavity. Although
the authors report that a relative risk of 3.4 is statistically significant, based on 9 snuff
dipping cases (4 larynx, 4 oral cavity and 1 orohypopharynx) and 4 snuff dipping
controls, in fact the odds ratio is actually 2.3 and is not statistically significant. All 9
cases drank alcohol and smoked, meaning that the association with snuff dipping is
completely confounded by smoking and drinking. In addition, when analyzed by site, the
data show no association between oral cavity cancer and snuff use.

The best retrospective case control study to date reporting an association between
smokeless tobacco use and oral cancer is Winn, et al, (1981), but this study also has
methodological limitations, which are recognized by the authors, and does not establish
that smokeless tobacco is a risk factor for oral cancer, much less that it is a cause of oral

cancer.
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This was a retrospective case control study involving 232 women in North
Carolina with oral and pharyngeal cancer selected from hospital records and death
certificates and 410 controls that were matched for age, race, source of ascertainment
(i.e., hospital or death certificate), and county of residence. Interviews were conducted
with the subjects or, where the subjects were unavailable, with next-of-kin to accumulate
~ information about the cases and controls with respect to a broad range of topics. The
proportion of next-of-kin interviews was much greater for cases (51%) than for co;xtrols
(21%) in the hospital series. The hospital series constituted the greater proportion of the
study subjects. The deafh certificate series was of course all next-of-kin interviews.

A major methodological problem, therefore, with this study is that substantially
more next-of-kin interviews were conducted with cases than with controls. Analysis of
the interview technique reveals that next-of-kin reported more snuff usage than the study
subject herself. Therefore, the interview source itself may have increased the snuff usage
among the cases iﬁ this study compared to the controls thereby inflating rates or relative
risk as to snuff use.

Next, Winn, et al, is repeatedly cited, including by the IARC and the Surgeon
General, for their reported finding that snuff dipping for greater than 50 years resulted in
a 47.5 relative risk for gum and buccal cancer. It should be noted that this relative risk is

out of line with virtually every other study on this subject. The researchers have achieved
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this extraordinary relative risk by excluding from their calculations the strata of the data
which do not show statistically significant associations.

For example, pharynx and other mouth sites do not show a statistically significant
risk, so the analysis is confined to the gum and buccal sites; smokers do not show a
significant association, so the analysis is confined to non-smokers; and the death
certificate cases do not show a statistically significant association, so the analysis is
confined to the hospital cases. They also chose periods of duration of use (i.¢., 1-'-24
years, 25-49 years, 50 and over years) in order to maximize the relative risk. However,
when all cases and all controls for all sites are considered, the relative risk for 50 years or
more of snuff dipping is actually 1.99.

In any event, even if the obviously biased selection of the data were appropriate,
Winn, et al. used an inappropriate method for calculating the 50 years and over odds ratio
because it ignores the matching of the cases and controls. If other more appropriate
methods designed to take account for matching were used, the relative risk for this highly
selected data would be approximately 5.

Winn, et al. also report a dose response relationship based on the same highly
selective data discussed above. Ygt, as Winn states in her doctoral thesis, when the data
are taken as a whole, “[o]ral cancer was not clearly related to the amount or duration of

snuff use.”
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Winn, gt a]. find that among those subjects who both smoked and dipped snuff,
“the risk of oral and pharyngeal cancer was not exceptional,” the relative risk being 1.2.
Yet, snuff dipping in terms of can years in this group was greater than in non-smoidng
dippers who had a relative risk of 3.6. In addition, the smoking dippers had an average
consumption of 15 cigarettes per day and 22 pack years while the non-smoking dippers
~ obviously had no smoking exposure at all. These data, coupled with the absence of a
dose response relationship, argues against the biological plausibility of the sometiines
reported association between oral cancer and snuff use as being one of cause and effect.

A curious feature of this study is the absence of an association between oral cancer
and snuff use in blacks. Another curious feature of this study is that the data show
statistically significant negative associations between alcohol consumption and oral
cancer in non-smokers and in dippers. Such anomalous results further illustrate the
degrée of caution that needs to be exercised in interpreting statistical associations whether
positive or negative in a retrospective case control study such as this.

Finally, even if the Winn study was beyond reproach methodologically, it must be
remembered that it is only one retrospective case control study with all the limitations
inherent in such studies and that the study population to which it refers is hardly
representative of the U.S. population in general, being largely elderly women from the
Piedmoﬁt region of North Carolina. Broad conclusions can hardly be based on such a

study. It is noteworthy that 16 years after the publication of the Winn study, which
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garnered widespread attention in the public health community, the results of this study
have not been rcproduccdv in the Piedmont region of North Carolina, nor in any other
population.

In direct contrast to her positive findings in non-smoking dippers in her case
control study, Winn, et al, (1982) found no association with oral and pharyngeal cancer in
" non-smoking users of smokeless tobacco in a follow-up of 300,000 U.S. veterans from
the Dorn study. |

In summary, the statistical studies conducted to date do not convincingly show the
use of smokeless tobacco to be a risk factor for oral cancer, let alone a cause of that
disease. Accordingly, in my opinion, it would be unwarranted for the NTP to list
smokeless tobacco products as either “known to be human carcinogens” or “reasonably

anticipated to be human carcinogens.”

Kenneth D. MacRae, Ph.D.

10 October, 1997
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of Medicine, Professor A. Guz).

1984-  : Reader in Medical Statistics, Charing Cross and Westminster
Medical School, University of London (Attached to the
Department of Medicine, Professor A. Guz, until 1996; Department of
Public Health, Professor RDT Farmer from 1996. From 1 August 1997
the Medical School became part of Imperial College of Medicine, -
Science and Technology).

Professional lification

Fellow of the Institute of Statisticians, 1983.

med 1eti

Fellow of the Royal Statistical Society, 1970.
Member of the Society for Social Medicine, 1975.
Member of the Medico-Legal Society, 1984.

Teaching Experien

1965-1967 (Aberdeen Department of Psychology): Statistics tutorials,
practical course on experimental design, and advice on design
and analysis of undergraduate and postgraduate research
projects.

1967-1969 (Belfast Department of Psychology): Lecture course on analysis
of variance and design of experiments. Lecture course in
mathematical psychology. Supervision of practical course in
experimental psychology, and of undergraduate thesis work.
Advice on design and analysis for staff and postgraduate
students in the department.

1969-1976 (Belfast Department of Medical Statistics): Lecture courses on
statistics to undergraduate medical students, and for
postgraduate courses for the Diploma in Public Health and the
Diploma in Dental Public Health. Course in experimental design
for the M.Sc. in clinical psychology. Occasional 'open’ courses
in statistics for medical school and hospital staff. Advisory
service in design and analysis for medical school and hospital
staff.

«

1976-  (Charing Cross Hospital Medical School): Lecture courses on
statistics, clinical biometry and epidemiological methods to



undergraduate medical students. 'Open’ courses for medical
school and hospital staff. Courses for postgraduate medical

~qualifications - M.R.C.Psych. (N.W. Thames Regional Course),

the Diploma in Pharmaceutical Medicine and the Diploma in

Clinical Science (organised by University College Cardiff, .

University of Wales). M.R.C.0.G. Course, Queen Charlotte’s Hospital.
The Advanced Course in Obstetrics and Gynaecology, Queen Charlotte's
Hospital. F.R.C.R. in Clinical Oncology London Course. Assistance with
projects for the M.Sc. in Statistics (Imperial College, University of
London). ‘

Advisory service in design and analysis for medical school and

hospital staff. :

Multi-Centr inical Tri

1970-1976: Ovarian Cancer Clinical Survey. (Chairman Dr G.A. Edelstyn,

Northern Ireland Radiotherapy Centre).

1972-1978: Cancer Research Campaign Breast Trial. (Joint Chairmen

1974-

1981-

1982-

1982-

1983-

1988-

1984-92 :

Professor J.G. Murray, King's College Hospital Medical School,
and Professor J. Mitchell, University of Cambridge).

: Multicentre Cancer Chemotherapy Group. (Chairman Dr. G.A.
Edelstyn, followed by Dr M.F. Spittle, The Middlesex Hospital)

: Cancer Research Campaign Adjuvant Breast Trials (Chairman
Professor M. Baum, King’s College Hospital Medical School).

: Multicentre CEA - Second-Look Surgery Colorectal Cancer Trial
(Chairman Sir William Slack, The Middlesex Hospital, followed by
Mr J.M.A. Northover, St Mark's Hospital).

: Cancer Research Campaign Malignant Obstructive Jaundice Trials
(Chairman Dr P.B. Cotton, The Middlesex Hospital, followed by
Mr R.C.G. Russell, The Middlesex Hospital).

: Intermational Biliary Study Group (Chairman Professor Dr M.
Classen, Frankfurt).

: U.K. Hepatic Artery Pump Trial (Chairman Mr T.G. Allen-Mersh,
The Westminster Hospital).

Muiti-Centre Epidemiological Project

European Economic Community Study of the Adverse Effects of
Alcohol Consumption in Pregnancy, ‘including the Foetal Alcohol
Syndrome - EUROMAC. (Chairman Professor C. du V Florey,Dundee).



mmitt d Administration

1969-1976 (Queen’s University, Belfast): Science Faculty Working Party on
Student Intake. Medical Faculty Working Party on First-Year
Exemptions. Medical Faculty Working Party on Regular Recurrent
Expenditure and the Equipment Fund. The Inter-Faculty
Committee on the Teaching of Computing.

1974-1976: Honorary Secretary of the Northern Ireland Branch of the Royal
Statistical Society.

1975-1976: Honorary Treasurer of the Queen’s University Staff Club.
1974-1978: Council Member, Action Cancer Northern Ireland.
1976-1980: Scientific Advisory Committee, Action Cancer.
1976-1982: Editorial Board of the British Journal of Nutrition.

1982-1983: President of the Charing Cross Hospital Medical School
1987-1988: Branch of the Association of University Teachers.

1985-88 : Member of the Ethical Committee of Charing Cross Hospital.
1988 : Vice-Chairman of the Ethical Committee.
1988-91 : Chairman of the Ethical Committee.

1986- : Member of the Scientific Advisory Board of the Smokeless Tobacco
Research Council.

1987-  : Member of the Scientific Advisory Committee of the Myofascial
Pain Research Trust.

1987-90 : Secretary of the University of London Special Advisory
Committee on Medical Statistics and Biometry.

1988- . Member of the Scientific Advisory Committee of the Cancer
Research Campaign's Clinical Trials Centre.

1989-92 : Member of the Events Committee of the Institute of
Statisticians.

1989-  : Member of the Clinical Research Ethics Committee of the Royal
College of General Practitioners.

1990- : Member of the Editorial Board of Statistical Methods in Medical
Research.

1992-  : Member of the Editorial Hanging Committee of the British Medical
Journal.



1993- : Member of the Data Monitoring Committee of the Medical Research
Council Randomised Trial of Hyperthermia in Superficial, Localised
Primary and Recurrent Breast Carcinoma.

1996- : Member of the UK Systemic Sclerosis Study Group

Regular Peer Reviewing

British Journal of Ophthalmology, Pharmaceutical Journal, International Journal of
Pharmacy Practice.

Occasional Peer Reviewing

British Journal of Cancer, International Journal of Epidemiology, Journal of
Clinical Epidemiology, European Journal of Cancer.

Visiting/External Examiner

1980-1983: External Examiner in Medical Statistics, The Queen’s University
of Belfast.

1983-1986: Visiting Examiner in the Principles of Medical Statistics and
Biometry, St George's Hospital Medical School, London.

1983-1984: Visiting Examiner in the Principles of Medical Statistics and
Biometry, St Mary’s Hospital Medical School, London.

1985-1987: Visiting Examiner in the Principles of Medical Statistics and
Biometry, The United Medical Schools of St Thomas' Hospital and
Guy's Hospital, London.

1987 External Examiner for a thesis for the degree of M.Sc. in the
Queen’s University of Belfast (Candidate: Evelyn E. McCrum.
Title: Statistical Analysis of Risk Factors Associated with
Cardiovascular Disease).

1988-1991: Visiting Examiner in the Principles of Medical Statistics and
Biometry, Imperial Coliege of Science, Technology and Medicine,
London.

1988-1991: Visiting Examiner in the Principles of Medical Statistics and
Biometry, The London Hospital Medical College, London.

1989 Examiner for a thesis for the degree of Ph.D. in the University
of London (Candidate: Janet L. Peacock. Title: Birthweight and
Cigarette Smoking.



1990-1992: Visiting Examiner in the Principles of Medical Statistics and Biometry
University College, London

1992- Examiner in Medical Statistics for the Oncology Fellowship
of the Royal College of Radiologists.

1994- Visiting Examiner in the Principles of Medical Statistics
and Biometry, Royal Free Hospital School of Medicine,
London. _

1995- Visiting Examiner in the Principles of Medical Statistics
and Biometry, Imperial College of Science, Technology
and Medicine, London.

1996- Visiting Examiner in the Principles of Medical Statistics
and Biometry, St George's Hospital Medical School, London.

1996- Visiting Examiner in the Principles of Medical Statistics
and Biometry, University College, London

PAPERS READ AT CONFERENCES

MacRae KD. An analysis of serial betting behaviour. Experimental Psychology
Society, London, January 1967.

MacRae KD, Power RP & Muntz HJ. The use of discriminant analysis in
determining the selection of variables for distinguishing among groups.
Behavioural Engineering Association, Wexford, September 1971.

Power RP, MacRae KD & Muntz HJ. Discrimination among normals,
neurotics and malingerers using the Maudsley Personality Inventory.
Bnitish Psychological Society, Nottingham, April 1972.

MacRae KD. Statistical considerations in the evaluation of a cooperative
study. St Thomas® Hospital Medical School, London, June 1972.

MacRae KD. Progettazione e analisi dell rassegna clinica sul cancro
ovarico. Societa Italiana di Ostetricia e Ginecologia, Florence
April 1973. :

MacRae KD. Further progress in the Ovarian Cancer Survey. St Thomas’
Hospital Medical School, London, January 1974.

MacRae KD. The EPI as a clinical instrument. Behavioural Engineering
Association, Islay, May 1974,

MacRae KD Statistical aspects of clinical trials for advanced cancer.
British Association for Surgical Oncology, London, February 1975.



Muntz HJ, MacRae KD & Power RP Diagnosis by man or machine: a
comparison between clinical psychologists and discriminant function
analysis. British Psychological Society, Nottingham, April 1975.

MacRae KD Depostat: further progess in the Ovarian Cancer Clinical
Survey. South Thames Regional Radiotherapists’ Study Day, London,
May 1975.

MacRae KD Statistical aspects of trial design. Association of Medical
Advisers in the Pharmaceutical Industry, London, May 1976.

MacRae KD The interpretation of pain measurements. Pain Symposium,
Guemnsey, May 1977.

MacRae KD Clinical trials and tribulations. Northern Ireland Branch of the
Royal Statistical Society, Belfast, October 1977.

MacRae KD How are clinical trials of cancer carried out? British
Medical Association Symposium, London, November 1977.

MacRae KD Design of the randomised study in early breast cancer. Action
Cancer Symposium, Belfast, April 1978.

MacRae KD Clinical trials - statistical principles. Institute of
Radiotherapeutics, Glasgow, June 1978.

MacRae KD Statistical aspects of stroke research. International
Symposium on Stroke Research, London, June 1978.

MacRae KD Biostatistical consulting. Association of Statisticians in
the Pharmaceutical Industry, Stratford-upon-Avon, October 1978.

MacRae KD Evaluation of the results of pain therapy. The Intractable
Pain Society, London, October 1978.

MacRae KD Clinical trials in breast cancer: the statistical approach
and interpretation of results. British Institute of Radiology,
London, October 1978.

MacRae KD Evaluation and validation of subjective measurements.
Association for Clinical Research in the Pharmaceutical Industry,
London, October 1978.

MacRae KD The epidemiology of breast cancer. Action Cancer Symposium,
Belfast, April 1979.

MacRae KD An evaluation of the epidemiological evidence on the risks of _
oral contraceptives. Schering Workshop on Fertility Control, ’
Berlin, November 1979.



MacRae KD Who needs statistics? Royal College of Radiologists, London,
November 1979.

MacRae KD Statistical requirements in clinical trials. Royal Society of
Medicine, Section of Measurement in Medicine, London, May 1980.

MacRae KD The general philosophy of clinical trials. Universitat
Heidelberg Sonderforschungsbereich, Heidelberg, June 1980.

MacRae KD Health risks of oestrogen therapy. Joint meeting of the
Section of Endocrinology of the Royal Society of Medicine, the
Society for Endocrinology, and the Medical and Scientific Section

of the British Diabetic Association. London, November 1980.

MacRae KD Statistics in family planning research. National Association
of Family Planning Doctors, London, October 1981.

MacRae KD The pitfalls of historical controls in clinical trials.
Second Heidelberg Symposium on Breast Cancer, Heidelberg,
December 1981. A

MacRae KD Epidemiology and oral contraception - the way ahead.
Workshop on Recent Advances in Oral Contraception, Royal College
of Obstetricians and Gynaecologists, London, May 1983.

MacRae KD What epidemiological studies can tell us. Symposium on the
Pill in Perspective, London, November 1983.

MacRae KD Statistical probiems in clinical trials. Association of
Statisticians in the Pharmaceutical Industry, London, June 1984,

MacRae KD Adjuvant therapy for breast cancer. Zentrum fur die
methodsiche Betreuung von Therapiestudien bei Brustkrebs,
Frankfurt, November 1986.

MacRae KD The value of small trials and large confidence intervals.
Third Symposium on Cancer Clinical Trials, Freiburg, February 1987.

MacRae KD What is efficacy: A biostatistical viewpoint. Association for
Clinical Research in the Pharmaceutical Industry, Brighton, March
1987.

MacRae KD Epidemiology, encephalopathy and pertussis vaccine.
Federation of European Microbiological Societies Symposium,
Berlin, April 1988.

MacRae KD Does pertussis vaccine cause brain damage? East Midlands
Group of the Royal Statistical Society, Nottingham, June 1988.



MacRae KD Debate - The Place of Chemotherapy in the Treatment of
Head and Neck Cancer. Section of Laryngology, The Royal Society of
Medicine, Oxford, July 1988.

MacRae KD Does pertussis vaccine cause brain damage? University of
London Joint Statistics Seminar (at the L.S.E.) December 1988.

MacRae KD Does pertussis vaccine cause brain damage? Basle Biometric
Society, Basle, October 1989.

MacRae KD Overview of major critiques. Workshop on the National
Childhood Encephalopathy Study, Institute of Medicine, National
Academy of Sciences, Washington DG, November 1989.

MacRae KD A statistician's view of the CRC CEA trial. CRC
Gastro-intestinal Trials Annual General Meeting, London, November
1989.

MacRae KD (I) Why is the prospective randomised trial the gold standard?
(I1) What does a significant result mean? Symposium on
Research Methods in Clinical Oncology, Bombay, February 1990.

MacRae KD Should we be at odds with odds ratios? Annual Symposiun of the
British Association of Pharmaceutical Physicians, London, June 1990.

MacRae KD Epidemiology and biostatistics in view to family planning. III
International Symposium on Contraception, Heidelberg, June 1990.

MacRae KD Statistics in biomedical research. Biomedical Research and
Experimental Therapeutics Society of Singapore, Singapore, January
1991.

MacRae KD Misleading statistics. Forum on Clinical Pharmacology and
Therapeutics, London, March 1991.

MacRae KD Is a trial worth the trouble? Surgical Study Day, Norfolk and
Norwich Institute for Medical Education, Norwich, May 1991.

MacRae KD Current issues in the application of statistics: medicine.
Institute of Statisticians One Day Annual Conference, London, May
1991.

MacRae KD How to ensure your next paper is totally unsuitable for
publication. European Medical Research Group, London, June 1991.

MacRae KD We can’t all be below average. Royal Statistical Society
Meeting on Single Population Theories in Epidemiology, London,
October, 1991. ' a



MacRae KD The lighter side of statistics. Tenth Anniversary
Conference of the Raynaud’s and Scleroderma Association,
Alsager, September 1992,

MacRae KD Statistics. Workshop for Editors of Journals. British
Medical Journal and European Association of Science Editors,
Tunbridge Wells, November 1992.

MacRae KD Alcohol is good and bad for you. Intemnational
Science Festival, Edinburgh, April 1993.

MacRae KD Personal injury - causation. Nottingham Law School
Centre of Advanced Litigation 1993 Litigation School, The Law
Society, London, October 1993.

MacRae KD Epidemiology and statistics in medicine: what can
you believe. Occupational Health Seminar, Royal Society of
Medicine, London, June 1994,

MacRae KD Causal inference in pharmacoepidemiology. First
International Conference on New Areas of Pharmaceutical
Research, Oporto, Portugal, September 1995.

MacRae KD General principles of patient selection and designs.
Sixth International Headache Research Seminar. Copenhagen,
Denmark, November 1995.

MacRae KD Problems related to phase II and phase III trials: a
statistician’s view. The 5th European Winter Oncology
Conference, Meribel-Mottaret, France, January 1997.

Retsas S, Mohith A, MacRae K, Henry K Ist interim analysis of
adjuvant vindesine and DTIC for clinical and histologic
involvement of regional lymph nodes in malignant melanoma. 2nd
International Conference of the Adjuvant Therapy of Malignant
Melanoma. London, March 1997.

Retsas S, Mohith A, MacRae K, Henry K Adjuvant vindesine in
malignant melanoma; 20 years on. 2nd International Conference
of the Adjuvant Therapy of Malignant Melanoma. London, March
1997.

MacRae KD Effective communication. Royal Statistical Society
Quality Forum. London, June 1997,
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MacRae KD (1966) Making ‘diagnosis logical. Zodiac, 13, 1-3.
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MacRae KD, & Power RP (1969) Critical comment on one aspect of
Graham's "On some aspects of real and apparent visual movement.”
J Opt Soc Amer, 59, 1002.

MacRae KD (1969) Serial position and sequential dependencies in
repeated measures designs. Percept mot Skills, 29, 736-738.

MacRae KD, & Reid JB (1970) Asymmetric stimulus intensity in
probability learning. Percept mot Skills, 30, 228.

MacRae KD (1970) Some remarks on Edwards’ probability-preference
experiments. Percept mot Skills, 30, 300.

Power RP, & MacRae KD (1971) Detectability of items in the Eysenck
Personality Inventory. Brit J Psychol, 62, 395-401.

MacRae KD, & Power RP (1972) Real and apparent visual movement.
J Opt Soc Amer, 62, 290. :

Barr W, Edelstyn GA, Forster DMB, Glennie JMcD, MacRae KD,
Menzies DN, O’Sullivan J, Pitchford AG, Smedly GT, Tacchi D,

& Ward HWC (1972) Treatment of ovarian carcinoma. Brit med J,
1, 749-750.

Barr W, Edelstyn GA, Forster DMB, Glennie JMcD, MacRae KD,
Menzies DN, O’Sullivan J, Pitchford AG, Smedly GT, Tacchi D,
& Ward HWC (1972) Treatment of ovarian carcinoma. Lancet, 1, 591.

Edeistyn GA & MacRae KD (1972) Treatment of early breast cancer.
Brit med J, 2, 711.

Edelstyn GA & MacRae KD (1972) Treatment of early breast cancer.
Brit med J, 3, 587-588.

Edelstyn GA & MacRae KD (1972) Treatment of breast cancer. Lancet,
-2, 1307.

MacRae KD & Bullock G (1972) UNII/UNI2: A Univariate Statistical
Package. Pp 18, Queen’s University Of Belfast Computer Laboratory.

MacRae KD (1973) Statistical aspects of a co-operative trial on the
treatment of ovarian carcinoma. Postgrad med J, 49, 78-80.

Donaldson JD, MacRae KD, Parks TG & Rodgers HW (1973) A multiple
discriminant analysis between duodenal ulcer patients and normal

controls, using constituents of gastric juice. Europ surg Res,

S (suppl 2), 8.
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Edelstyn GA & MacRae KD (1973) Cyclical combination chemotherapy in
advanced breast cancer. Brit J Cancer, 28, 459-461.

Kennedy T, Connell AM, Love AHG, MacRae KD & Spencer EFA (1973)
Selective or truncal vagotomy? Brit ] Surg, 60, 944-948.

MacRae KD (1973) Progettazione e analisi della rassegna clinica sul
cancro ovarico. Communicazione I Relazione Congresso della
Societa Italiana di Ostetrica e Ginecologia, Firenze, 522-524.

Donaldson JD, MacRae KD, Parks TG & Rodgers HW (1974) Abnormalities
of mucopolysaccharides in duodenal ulceration. Proc roy Soc Med,
67, 11-12.

Power RP, MacRae KD & Muntz HJ (1974) Separation of normals, neurotics
and simulating malingerers on the MPI by means of discriminant
function analysis. Brit J soc clin Psychol, 13, 65-72.

Donaldson JD, MacRae KD, Parks TG & Rodgers HW (1974) Gas
chromatographic measurement of mucopolysaccharides in gastric juice
of patients with duodenal uiceration. Gut, 15, 347.

Edelstyn GA & MacRae KD (1975) Breast cancer - mistaken concepts,
therapeutic consequences and future implications. J Irish med
Assoc, 68, 30-32.

Kennedy T, Johnston GW, MacRae KD & Spencer EFA (1975) Proximal
gastric vagotomy: interim results of a randomised controlied trial.
Brit med J, 2, 301-303.

Edelstyn GA, Bates TD, Brinkley D, MacRae KD, Spittie MF
& Wheeler T (1975) Drugs for common cancers. Brit med J,
2, 502-503.

Edelstyn GA, Bates TD, Brinkley D, MacRae KD, Spittie MF
& Wheeler, T (1975) Comparison of 5-day, 1-day, and 2-day
cyclical combination chemotherapy in advanced breast cancer.
Lancet, 2, 209-211.

Edelstyn GA & MacRae KD (1975) Adnamycin in advanced breast cancer.
Lancet, 2, 1095-1096.

Harcus AW & MacRae KD (1975) Progress in the Ovarian Cancer Clnical
Survey: a multicentre approach. Chapter 9 in Brush, MG, & Taylor,

RW (Editors) Gynaecological Malignancy. Clinical and Experimental
Studies. Bailliere Tindall, London, 141-151.

MacRae KD & Power RP (1975) An analysis of the items of the Eysenck
Personality Inventory. Brit J Psychol, 66, 501-511.
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Gillespie PJ & MacRae KD (1975) Accuracy of hver scintiscanning.
J nuclear Med, 16, 1024.

Power RP, Muntz HJ & MacRae KD (1975) Man or machine as diagnostic
tool: a comparison between clinical psychologists and discriminant
function analysis. Brit J soc clin Psychol, 14, 413-422.

Hood JM, Spencer EFA, MacRae KD & Kennedy T (1975) Value of
perioperative acid tests in predicting recurrent ulceration after
vagotomy. Brit J Surg, 62, 665.

Edelstyn GA & MacRae KD (1976) Adriamycin in advanced breast cancer.
Lancet, 1, 649.

Donaldson JD, MacRae KD & Parks TG (1976) The study of the gastric
mucopolysaccharides of patients with duodenal ulceration and X-ray
negative dyspepsia by discriminant function analysis. Gut, 17(S),
401-402.

Donaldson JD, MacRae KD & Parks TG (1976) Discriminant function
analysis of gastric juice in duodenal uiceration and X-ray
negative dyspepsia. Europ surg Res, 8 (Suppl 1), 58.

MacRae KD (1976) Statistical aspects of trial design. Chapter 9 in
Good, CS (Editor) The Principles and Practice of Clincial Trials.
Churchill Livingstone, Edinburgh, 87-92.

Edelstyn GA & MacRae KD (1976) Early and late breast cancer: a unified
concept for treatment. Clin Radiol, 27, 455-462.

Hood JM, Spencer EFA, MacRae KD & Kennedy T (1976) Predictive value
of perioperative gastric acid tests. Gut, 17, 998-1000.

Edelstyn GA & MacRae KD (1976) Concomitant androgen therapy in the
management of advanced breast cancer by cyclical combined
chemotherapy. Clin Oncol, 2, 403-405.

Edeistyn GA, Bates TD, Brinkley D, MacRae KD, Spittle MF
& Wheeler T (1977) Short-course cyclical chemotherapy in
advanced breast cancer. Lancet, 1, 592.

Edelstyn GA, MacDonald M & MacRae KD (1977) Doxorubicin-induced
hair loss and possible modification by scaip cooling. Lancet,
2, 253-254.

Multicentre Cancer Chemotherapy Group (1977) Multimodal therapy for
histological stage Il breast cancer. Lancet, 2, 396-397.

13



Power RP & MacRae KD (1977) Characteristics of items of the Eysenck
Personality Inventory which affect responses when students
simulate. Brit J Psychol, 68, 491-498.

MacRae KD (1977) The interpretation of pain measurements. Chapter 4 in
Harcus AW, Smith RB & Whittle BA (Editors) Pain - New

Perspectives in Measurement and Management. Churchill Livingstone,
Edinburgh, 21-24,

Robinson M, Lonsdale D, MacRae KD & Guz A (1977) The flow-volume
curve breathing air or helium-oxygen: an analysis of bias,

dispersion and correlation in ten indices and a comparison of

non-smokers with asymptomatic smokers. Bull Europ de Physiopath

Resp, 13, 96-97.

Edelstyn GA, MacRae KD, Bates TD, Kitchén G, Nicol NT & Spittie MF
(1978) Chemotherapy in breast cancer. Lancet, 1, 883.

MacRae KD (1978) One drug for epilepsy. Brit med J, 1, 1215.

Donaldson JD, MacRae KD & Parks TG (1978) Discriminant function
analysis of the carbohydrate and nitrogen content of gastric

secretion of patients with duodenal uiceration and in control

subjects. Insh J Med Sci, 147, 90-96.

MacRae KD (1978) Surgeon-related variables. Lancet, 2, 890.

Edelstyn GA, Bates TD, Brinkiey D, Kitchen G, MacRae KD, Nicol NT,
Spittle MF & Wheeler T (1978) Multimodal therapy for stage 11
breast cancer. Lancet, 2, 1092.

Edelstyn GA & MacRae KD (1979) Trials of adjuvant chemotherapy in
breast cancer. Lancet, 1, 324.

MacRae KD (1979) Oral hyoscine butylbromide for irritable bowel
syndrome? Brit med J, 1, 752.

Doherty JC, MacRae KD & Platt NE (1979) Treatment of chronic eczemas: the
comparative efficacy of two creams. The Practitioner, 222,
561-563.

Edelstyn GA, MacRae KD & MacDonald FM (1979) Improvement in life
quality in cancer patients undergoing chemotherapy. Clin Oncol,
5, 43-49.

MacRae KD (1979) Statistical aspects of clinical trials. Chapter 21

in Greenhaigh RM & Clifford Rose F (Editors) Progress in Stroke
Research 1, Pitman Medical. Tunbridge Wells, 176-180.
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Edelstyn GA, Jeffrey L & MacRae KD (1979) Nolvadex (tamoxifen)
following combination chemotherapy in progressive advanced breast
cancer. Clin Oncol, §, 325-330.

Spittle MF, Bates TD, Kitchen G, Nicol NT, Wheeler T, Edelstyn GA
& MacRae KD (1980) Combination chemotherapy in advanced breast
cancer. Clin Oncol, 6, 153-157.

Eiser NM, Mills J, MacRae KD, Snashall PD & Guz A ( 1980) Histamine
receptors in normal human bronchi. Clin Sci, 58, 537-544.

MacRae KD (1980) An evaluation of the epidemiological evidence on the
risks of oral contraceptives. Roy Soc Med Internat Cong & Symp
Series, 31, 13-20.

Mclvor J, Massouh H, Backhouse BM & MacRae KD (1980) Lymphography in
prostatic carcinoma - implications for the diagnosis of
metastases. Brit J Radiol, 53, 74-80.

MacRae KD (1980) Thrombosis and oral contraception. Brit J Hosp Med,
24, 438-442. '

MacRae KD (1981) Thrombosis and oral contraception. Brit J hosp Med, 25,
205-206.

MacRae KD (1981) Thrombosis and oral contraception. Brit J hosp Med, 25,
421.

Wiseman RA & MacRae KD (1981) Oral contraceptives and the decline in
morality from circulatory disease. Fertil & Steril, 35, 277-283.

Donaldson JD, MacRae KD & Parks TG (1981) The assessment of mucus
substances in gastric juice from duodenal ulcer patients and normal
subjects. Scand J Gastroent, 16, 235-239.

Wheeler TK, Edelstyn GA, Bates T, Brinkley D, Evans RGB, Kitchen G,
MacRae KD, Nicol NT & Spittle MF (1979) Four-drug combination
chemotherapy following surgery for breast cancer. In Jones SE &
Salmon SE (Editors) Adjuvant Therapy of Cancer II, Grune &

Stratton, New York, 269-276.

MacRae KD (1981) Health risks of oestrogen therapy. 1 Endocr, 89,
145-148.

Eiser NM. MacRae KD & Guz A (1981) Evaluation and expression of

bronchial provocation tests. Bull Europ de Physiopath Resp, 17
427-440.
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MacRae KD (1981) Thrombosis and oral contraception. Brit J hosp Med, 26,
185-186.

Wiseman RA & MacRae KD (1981) Oral contraceptives and circulatory
disease. Fertil & Steril, 36, 414-416.

Law RG & MacRae KD (1982) Head circumference as an index of fetal
age. J ultrasound Med, 1, 281-288.

MacRae KD (1982) The pitfalis of historical controls in clinical
trials. In Baum M, Kay R & Scheurlen H (Editors) Clinical
Trials in Early Breast Cancer. Birkhauser Verlag, Basel,
312-315.

MacRae KD & Wright JT (1982) Analgesia and satisfaction in
childbirth. Lancet, 2, 992.

Donaldson JD, MacRae KD & Parks TG (1983) Comparison of mucus
substances in gastric juice of normal subjects, duodenal ulcer,
and dyspeptic patients. Europ surg Res, 15, 11-17.

Wright JT, Waterson EJ, Barrison IG, Toplis PJ, Lewis IG, Gordon MG,
MacRae KD, Morris NF & Murray-Lyon IM (1983) Alcohol
consumption, pregnancy, and low birthweight. Lancet, 8326,

663-665.

MacDonald AJR, MacRae KD, Master BR, & Rubin AP (1983) Superficial
acupuncture in the relief of chronic low back pain. Ann roy Coll Surg of
England, 65: 44-46.

Price LA, MacRae KD & Hill BT (1983) Integration of safe initial
combination chemotherapy (without Cisplatin) with a high response

" rate and local therapy for untreated stage III and IV epidermoid
cancer of the head and neck: S-year survival data. Cancer Treat
Rep, 67, 535-539.

Van Riel PLCM, van de Putte LBA, Gribnau FWJ, MacRae KD &
de Rooy DJAM (1983) A single-blind comparative study of
auranofin and gold thioglucose in patients with rheumatoid
arthritis. In Capell HA, Cole DS, Manghani KK & Morris RW
(Editors), Auranofin. Excerpta Medica, Amsterdam, 135-145.

McCollum C & MacRae KD (1983) Prevention ot drip phlebitis by inline
filtration. Brit J Surg, 70, 449.

MacRae KD & Wright JT (1983) The controlled clinical trial and the
advance of reliable knowledge. Brit med J, 287, 1217-1218.
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Wright JT, MacRae KD, Barrison IG & Waterson EJ (1984) Effects
of moderate alcohol consumption and smoking on fetal outcome.

In Porter R & O'Connor M (Editors) Mechanisms of Alcohol

Damage in Utero (CIBA Foundation Symposium 105). Pitman, London,
240-253.

MacRae KD (1984) What epidemiological studies can tell us. J Obstet &
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EXECUTIVE SUMMARY

The purpose of this monograph is to review experimental daa dealing with stnokeless wbacco
as a possible cause of oral cancer. This review has been undertaken mainly because anecdotal
reports and epidemiological studies have raised a question about the relationship berween the
use of smokeless tobacco and oral cancer in humans. However, the anecdotal reports lack
scientfic mdcr;;inrﬁng while the epidemniological studies are confounded by a number of other
factors which are associated with oral cancer. These include poor oral hygiene, $ocio-economic

starus, diet and alcohol.

Long-term studies in experimental animals of different species indicate that smokeless tobacco
1s not carcinogenic in the oral cavity. When the epithelium of the hamster cheek pouch was
exposed to large quanutes of smokeless tobacco for long periods there was no resulting oral
cancer although paralle] studies showed that the cheek pouch epithelium was sensitive to known
chemical carcinogens at much lower levels of exposure. In studies in which smokeless obacco
was inserted into a surgically- constructed lip canal in the rat there was an incidence of tumours
of the connectve tssue and the epithelium of adjacent stuctures. These mmours can be

explained however by the mechanical rauma of the procedures used.

Chermucal analysis of smokeless tobacco indicates the presence of a class of compounds called
tobacco specific nizosamines (TSNAs). Some of these compounds, when tested in pure form,
1¢ 1solated from smokeless tobacco, cause both benign and malignant mumours in some organs of
laboratory rodents. These TSNAs, however, do not cause cancer in the oral cavity of
laboratory animals. Their carcinogenic effect in the other organs is considerably reduced if the
cxpenmental animals are treated with cermain plant products, including tobacco itself, just prior
to or at the same tme as exposure to the tobacco-specific nitrosamines (TSNAs).

Examinaton of the mechanisms by which TSNAs are metabolised in mammals has confirmed

' that, like other carcinogenic nimosamines found in food and other plant materials, they form

metabolites which are capable of interacting with cellular genetic material such as DNA.
However, the production of these agents in the different organs of experimental animals does
not correlate very well with the sites of umour formation. Some of the plant products such as
alkylarylisothiocyanates, which are commonly found in cruciform vegetbies have been shown
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to reduce the carcinogenic potential of TSNAs in lor!g-ua'm animal studies and they also inhibit
the metabolism of TSNAS to agents which interact with DNA.

For many years mutagenicity studies have been used as indicators of potential carcinogeniciry.
Smokeless tobacco itself, because of its physical nature, cannot easily be tested in experimental
mutagenicity procedures but the TSNAs and extracts of smokeless tobacco have been shown to
‘be mutagenic. The observarion of mutmgenicity is suppored by the demonstasion that
mewbolic products from TSNAS interact with DNA. In the absence of results from long-term
animal studies these mutagenicity results would have been interpreted as indications that
smokeless tobacco was potendally carcinogenic. However, the negative results in the animal
carcinogenicity studies are better indicators of the potential carcinogenicity of smokeless

tobacco than the results of the mutagenicity tests.

Some viruses. particularly the herpes simplex virus, are associated with the incidence of cancer.
It has been shownupaimcnanymatthmwasahighmcidcnceofmalmhhgmsm
when snuff was applied repeatedly to the oral cavity if an active infection with herpes simplex
virus was artficially maintained for the whole of the experimental period. No tumours were
observed in hamsters or rats meated similarly with stnokeless tobacco when the virus infection
had been allowed to become dormant.

Overall the experimental stdies support the conclusion that smokeless tobacco has not been
shown to be carcinogenic in the oral cavity of laboratory animals.
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1 HISTORICAL BACKGROUND
1.1 Introduction

The tobaceo plant (Nicotiana mbacum and N rustica) is thought © have originaied on the maintand
between North and South America over 7000 years ago and its cultivation is of considerable anriquiry
(Voges, 1984). ‘According to Christen er a! (1982), American Indians were the first 1 smoke, chew and
snuff tobacco. Thcoﬁginsofdnsehabiumbamanﬁqmtymmchwsmmmnﬂtymyhve
aﬁoﬂedsancmhcfﬁmnﬂnﬁgomsofﬁfcinﬂmemduuﬁmsaswenasbdngaphlszmucpaaime.
Thus. according to Heimann (1960) and Stewart (1967) the explorer Amerigo Vespucci thought that the
inhabitants of a small island off the coast of Venezuela chewed tobacco t quench thirst because the
island was very shon of water and chewing tobacco induced profuse salivation. Chewing wbacco was
alsofoundxoassuagcthccﬁcctoffaﬁguemdl’nmgaaswenasuﬁrs:infacz.ithashmrcponedt!m
an Indian could ek for 2 or 3 days with no other suppon than wbacco. Tobacco was also thought o
have medicinal properties by the Indians and 10 be a good cleansing agent for teeth. No doubt, the
ﬁbmusnamr:oftr:tobaccomayhavewmmeﬁecuvcmhmmﬂ:mdmymrm

suitable material.

Tobacco was imoducadmwﬁumpesoonaﬁcrdtdismveryofﬁ:mmmmdby-dn
beginming of the 17th cenmry it arrived in Turkey, Russia. Arabia and the Far East (Axton, 1975).

1.2 Chewin.g tobacco

According o Gousegen (1940) and Brooks (1952) tobacco chewing became popular in Eastem USA
during the first half of the 19th century and the custom spread o Europe. Tobacco chewing was found
10 be a good substnute fors’nokingbythoscmco\udmtsxnokcormwcmpmvmd.ﬁomdingm.
for example, sailors dtufedwbaccobccauscofabanmsnddr\gwﬁdxemsﬁnmdaﬁrehzwdm
board (Brooks. 1952). The belief in the beneficial effect of obacco chewing against illness was also -
prevalent in Europe and no doubt helped 10 popularise the product

There was an undesirable side to the practise of chewing tobacco. Some users expeciorated the chewed
cud indiscriminately. thus creating a muisance in public places while the advent of the germ theory of
disease led to the fear that mdapncdcsmaymtascﬁmhmmwmmwcﬁssunhuﬁxgm
paricularly mberculosis (IARC. 1985). Thus the practice of chewing tobacco became less popular
towards the end of the l%mmrymd'lhcbcsimﬁngoftheMwmryhnissdnwidspludMy.
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13 Inhaled powdered tobacco

The practice of inhaling powdered wbacco is thought 1 have criginaed among the Indians of Brazil
They ground the wbaceo leaves o a powder in a rosewood cup and inhaled the powdered leaves via
omate bone wbes (Curtis, 1935). According to Christen er a (1982) and Stewart (1967) the practice of
mmnngpowdemdmbaccohammwidesmudmmgﬂzhﬂnbhmdwwmdm&ﬁbm
Islands, nombly in Haiti and the lesser Anrlles. Smﬂ'medelnwebymwsofﬂz
mﬁmdiﬁmofColumbusmuchwWaldmduﬁmhmdmg!nbmmedidml
properties. mmmammmulywmmnmmmmma
socianyacccptablepncﬁcepardmuaﬂymEumpc. Smﬁuxreadedapeakin&gimmﬁngﬂ:!d@
of Queen Anne (1702-1714). ltcormnucdtobcpopulzrforscvcml&ca&slﬁ:rwardsmd.accadingm
recoxds.itwasusedbysevcmlpzmzimnwoplemchasLmﬂNdmmeDukeofWellingm
Alexander Pope and Samuel Johnson. ‘

14 A note on current practices

Chewing tobaceo and snuff are currently called smokeless tobacco. Snuff consists of tobacco that has
been cured and then finely ground o produce dry (Scotch) snuff (less than 10% moisture), moist snuff
(up o0 50% moisture), or fine-cut tobacco. the laner being generally considered a form of moist snuff.

The customary use of snuff involves "smuff dipping”. It consists of taking a small amount of smuff
bctwecnﬂtgingivamdciman:liporutbucmlmucosa It then either can be left for a few mimaes
and cleared by expectoration or left for much longer periods: some users retain snuff in this position for
many hours. Snuff dippers usually expectorate saliva mixed with tobacco extract

Chewing wobaceo can be obtained as plug, Joose-leaf and twist or roll tobacco. Plug tobacco is made
ﬁnmmbacco}cavawrddxmwnppcdinﬁncmbacwmdpmssedhmnnbamormns. Loose-leaf

mbaccoisfonnedﬁomfcmmeddguka!mbaccowmismmplmvnﬂcmormnm

isrddmunmwmmnmbcdemimmmmnwforscvcnlm The saliva mixed with
mbaccocxmisusuauyexpecnmm

Thcuscofsnokd&smbaccovanesmdcnblyﬁommmmhﬂ:USAmdﬁmcmmyb
country in Western Europe and the Far East (Huruer er al, 1986; Marty e al, 1986). In the USA the
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amanofudngsnok:lesmbamkpaﬁun;ﬂymvam:nmgmmhxﬁmmhﬁm(@nm
@ al, 1986). The consumption of smokeless wbacco in the United States is repored w have tripied
berween 1972 and 1991 when it is estimated to have involved 5.3 million adults (Ancn. 1993). These
smokeless wbacco users were predominantly men 4nd represented 5.6% af the adult male population
mwwmmummmmmmmmmmnmm
inversely correlated with the number of years in education lnSwedmabunw%oflduhmalslm
moist snuff (Lewin ez al, 1994).

Rmﬂydtmgmbacmhubemoﬁuedmummdmedmfabﬁcmaeﬁnof&metypenm
used in making tea bags. Aboutlmofmbaccoiscumimdinabumndy?squm. The
bagisplacedbctwemtmgingivaandtmd:ed:mdisdﬂmleﬁin:imordnwedmmmmmly. This
mcmodofprr.semingmuffmbaccoallowscmctimofrﬁccdnebysalivamdimpwvesonlhygiath
tobacco chewers by retaining the fibrous residue in the bag.

Over the years there have been many articles in the scientific literature dealing with smokeless tobacco
and oral cancer. Ammberofepidaniologicalsmdieshvebemcmdnaedtomm
smokeless tobacco is associated statistically with this disease (IARC, 1985). The results of the
epidemiological studies are inconclusive. In addition, a large amoumt of experimental work has been
carried out 1o investigate the possible carcinogenicity of smokeless tobacco. Various models have been
employed in this endeavour. The purpose of the current monograph is 1 review the results obtained in
expenmental research with the smokeless 10bacco products used in USA and Westem Europe. The
monograph does not deal with cigarene tobacco or the smokeless 1obacco products used in Asia because
these are substandally differerz from US or Westemn European smokeless tobacco. The Asian smokeless
wbacco products frequently incorporate materials such as slaked lime and betel nut

2 LABORATORY ANIMAL STUDIES ON WHOLE SMOKELESS TOBACCO OR
TOBACCO EXTRACTS

2.1 The hamster cheek pouch

mmrwsmmomudmmmdmmwu:mmwtﬁm»mhmﬂtommhym
hcundcmeathmcmusd:soﬂhcd'nckhmccmcname"checkpmdns“ The openings of the pouches ke
in the anterior pan of the oral avuyandmassocmdwlmsmallsahvaryghndsw!nchpmdwcbom
serous and mucous secretions.  The pouches extend backwards along the oral cavity but do not reach as

far as the oropharyngeal junction

ny
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Hiswologically, the epithelium of the cheek pouch is strarified squamous. It is 2 1 4 cells thick and
consists of a well-defined basal layer (but no rete pegs), a spinous layer, same granular cells and a
slightly kerarinised strarum comeumn.  The connective tissue layer undemneath the epithelium (lamima
propria) cOMAins no accessory structures but may comain unusually large fat cells A layer of
longimdinally arranged skeletal muscie fibres is found undemeath the “lamina propria”™ and outside the
muscle there is a layer of loosely packed arcolar tissue. These two layers form the submucosa which in
tum is covered by dense subcutaneous tissue and skin. Basically, the cheek pouch is surrounded by
skeleral muscle and loose areolar tissue. When the pouch is separated from the surrounding tissue, the
line of separation occurs at the layer of loose areolar tissue.

Functionally, the cheek pouch stores half-chewed food which is pressed out as needed. Tobacco and
snuff, when introduced into the pouch. remain in siw for several hours and small amoums are
periodically extruded and chewed (Shklar er al. 1985). Thus, the hamster cheek pouch facilitates the
study of prolonged exposure of the oral mucosa 10 tobacco products.

One of the earliest studies of the possible carcinogenicity of smokeless tobacco was carried out in this
mode] by Peacock er al (1959. 1960). The authors questioned the relevance of the tumours obtained in
carier studies involving repeated paintings of distillates of cigarette tobacco an mouse skin for assessing
the camanogenicity of unbumed tobacco. They therefore selected the hamsters’ pouch for conducting
their sudy. In the authors’ experience, absorpton of compounds from the pouch into the systemic
arculaton was slow. For example, implantation of 40mg srychnine (8 times the minimum lethal dose

- for hamsters) into the pouch did not result in the rapid deaths which would have occurred from direct oral

dosing and some of the animals survived indefinitely. The slow absorption meant that prolonged contact
was possible between the material inserted and the epithelium of the pouch.

In their expenments Peacock er al. (1959 and 1960) used 124 hamsters (sex unspecified). After
dissectng out the cheek pouch and widening the oral opening of the pouch, the authors insered 10cm3 of
snuff or 2cm3 of chewing tobaceo plug and then ligated the sac and remmed it 1o it original position
undemeath the cheek muscle. Sixty (60) hamsters received the snuff and the other 64 received chewing
obacco. The iest material was implanted in the left pouch while the materials used as contrals (sand or
some bland material) were implanted in the right pouch Refilling the cheek pouches with smokeless _
tobacco was anempred in a few instances but this resulted in leakage imo the surrounding tissues and
subsequent death of the animals. A mild chronic infection, which appeared o be self-limited, occurred in
a few of the pouches and did not progress beyond 3 weeks. The experiment lasted 30 morths. In the
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group that received snuff, 39 died within the first 12 months, 11 within the next 12 months and the 10
survivors within the next six months. In the group thar received chewing t0bacco, 43 had died within the
first 12 months, lBWhlema@suﬂ&;mﬁﬂg!Wﬂrmﬁmaﬁs No mmours
were found in the mucous membrane of the pouch or oral cavity in any of the groups.

Dunham and Herold (1962) investigated the possible carcinogenicity of stuff in a group of 35 hamsters.
The snuff was incorporated into a beeswax pellet and inserted through an incision into the isolated cheek

' pouch. After insention a 4-5 mm loop of steel wire was made around the neck of the pouch The pellet

conuzined 20% of snuff and was left in place until the end of the experiment at 2 years. An inflammatory
lesion of the pouch was observed in only two animats. No umours were observed in the pouch or oral
cavity. The laboratory carcinogens 7,12-dimethylbenzanthracene (DMBA) and 3-methylcholanthrene
(MCA)wcmmcorpomwdmmbmwaxinutmcwayasmuffmdinscmdhmtt:dnekpou:hof?l
hamsters and served as positive controls. Serial killings in this group during the first five months showed
xrzdcvelopmcmofacuxzinﬂammaﬂ&xulocmimandmaodsofﬂ:mmmbnncofﬂzdn&
pouch. Several carcinomas and sarcomas developed in the positive conmols after 6 months.

lnalamrexpcximembyDunhzm.Mdrdeanmr(l%)muﬁmmdinamof?hammxs.
At the ierminanion of the experiment the average age was 99 weeks. Fifty (50) mg of suff were inserted
byamﬂdmmspcanmmdﬂyfmsmdaysmwmmmm
cxccptmxmﬁxstxwoweeksmuammmadmimsmredwasﬁmm Starch powder was
used as a negatve control. There were no reactive changes or umours in the pouches of hamsters treated
wath snuff or with starch powdet. Inmmcrcxpeﬁmanmwidlhmhmwdsoapﬁmipalamhor.
chowconm'mng25%ofsnufrmoffcredtoagmuponmalcdefunalehmmdailyforSdaysa
week for up 10 2 years. No wmours were observed (Dunham, Snell and Stewart, 1975).

Homburger (1971) investigated the possible carcinogenic propertes of smokeless tobacco by using the
oral mucosa as well as the cheek pouch of hamsters. He immobilised the animals’ heads by a stanchion
for 30 munutes each day, which allowed snuff 1 be applied with an automatic canridge filler w the
gmg:volingualma.includingﬂzupperpmofﬂtbuccalm One experimemt was terminated at 8
mmthsacconﬁngmthcaumor'snblc(SOwuksummgmutm)becanscoflﬁghmmﬁty. In
anomcrcxpcrimcmgmupsof%malesmdﬁfunﬂsmaﬂoaedma:ofuzfonowimmm
snuff, coaon (dry. as control), benzo(a)pyrene (BaP) and DMBA. The snuff was applied neat, while the
carcinogens were applied on absorbent conton as 0.2mi of 2 0.5% solution in acetone or peanut oil. Daily
cxposureomnnuedfora:ywcxccptforDMBAwhdzwuwﬁedmzaﬂyfm%mm
ammals’ health deteriorated. The experiment was terminated after one year.
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Ommalcandtwoiumlcswuelostﬁunmmdms In contrast, the numbers of survivors for
mlsmdf:malsrspecﬁvdymuzmmmmmymmlsmdu.hnmﬁm
group 15 and 9. in the BaP treated group 17 and 7, in the DMBA group 10 and 4.

th&mofhmmnhmmmﬁmmﬁmmdmmmmkm
memﬂymmﬂxpmﬂyb&m&co{umeﬁwdmm In conmast,
mmmdmmmwammmmﬁmmmm;mesomdmm
aumosamibuwdﬂ:!ﬁghmomhrymwvialtﬁﬂocaﬁmblwgmlbunbyﬂ:mgghlgﬁm
restraint.

The epithelium of the Lip of the oral caviry andofﬂtdnd:poud:ofﬂzammﬂsmdmm
showed only minor changes compared with controls. Focal epidermal hyperplasia (ie. an increase in
celis) was obscwedmaoscopicanymeuﬁexpmeddeWMammﬂs(scxwmdﬁed).
OncMugximmour(papinoma)wasfmmdheachofﬂtemff-emedmdmmolmps.

A marked hyperplasia and metaplasia (chzngeirlcellmm'phology)mamedi!lﬂtmjoﬂryofmimals
weaed with BaP.  Similar but less severe lesions occured in hamsers meared with DMBA. The
difference in severity of the lesions induced by DMBA is probably due to the shorter duration of
weatment Nevertheless, 10squamousc=nczmnmnas.3muzpwdz.smmesunmzmmemom_ |
dcv:lomdinthcDMBAcxposcdgmupwrtrcasanySumourswemobsuvedinﬂtgiwpofnimals
teated with BaP, one cach in skin, oral and pouch mucosa.

In another shon-term study with male hamsters, 70mg of finely powdered snuff or 50 © 100mg of
coarser tobacco wcmmuoduceddaﬂyforzommmﬁtdnekpoudnofmofzomm. The
expenment was terminated at 20 weeks. While no significant pathological changes were observed in
these ammals there was a slight diminution of mitotic actvity and an increase in languhans cells
(Shklar er al, 1985).

Similarly the daily application of 2g of commercially available American snuff to the blind end of the
ngmbucalpouchofagroupot'SmaJ:hamsmsdzﬂy.SdaysaMfor6mmﬂn(t=uninmdu6
months) resulted in hyperplasia (increase in cells) of the buccal Cavity epithelium. A roughening of the
surface was observed by scamming electon microscopy while visually whitish patches were observed -
(Worawongvasu. er al, 1991). No focal praliferative lesions or tumours were found.
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Cormment

The invesuigation carried out by Peacock er a/ (1959-1960) and Dunham er al (1966) on the hamser
cheek pouch provide substantial evidence that smokeless Wwbacco is not carcinogenic.  Although there
wsaﬁ@mmﬁwmuaﬂymMMmmmeuﬁmﬂsmwumdup
o 30 months in both studies. Despite the relatively small number of these survivors, the duration of
expommwas'ptdmgedmghmaﬂowdﬂeaimpf:mdmguﬁ:cﬁea.mamkn
Observarions from shor-term studies suppor this view. Thus the daily insertion of snuff for about 5-6
mmmmwyanﬂdhyperplada(mmmcenmba)wimansignsofﬂﬂynmm
dcvclopnanmchasdysplma(abmxmalacndlmnmmmepmthum)orfwdmhfennvem
(Shklar er al, 1985; Wonwongvasu etal, 1991).

Funhcnnon:.mcdcvelopmmofmmomsmmcdndcpwdxbyurdassialpolycycﬁcamaﬁc
hydrocarbon carcinogens. BaP. MCA and DMBA., after a latent period of only a few months (Dunham
and Herold, 1962; Homburger er al, 1971) clearly indicates that the cheek pouch is sensitive o
carcinogens. The absence of the production of any mumours (including benign) or of lesions considered w©
hcraldthcpmducﬁmofmophsiabymuﬁismmgconmﬁmuuﬁmofwdmmmd
supports the view that snuff does not possess any carcinogenic properties. Furthermore no increase in
systemic wmour ingidence was reported in any of the sdies.

2.2 Topical application

The identification of cenain carcinogenic tobacco-specific nitrosamines (TSNAs) in smokeless tobacco
raised questions about smokeless tobacco. Hecht, Rivenson e7 af (1986) devised a protocol in which
groups of rats were treated by applicarion o the oral cavity of cither aqueous extracts of smuff, aqueous
exmacts of snuff 10 which 10 times the innate concentratons of N- nitrosonomicotine (NNN) and 4-
(methylmuosamino)- 1-(3-pyridyl)- 1-butanone (NNK) had been added. or aqueous solutions of NNN and
NNKequalxomeamownaddedmmuﬁ’exm(seealsoSecu’un3.2m3.3ofmis_mmognm).
O.Smlofeachofthcs:soludanwasabsorbedmxoacoumswabandpaimadovaﬂconlavitymd
Lips of rats unil the entre amount in the swab has been used. This procedure was carried out once a day
for the first seven days. meadsz-BixwuamedoutmdaﬂymMymdmmysm
twice a day on the other days of the week and twice daily from week 24 w0 131. The experiment was
termunated at 131 weeks. Nommomswemobsewedinmcgroupofwmsuundwuhmﬁm
NNNandNNKpmdueedasuﬁsdcallyn'gmﬁmtinausembmignnnnmofutonlmnmsa. Smuff
exuzczauid:edwimu:sameammnuofNNNmm.m,mmamm&m
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b:nignnnnmnscv9.saeTable4)mggs:mgmnnm.ormcmmufmﬁ.myhavem
inhibitory effect on the tumorigenicity of nitrosamines.

mammmmm(mmaalm)nwmmwmm
by various devices for periods of 3 to 7 years. No neoplasms were found after these reatments.

Cormmmment -

When snuff or snuff exzract was topically applied to the oral mucosa of laboratory rats, results did not
indicate 2 carcinogenic response. The presence of snuff extract reduced the incidence of benign mmours
caused by the topical application of NNN or NNK suggesting an inhibiting effect of the snuff or some

componemnt of it
2.3 Dietary administration

DiPaulo (1962) fed male Wistar rats diets containing dried snuff for 18 months and male mice (DBA or
C57 Bl suzin) for 15 months. There were 40 rats, 34 DBA mice and 16 C57B1 mice in the treated
groups at the beginning of the swdy. mdimrycammmofdmdsmﬂ’wmappmmmyS%
for the rats and 25% for the mice at the beginning of the study falling by stages t 5% at the end. The
snuff-wreated groups had statistically significantly reduced body weight and survival compared with the
controls. Hiaopamm%ywascamwwxmdsmswﬁchappemedmyabmrmalmdﬁsw
“few pathological changes”. In the snuff-treated groups one rat had a kidney sarcoma and there were
leukaemias in one rat and in three DBA mice. No malignancies were reported in the controls although
xhcaumorsmanthatmmoursmrspmmemslymmseammals. No malignancies of the oral
cavity or upper alimentary tract were found in the snuff-treated test groups.

Homburger ez al (1976) having previously obtained negative results using the hamster cheek pouch (see
Sccﬁmll)mnwdtoﬂ:diemymformmmmvsugmm According 1o the authors' text SO0 male
hamsters were employed in this swdy. 250 of the BIO 15.16 swain and 250 of the BIO 87.20 stain.
MWa.MgmMWedmmmWrMMMMMMM
mha:nsmrsofeadxsminwuedividadmmSgrwps. The first and second groups were given a diet
mgmm.mmwmmnmmmmsomgdsmmm
(MCA) by gavage (frequency not staied). The fourth and fifth group received a low dose of MCA -
(ijngOdoses)byg:vage.aswcuasadietcmnzimngdmerMMCAormsmﬂ'.
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Food consumpton was reduced in all animals receiving the diet containing snuff but the difference was
not strnstically significant The body weight of hamsters of the BIO 87.20 strain maintained on 20%
mﬂmdgﬁﬁmﬂymmmfammmwmemgimmﬁmMCAbym The bodyweight of

_the BIO 15.16 hamsters dosed with snuff was anly slightly reduced.

The experiment continued for 2 years at which time it was terminated. Twenty-two out of the tweal of
lwwsuuwdvdmlﬁghdoseofMCAhaddiedduﬂngmeﬁmym.hndy100fallt=n:ining
animals died during this period. Cotinine was detected in the serum of animals receiving smuff.

Nommmwrhﬁmmmmuﬁmﬂskdmnﬁmmmmm&m
indican'ngﬂmﬂzcanmem’albundofmuﬂ'usedmdﬁsmldymmtwa’xwgaic(rablcﬁ.
FomaomachnmmmobscwedmuﬁnemofuhmnmmmcdvmgMCAmmmgvm
of these were malignant nmfmmammmmofmdlmmmahmmobwvedm
hamsters treated with MCA and snuff.

Comment

Dietary studies with snuff clearly indicate that it is not carcinogenic.

‘I'hc study by Homburger er al (1976) is valuable because it lasted for approximately two years and was

| camed out on adequate groups of animais. Furthermore the concentration of snuff was 20% of the diet -

a proporuon much higher than that normally used for non toxic material (5%) - suggesting that the dose
level was sufficiently high o reveal any carcinogenic potential.

'I'heimlus’onofcdluloseasa“ncgaﬂw"mdofMéAasa"posixive"camolﬁmheraddsmﬁr
importance of this smdy. MCA'sclcadycara‘mgmicpmmdngmminthefaesmamﬂt
glandular stomach and intestine. lnsuongconmﬂmwcreafewunnmmthcfmmmhmlyh
groups dosed with snuff and cellulose. 'mcfmadaismorgmwd:ishmmbemto
develop mmours in rodents if subjected to repeated rauma. There is an indication that snuff might have
anixﬂﬁbiﬁngeﬁeamnunmrpmduaimbyMCAsim:ﬂzmmbcrofnnnmnsinduadbymﬁ'md
MCA is smaller than those induced by cellulose and MCA.
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24  Artificial lip canal in the rat

Hirsch and Thilander (1981) developed a rat model that sought © simular buman “dipping” by
facilitating contact between snuff and saliva. Using microsurgical techniques, they created an artificial
canal in the lower lip of a young adult rar which was open at both ends and which was lined imemally by
mucosal epithelium and extemally by skin from the lip. Tobacco or similar solid products could then be

insened and replaced readily as required by the experimennal proweol. The authors do not stre the

interval of time berween the operarion and the first insertion into the Lip canal ‘qu:ennmnnnally
caused 2 marked inflammatory reaction but in one animal, killed 14 days later the reaction had almost
completely subsided. Al this tme the lumen of the canal was covered by keratinised squamous
epithelium which was acanthotic (5-10 cell layers) with rete pegs projecting into the submucous layer.

Asfa’rumccmldasccmin.metissuct:actionatﬂtsitcofmrgaywasanowdmhealbefoxbdng
used for experimental purposes. The test material was injected from the Lip side into the arificial canal
byaphsﬁcsyﬁngemﬂcxcessmuﬁwupmsedmthmghﬁthmlupmﬂ.mhgmpl&'
filling of the canal. The authors found that this model could accommodate approximately 0.29g of
powdcmdmuﬁwﬁchmspmdswammmseoflmbodywdgm(apmmystimsn:
amount 2 human might use). The insened material was retained for 5 1 8 hours and was accompanied
by “hypersalivation” and an increase of biood nicotine from 13ng/ml (in one control) to 83 and 250 ng/ml
(two arumals). After a twice-daily application of 0.2 w 0.4 g of powdered snuff for 9 months the
cpitheliumofﬂ:cmalwasmﬂdlymmodmmlyhyperphsdcmdﬂ:adjammedm
exhibited an inflammatory reaction which varied in degree from mild 10 severe (Hirsch and Thilander,
1981). This model was utilised by Hirsch and Johansson (1983) 0 study the effect of long-term
applicanon of snuff on the aral mucosa of the rat These authors insented 0.2g of standard snuff or snuff
mademorcalkalimﬂnnmnmlbymcaddiuonofsodimnwbonaxzi:mmuﬁﬁdanymdﬁpcaml
rwice daily for 9 to 22 months. Out of 42 male and female rats that received the standard smuff, groups
of 6 10 8 of each sex were killed at 9 and 12 months. The rats remained healthy up to 18 months, after
which there was 2 decline so that the remainder were killed berween 18 and 22 months when moribund.
The 10 rats that received the alkaline snuff were killed when moribund berween 18 and 22 months. The
15 msmtlzconuolgmup(wtndmhaduzhpanalbutwe:enotuuxedwuhsmﬁormyuha’
matenial) were killed in 3 groups a1 9. 12 and 18 months.

Thcsquzmousepiﬂ:hmof:tzczmlexhibiwdagmcnliwdnﬁldtomwenchypetphshlfmr9m 12 -
months of reamment with standard snuff, but foc of severe hyperplasia also occurred. A disturbed
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polarity of epithelial cells was observed in some of the foci The underiying cormective tissue exhibited a
mild 1 moderate inflammatory reaction at 9 months.

mMcﬁwhdasmﬂzmmuumbmu@MMymmdmgssh
experimen progressed but the fibrosis which was cbserved in the submucosa at 9 months became more
prominent later on. mmmwmmwmmmum&mﬁpmAw
_ similar to that produced by standard snuff while only 2 minimal to mild epithelial hyperplasia was
observed in untreated controls. A single invasive squamous cell carcinoma was found in the oral cavity
of a rat which had been treated with standard snuff for 82 months which was considered © be
spontaneous or induced by treamment. The exact site of the carcinoma within the oral cavity was not
specified by the authors. Rats which had been exposed to snuff for 10 © 22 months had a marked
papillary hyperplasia of the forestomach, an organ not found in humans (Hirsch and Johansson, 1983).

The appearance of some dysplastic foci in the hyperplastic epithelium of the lip canal in animals
repeatedly treated with snuff prompeed a follow-up investigation to find out whether these dysplastic foci
would be followed by the development of wmours if oeannment ceased (Hirsch, Larsson md Joh:msm.
1986). 0.2g of commercially available snuff were inserted rwice daily into the artificial lip canal of 30
male Sprague Dawley rats for 13 months. Ten rats were killed at the end of the ueannanpmod.mmher
10 were killed one month later and the last group were killed 4 months after cessation of oeatment. Ten
conxmlratswcmsubjeaedmﬂzsamcsmgicalpmaedmbutmleﬁmmdmdmkmddﬂt
13th month of the study. Histologically. a slight hyperkeratosis and acamthosis was present in the
mucosal epithelium of the lip canal in this group but the rete pegs were not prominemt and the
mflammatory reacuon in the subepithelial tissue was mild or absent In the test animals idlied at the
same ome there was a mild 1o moderate squamous hyperplasia and hyperkeratosis. Acanthosis was
slight or moderate with marked development of reic pegs and focal atypia in the basal layer. The
inflammatory reactnon in the submucous comnectve tissue varied from slight o severe but fibrosis was
prominent and severe in all animals. The reacton of the mucosal epithelium and the inflammatory
infilrate were less prominent afier 1 or 4 months’ u:aunaufxeepcnodbmth:ﬁbmnsmmd '
unaltered.

Ulceration and a2 moderate 0 severe hyperkeratosis and hyperplasia were observed in the gingival
cpithelium of treated rats killed at 13 and 14 months but the lesions were much less severe in rats killed
afier a reamment-free period of 4 months. The epithelium of the tongue and buccal mucosa in treated rats
was slight 1o moderately hyperplastic at all ime points of observation
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mmmmmmwymwmmnmmdmmu
oral cavity of rats (Hech. Rivenson ez al, 1986). SOmg of smuff, obtined commercially, was imsened
into the lip canal from the oral caviry side using the cap of a JELCO catheter placemen unit and a steel
plunger. Insertion was made five times weekly for up o 116 weeks in a group of 32 male F344 rass,
The solid remaining after extracting smuff with water and filtering (extracted smuff) was air-dried and
insened into the Lip canal of 21 rats daily in the same way for the same number of weeks. The filtrare
was lyophilised and then brought to the consistency of moist suff by the addition of water. It was then
mixed with commercial snuff and 50mg of this mixmure (designated enriched snuff) was inserted once
daily in the lip canal for 116 weeks in a group of 32 rats. Ten animals which were subjected o the
surgical construction of the lip canal were left untreated and served as commols. No mmours were
observed in the oral cavity of the conwmols. Twommours.mcofwﬁchwasmalimdevelopadmﬂz
cpixhdiumofuzhpcmalmdmmwna:papincmanfuehmdpam:inﬂzgrwpmmdm
commercial snuff. In the group treated with extracted snuff one rat had a papilloma of the tongue and
another a papilloma of the hard palate. mmummmmwmmm-mma
papilloma of the floor of the mouth (see Table 1). No sarcomas were reported. The authors state that
the incidence of tumours in snuff-mreated rats was not Staristically significant compared o the controls
although the incidence was higher than in some other studies with F344 rars.

Non-specific lesions of the oral cavity including hyperkeratosis, acanthosis, chromic or acute
. inflammadon and granulomas were observed.

Comment

The ardficial lip canal model has some merit in the investigation of oral carcinogenesis in that the canal
1s readily accessible forinsertimofxcstmaxcrialsandsaﬁvaanmﬂtczmfmmtmmwthinapims
amounts. Furthermore. absorprion of eluates, exemplified by nicotine absorption (Hirsch and Thilander,
1981) may take place readily from the lip canal so that any carcinogenic substances eluted from the test
material may be absorbed and may have the opporturity of reaching distal organs. . :

Unfortnately, however, there is a major drawback in the model which raises substantial doubts about
the value of the results obtained. This drawback is the fact tha the surgical procedure itself creates a
marked inflammatory response. Although the inflammatory response subsides within 2 to 3 weeks of the '
operation. it leaves 2 mildly hyperplastic epithelium with minimal amounts of scar tissue formation

(Hirsch and Thilander, 1981). In the study by Hecht, Rivenson et af (1986) the insertion of smuff was
bcgunmmwcdsaﬁ:rmrgcwmdudswinhanmcﬁvmdﬂtMammpmmmh
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marked epithelial hyperplasia and a progressive increase in scar tissue which would have persisted so
long as wreaument continues (Hirsch and Johansson, 1983). It is well known that proliferative reactions of
ﬁsmheﬁMﬂmMﬁmmmmludmwwwﬁmhhMMsm
in the absence of any chemical carcinogen (Anderson ex al, 1991; Clayson et al, 1991; Poynter and
Selway, 1991, Ingram and Grasso, 1991). ‘

The number of epithelial mmours in the kip canal studies is low and a high proportion of them is benign.
'I'hispicmrcisweﬂinkscping“dmﬂtlowinddumofnmominmmsh'norhhdkrepiﬂzﬁlmin
mincandmspmducedbyirﬁummmﬁals.mmmammmmfumdinmm
which lasted 14 months and in which treamment was carried out twice daily for 13 months (Hirsch et al.
1986). suggests that the tumours observed in a subsequent investigation by Hecht et al (1986) may have
originated after 13-14 months treatnent A latent period of this sort of duration is in keeping with that
observed in the experimental induction of mmours by agents inducing persistent tissue injury (Grasso,
Sharrant and Cohen, 1991). Funhermore, the experiments with snuff in the lip canal are lacking i
adequate controls. For example, no biologically inent material such as cotton woal was inserted in the
controls. Inszcad.thccmnolgrmpwasmtsxbjeammyﬁmhcrmmipuhﬁmwhﬂcmemuﬁmals
wcresubjecwdmd'nmpenedzpplicaﬁmofmﬁveormodiﬁednnlﬁ.amwtid!mmhvdve
considerable trauma judging by the severe epithelial and connective tissue reaction that is provoked by it
(Hirsch and Johansson, 1983).

‘nms.mcinvesu‘gadonsusingtheuﬁﬁciallipcamlmodclhavcmsmwnmaxmuﬁ‘possesscsmy
carnogenic activity. In our view, the marked reactive lesion seen hiswologically in the Lip canal
following repeated inserion of snuff is sufficient o account for the type and number of tumours

observed
25 Promotion studies with smokeless tobaceo

Thcnouonofanagm:innpabieofimhxcmgmmomsmimownxigmbmcapableofdoingsoifapplied
o ussue cells already "primed” or “transformed” by low doses of a strong carcinogen, arose from the
carly studies on the mechamisn ofmcerpmducn‘mmmmsesldnbyPAku'mgms The two-stage
pmuoﬁmmfcﬁwwuuzmmmmmmmmmofamm The carcinogenic
PAHsproducedsldnmmomswiﬂﬁnafcwmmmsorcarlicr\v}mappliedmpeammymmuxsesldn.
whcmcmanauandsaneotmrsubsunesfailedtopmduc:anymmmudmmedbyhmc
regimen. Ifzh:PAHwasappliedonlyafcwn'mesaxverylowdmmmmnsmmgdbmﬂrcdlsd
the skin were “initated”. Subsequent repeated croton il mrearment (promotion) resulted in a high
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incidence of wmours. The "mnitiation/promotion” model has now been shown  occur m liver and
urinary bladder in both rats and mice as well as in the skin of mice. -

The anificial lip canal mode! was used 10 investigate the possible "promoting™ effect of snuff following
administration of an “initiating” dose of NQO (4-nitroquinoline-N-oxide), a potent topically active
synthetic carcinogen on the tongue and hard palate (Johansson, Hirsch et al, 1989). A group of 150 rats
had an artificial lip canal created surgically in the lower lip. These were divided into five approximately
equal groups.

¢ Group | were treated with S50 mg snuff inserted twice daily. 5 days a week for 104 weeks:

¢ Group II were peated by painting propylenegiycol (PG) on the hard palste 3 times weekly for 4 weeks
and then left for 104 weeks without further treamment;

e Group Il were greated by painting on the hard palate a 0.5% solution of NQO in PG 3 times weekly
for 4 weeks but without further eamment;

e Group IV were reated as Group ITI except that the hard palate painting was followed by the insertion
of snuff into the Lip canal twice daily for 104 weeks;

e Group V were treated by insertion into the lip canal a cotton dipped in physioclogical saline 5 days a
week for 104 weeks. ' ’

There was a low inddence of epithelial mimours in all reated groups but none in the control groups I or
V (Table 2). Most of the epithelial mmours were berign and occurred mainly on the hard palate and
ongue. The authors concluded that there was no evidence of any promoting effect by snuff because the
wmour incdence in the group treated with NQO was the same as that observed in the group meated with
NQO followed by snuff. mmmsgmnnofﬂchpwemmozmmmwimm
alone and 3 in the group teated with NQO followed by snuff.

The possibility that snuff could promote the carcinogenicity of NQO was smdied further by Larsson,
Johansson et al (1989) in an initiation/promotion experiment combined with an investigation of the
interacnon of snuff with viruses (see Section 6.3.2 of this monograph and Table 27). lnﬂtNQOpﬁt
of this experiment male inbred Lewis rats were used but in the virus part. including controls and the
group weaied with snuff only, Sprague-Dawley rats were used. Thus the NQO parnt of the smdy lacked
controls and a comparable group treated with snuff only.  The results showed low incidences of
can:imasinandmart}tlipwulmuzgmpsmmdudmNQowymdNQOfoﬂowadbym,‘
There was no significant difference between these incidences and therefore this is further evidence that
snuff does not promote the carcinogemnicity of NQO.
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Johansson. Saidi et al (1991) also used the lip canal model t explore further the possibis carcinogemicity
dmmmmmmmmwfmmmmmmw gither NQO or DMBA. In

this study 230 male Sprague Dawiey rats had an irtificial canal constructed in the lower lip. Forty of

these rats (Group I) were treated by insertion into the lip canal of a couon pellet soaked in 2 0.1%
mmdDmAmmwsmsmum4wmmmmmamm
dipped in physiological saline once a day, 5 days a week for 104 weeks.  Another group of 40 rats were
mmdinxheslmcwaywimDmAbutumma'vedSOmgmﬂtwichﬂy.Sdaysawe&for104
weeks (Group II). mmxtxrwpof%ms(erpm)mcdvedaﬂymﬁma&y.Sdzyn‘d
for 104 weeks. Gmpwansimdafwmsmwdwimmp:ncsdippedinaOJ%Mmd
NQOinPGStimesmklyfond:sanddnnwimacumnpellczcﬁppedhl’cmccadayforsdays
a week for 100 weeks. GmupV(38nxs)wcreuumd“rimNQOasinGmupIdemwahmuﬂ'as
in Group III. Connobcmsismdofmnsmawdwimmnpenmdippedmphysidogialahm(see
Table 3).

Sarcomzsoccumdinthelipmalinallgmupsexceptth:unuumdwimDMBAmly(GmupD. The
highest incidence occurred in the group treated with NQO followed by stuff, In the experiment there was
asmannumbcrofmmomsoftheonlepiunhmn-mostlymalim-ing!m;sn.m,l\’mdvmtﬂ:
authorswmlud:dﬂmmaewasmsigrﬁﬁcmndﬁmmmgﬂmemmﬂtinddmccofm

wmours and that no promotional effect was observed. The incidence of wmours ocutside the head, neck

orgasmmmmlmws!ﬁgtmmﬂutwogtwpsmmdmmmAmmﬁtoﬂmm
Comment

mu:mmnudicsmwewedmuﬁssecumepimchﬂmomsmamdmdﬁummmmps
umludingxhoscgmupsuumdwimmuﬁ‘aﬂy. Mmmomswerefumdmaﬂymu:lipmaltm
als0 on the tongue and hard palate. mmddmmisatorbclowthclcvdofmﬁsdcﬂﬁgrﬂﬁmifh
mmoursmcachammmicalxegimmmzlyscdscpamdyagainstﬂtmgaﬁvecumls. It achieves
S@usncal significance in one experiment by Johansson, Hirsch et al, 1989, if mmours from the hard
Pala!:.ﬁpcanal.fommadnndmsalcavitymeplmwmmumm
Cunpﬂwdwithth:zcmixu‘duu:inﬂrcmunls(Gmpm. Although such an approach has been
favmmdbym.ummwmmmmmixmmdsm&wm1984)
SOlhzxcvidmccofdﬁssonisnouegamedavahdpmofofwn’mgmd:y.
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TIzmmbaafqiMﬂnmunstymmmmMWthMBAkbwmdd
hmmsmmmbymﬁalanwmamﬁdidmmsaminﬁspmoﬁz
sudy. Shnﬂaﬂymxﬁ’didm‘p:mae‘mmhuﬁmﬂsmmdwiﬂzNQO.ﬁncdﬁtmm
difference in the epithelial mumour incidence berween groups weated with NQO alone and those treazed
with NQO + snuff in all three experiments. The high incidence of epithelial amours in one of the
experiments (Johansson., Saidi et al. 1991) is probably due to the relatively high dose of NQO given (ve
andeig!nﬁmestheanmofNQOinﬂturatwomdi:s).mm:mhdasmhﬂcm
mmmuusmcummmammmdmmymumm
of the high doses of snuff used. Thcscledmh:vemmlevmmmlog:ﬁdtyubwerm
kvdsmummmmmafmmadxmmmmduummdbyamdm
mmmm:mmnymmummmmmmmmmwmm
proliferation in the rodent forestomach (Clayson et al. 1991).

Connective tissue mmours developed almost entirely around the lip canal. ‘A previous smdy of the
l&mmmmVeMcmmgﬁ:ﬁmeWWMMMm
Mwmdmmwﬁbmusmerudmwﬁd!pemmdmmmmmmpedmm
Larsson et al, 1986). Rcacximsofmissonmhwwnmhcpuﬁaxhﬂyplmcmhdmm
pmdncﬁoncvmmﬁtabsmccofmydlcmialcaxdmm@nsso.smmnmdcam1991). The
factmatsarcomuhavcbecnreponzdmmetwosmdiesinwtﬁdnspamhwasmdmimm&zmﬂ'is
mlcvmnsinccmrtpcaedinscmonislikdymcanscmlocalhjmy. The relarively high incidence of
samomasintt:uudyby]ohmm.Saidiexal(l%l)km&bly&zmammﬁm
r:acﬁoninrcspmsetomumaocaminginﬁsmcspmmamdwimNQo-a"pouninmoral
carcinogen”. Fibroblastc proliferation, which is at the heart of this connective tissue reaction, acts as a
strong sumulus for mmour production or wmour promoton in the same way as hyperplasia in epithelial
ussues (Grasso et al. 1991). ﬂ:ﬁequmxandptolongcduscofanhmmanmdnsaspanﬂawﬂd
inflict sufficient physical rauma to account for the sarcomas observed.

‘Ihusint.hw:smdicstl'tscvemmcchaxﬁcalmumamccdbyd:ﬁeqwudmmﬁlﬁngofhﬁp
canﬂunmmbomforﬂwcpimmmmchmmmeymﬁm There
is no indication that snuff promotes epithelial umour formation after initiation by DMBA or NQO.
'nx:rcismccviduumamuﬁmypmnomtmfmmmmofmnaﬁ:rNQOiﬁﬂlﬁmhnkis
pmbablcxhanhsemmourswereirm:ad"pmaed"bymemaczivebdmhdlmdbyphyﬁcalm -
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3 LABORATORY ANIMAL CARCINOGENICITY STUDIES ON TOBACCO-SPECIFIC
NITROSAMINES (TSNAs)

3.1 Introduction

mm&mmm:mwofmmommxdsofmnbwwwm(vm:)
and the higher. molecular weight (non-volasile) type, derived by the imeraction of nitrare/nitrite and
amines found in tobacco (Tricker and Preussmann, 1991). The low moiecular weight (volatle)
mmmofﬁttypemeMxvcnlfoodsMBﬁsh.umdmmddus(UKMAFF.
1992)Mmmmwvdymmmmmmwmmmmwmm
monograph almost exclusively 1 cenain non-volatile nitrosamines. These nitrosamines are derived from
ummmnummm.mummm:mmucmmmuum
called Tobacco-Specific Nimosamines (TSNAs). The amounts of TSNAs present varies widely with the
nirrite comter and type of tobacco (Fischer er al. 1989) and are typically present in the order of a few
milligrams per kg (Hoffman and Adams, 1981). The following data are from Brumemann and
Hoffmann (1991).

TSNAs in smokeless tobaccos *

Product type NNN NAT « NAB NNK iso-NNAC  Total TSNA

us moist snuff A 104 98 22 0.1 25
us moist snutf B 9.6 7.9 3.1 02 208
New US moist snuft C 4.1 3.0 12 0.1 84
New US moist snutf D° 571 915 72 10.5 1663
Sweden moist snuff A 57 35 2.1 0.1 114
Sweden moist snutt B 53 29 14 0.1 9.7
Sweden moist snuff C 52 2.6 14 0.1 93
us dry snuff 10.6 13.1 0.9 0.1 24.7
us chewing tobacco” 1.5 0.7 0.1 0.01 23
® 2ame twand aame
Key
* = Values are based on dry weight

NNN =  N-nitrosonomicotine

NNK = L(meﬂ:yhﬁu’osmino)—l-(}pyﬁdyl)-Lbummz

NAT = N-nigosoanarabine

NAB =  N-nmosoanabasine

i50-NNAC =  4-(methyinitrosamino)4-(3-pyridyl)-4 butyric acid

The following is a diagrammaric rtpmcﬁtan’on from Brunnemann and Hoffmann (1991) of the formarion
of the main TSNAS from their parent alkaloids.
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Four TSNAs (NNK. NNN, NAB and NAT) have been tested for carcinogeniciry.

3.2 Studies with NNK

mmmmmmmmmmﬂmmmwvﬁmmd

3.21 Tooical Application

lnmice.NNKwasappliedm;ic:llyxodzskinofﬂtScn:arsu:inlt0.0S.O.lor0.6mg/mmsddayfu
lomﬁuummmﬂwbyawauywmmofwwmlmm&mm
same site for a further 20 weeks. Local proliferative skin lesions developed but their identity is uncertain
since no histological examination was carried out (La Voie e al, 1987; Table 7). Topical application of
NNKmutvmmofunmgmmwom&muﬁm(BaWcmdSmr)fm7we&sdd
mmmwmmmmmdmmmmwhmmm
(Padma. Lalitha er al, 1989; Table 7). .

lnagrwpofSOn:s.malpapinunas@oﬂhed\ed:cﬁﬁtﬁtm.lofthehatdpahmandZofthcmm:)
¢vdopadafmrMcdaﬂyod:pﬁiaﬁmdmaqmnﬂmeuﬂﬁﬁngl4ugmm&ug
NNN. The dosing was continued for up to 22 years when the experiment terminated (Hecht, Rivenson e
al, 1986; Table 11). Qﬂynonlpnpﬂlcmawasobsuvedmaﬂwed:smdym”msbﬂwmg
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topical application of an aqueous solution of NNK twice daily at approximately img per application
(Prokopczyk. Rivenson and Hoffmann, 1991; Table 11).

In hamsters, cheek pouch papillomas developed in 4% of survivors following thrice weekly local
application of Img NNK to groups of 30-40 animals for 40 weeks. The experiment was terminated at 90
weeks. Local application of 1mg NNK twice daily for 5 days did not produce tumours at 66 weeks when
the experimen: was terminated (Padma and Lalitha er al, 1989; Table 14).

3.22 Pareneral Dosing

In studies in female A/J mice intraperitoneal administrazion of 0.2-1 mg/mouse of NNK in tricaprylin or
in saline three times weekly for 33-37 weeks resulted in the production of a statistically significant
increase in pulmonary tumours the majority of which were benign (Table 6). A single injection of 0.2-2
mg/mouse NNK produced a dose-related increase in lung adenomas 16 weeks later when the experiment
was terminated (Peterson and Hecht, 1991). A statistically significant increase in lung adenomas was
found in 9 experiments when female mice were treated once only with 2mg/mouse NNK. The control
mice were treated with the dosing vehicles. These studies were designed to explore the inhibitory effect
of a variety of chemicals or type of diet to the carcinogenicity of NNK- It was found that more tumours
developed in mice maintained on semi-synthetic diet from weaning than in those on a normal diet (Hecht,
Morse, Amin er al, 1989). Alkylarylisothiocyanates reduced the mmorigenicity of NNK (studies by
Morse and co-workers published betwen 1989 and 1992). Indole-3-carbinol and deuteration of the
methylene carbon to the nitroso group had a similar effect (Morse, La Greca er al, 1990; Hecht, Morse,
Eklind. Chung, 1991).

In rats, subcutaneous administration of NNK in trioctancin consistently induced mumours of the lung,
liver and nasal cavity in five experiments (Table 10). Thrice weekly injection of 12mg/rat NNK
(approximately 36mg/kg body weight) for 20 weeks produced over 85% incidence of these tumours in
male rats by the termination of the study at 52 weeks. No tumours were observed in controls (Hecht,
Chen and Ohmori. 1980). A dose response relatonship was observed in the development of these
tumours when male rats were injected 3 times weekly with 3.3, 10 or 30 mg/kg body weight of NNK for
20 weeks and the experiment terminated at 120 weeks (Hoffmann, Rivenson er al, 1984). A similar
dose-response was observed in the induction of these mumours when rats were given 0.03, 0.1, 0.3, 1, 10
or SO mg/kg body weight three times weekly for 20 weeks and the experiment terminated at 120 weeks
(Belinsky, Foley er al, 1990; Belinsky, Devereaux et al, 1991).
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Deuteration dﬂcmdnylnﬁaxummmmmﬁdmmhmmm&na' i produced by
the subcutaneous injection of NNK at dose-levels and duration similar 1 those described in the previous
mmﬁsw&kdmﬁﬂmylahymm' i (PEITC) reduced the incidence of hmg
umours by approximately 30% (Table 10). PEITC was chosen because previous smdies had shown thar
it affected the metabolism of NNK in a marmer which suggested that it was 2 potential inhibitor of NNK
. .
Hamsters dosed subcutaneously with lmngnumsm-NNKmﬁceweeuyforﬁweabd:vdoped
indduncsofSO%hmgadamnasmle%lmgadamnMuSO%mﬂmasby
the termination of the experiment at 65-70 weeks. In a second group in which hamsters were given
ZSmgNNKMamszermmcﬁm&wecklyforﬁmdtkﬁduuofumnmmmm.mm
50% respectvely. Thiny-five percent (35%) surviving hamsters also had tracheal papiliomas by 65-70
weeks (Table 13). The same hiszologicaltypsofnnnmmobwvedwimhamsmswuegivm
NNK subcutaneously at 1, 3.3 or 10 mg/hamster and killed 11 years later. There was no quanritarive
dose response relaionship but none of these tmour types were seen in controls. '

3.23 Gavage and drinking water smudies

In mice (Swiss strain). administration of an aqueous soluion of NNK by gavage at a dose of
Img/mouse/day (approximately 25mg/kg body weight) for 22 days produced a high incidence of hung
adenomas (approximately 80%) in animals that were kept until their deaths when they were 17-25
months old or at the termination of the study at 68-108 weeks. No mumours of the oral cavity or upper
alimentary tract were observed (Bhide, Kulkami er al, 1989; Table 8). Likewise, a high incidence of
lung adenomas was produced in mice of the A/J strain when NNK was given in drinking water at a dose
of 3 or 9 mg/mouse (approximately 75-225 mgkg body weight) continuously for the first 7 weeks of an
experiment of 23 weeks durarion (Castongay, Pepin, Stoner, 1991).

In rats. NNK produced a dose-related incidence of tumours of the lung. nasal cavity and liver when given
in the drinking water at 0.5. 1 orSppmforZyearsbuttrutweumoxﬂmupperaliman!ym
wmours (Rivenson, Hoffmann er al. 1988; Pour and Rivenson. 1989: Tabie 12). A similar result was
obtaincdinahxcrsmdybyl_ijinskyad(l%l)mwﬁleNKmldnﬁrﬁmcdbym
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3.3  Studies with NNN

3.3.1 Iopical application

In mice, 10 wpical applicasions of 0.5mg NNN dissaived in acetone on alt=mate days was followed by
mﬂuwaaﬂyappﬁmofmdewwylpm@lmmfmzom The experiment was terminated
at 24 weeks. Two local mumours (type not identified) were observed in the mreated group and one wmour
in the control group (La Voie er al, 1987; Table 18). No wmours developed in the oral cavity of Swiss
orBalb/cmicewhmlmgofNNNmaqwoussoluﬁmwasappﬁedﬂuicewymdzvumﬂsi&d
the tongue for 8 weeks (Swiss strain only) or 24 weeks (both strains). The experiment was terminated at
90 weeks. An increased incidence of pulmonary and hepatic turnours was observed in Swiss and Balb/c
mice treated for 24 weeks (Padma, Lalitha ez al, 1989; Table 18).

In one experiment in rats a few local bemgn oral tumours ‘were observed when an aqueous mixnure of
NNN and NNK was applied to the lips and oral cavity (see Section 3.2. 1).

3.3.2 Parcnieral dosing

lnsmdicsonfunaJcA/Jmicedoscdinmperimneany3ﬁmeswecklyfor7we&swiﬂuppmximaxdyhng

of NNN per dose the percentage of mice with lung tumours ranged from 48-83% (Table 16). The

duradon of the experiments was 33-37 weeks. The range of tumour incidence in controls varied from 12-
40%. Most lung umours were classified as adenomas. In three studies, NNN was administered in saline
(Hecht, Chen. Hirota er al. 1978: Castonguay. Lin er al, 1983; Hecht, Abbaspour and Hoffmann, 1988)
and in one study in moctanoin (Hecht, Chen. Hirota er al, 1978). A high incidence of lung adenomas
was also observed in A/He mice given approximately Img/mouse NNN 3 times weekly for § weeks and
terminaning the study at 32 weeks (Hoffmann, Hecht er al, 1976; Table 17.

lnthmcsmdxcsxnmsr:pcaxedsubamneousmpcumofNNNmmxcrdpmdmmamJyunnmofmc
nasal cavity (Table 19). Alowmdcnccofosophagcalmdlmgmmomswasalsopmdnmd. In the
first stdy, a dose of 10mg/rat (approximately 30mg/kg body weight) of NNN in trioctanain was given 3
umes weekly for 20 weeks and the experiment terminated at 52 weeks. The only compound-related
wmours were in the nasal cavity (Hecht, Chen, Ohmori and Hoffmann, 1980). In a second study three
doses of 27, 9 and 3 mg/kg body weight were employed. A high and dose-related incidence of malignant
nasalcaﬁtymnomsuﬁofbuﬁgnmsophagcﬂmmmwuobwvedabﬁmmkivmad
1984). mhams:exs.mnpcnmncalaMhﬁsmdmofNNNdisdvedinnﬁnesﬁmswwﬂyfwx
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we&snl4m4.7mgﬂmnmpm¢xcadadosc-mm&meofmmdnzmﬂavitymd
mmwmmnmmmmmanm Liver mimours were also observed and
were treammeni-related (McCoy, Hecht ez al, 1981; Table 21). Subcutaneous administration of NNN in
saline at a dose of Smg/hamser 3 times weekly for 25 weeks produced mainly tracheal tumours and ane
nasal' carcinoma (Hilfrich er al, 1977; Table 22). Adminisration of NNN in trioctancin at
8.6myhmmrfor6wedsmzznyhmsmmr75wdsmampamd-mmddaud

-tracheal papiliomas and lung adenomas (Hoffmann, Castonguay er al 1981; Table 22).

3.3.3  QOral administration

In mice, when an aqueous solution of NNN was given by gavage (lmg/mouse, 5 days/week) for
approximately 5 weeks a higher incidence of forestomach, lung and lLiver nmmours than conmols were
found at the termination of the experiment 1.5-2 years later (Bhide, Kulkami ez al, 1989).

mmuNNNMdedmu:dﬁnhngwwpmmmﬂdaﬁvdyﬁghmddaudmmmms
well as mmours of the nasal cavity and a low incidence of tracheal papillomas (Table 20). In the first of
these studies (Hoffmann, Raineri ef al, 1975: Hoffmann, Hecht and Omaff ef al, 1976) male Fischer 344
rats were given a total of approximately 630mg NNN/rat over 30 weeks. The experiment was terminated
at 47 weeks. Out of the 20 exposed rats, 14 had oesophageal umours of which 3 were malignant, 3 had
nasal carcinomas and one had a pharyngeal papilloma. In a second study (Hecht, Young and Maeura,
1983) 24 Fascher 344 rats were given total doses of approximately 637mg/rat (maies) and 584mg/rat
(females) over 36 weeks. At the end of the study (43 weeks) 23 rats had cesophageal papillomas and 6
of these rats had malignant cesophageal mmours as well. Fifieen rats had malignant nasal wimours and
onc had a tracheal papilloma. No meaningful sex difference was found. A similar incidence of benign
and malignant oesophageal and nasal mumours was observed by Castonguay, Rivenson er al (1984) at the
terminanon of a sdy (98 weeks) in which F344 male rats were fed a liquid diet contaiming NNN
conunuously for 27 weeks with an esumated total dose of 177mg/rat. No mmours of these types
occurred in controls of all three experiments. There was no indication that NNN increased the incidence
of commonly occurring mours.

In hamsters (Table 21) given NNN in drinking waier continuously at an approximate total dose of 336mg
(males) or 496mg (females) per hamster for 31 weeks there was 2 combined incidence of 20% nasal and ,
10% wacheal papillamas at 96 weeks when the study was terminated.  An animal developed a hepaic:

angiosarcoma (Hecht, Young and Maeura, 1983; Table 21).
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34  Studies with NAT

NATmmwmmmwmmmmmmmmMmm
doses up to 1700mg/kg body weight The rats were then left untreated umtil the experiment was
terminated at 2 years. No tumours were induced (Hoffmann, Rivenson ez al, 1984).

3.5 Studies with NAB

NAB was administered in drinking water in two experiments in rats (Table 24). Oesophageal umours
were produced in the Chester Beanty rat after continuous treamment for 74 weeks (Boyland er al, 1964).
In the other experiment, treatment was terminated at 48 weeks arnd only one oesophageal and one
pharyngeal papilloma were observed (Hoffmann. Raineri er al. 1975). No oesophageal mumours were
observed in conrols of either experiment.

No mmours were produced when NAB was injected subcutaneously three times weekly for 25 weeks
with a total dose of approximately 375mg/hamster. The duration of the study was 83 weeks (Hilfrich er
al, 1973).

3.6 Comment

Most muoso compounds are carcinogernic in ane or more species of laboratory rodent and they tend
produccmmoursinmcrethmmcbrgzn NNK and NNN behave like most other nitroso compounds
(including those found in food) in this respect. It is important to point out that the oral cavity is not one
of the target organs for NNK and NNN.

In mice. NNK and NNN produce mainly lung tumours irrespective of the method of administration
although in one experiment, topical applicarion of NNK produced mmours in Liver in addition to
pulmonary wmours. Presumably because of the high dose of NNN or NNK empioyed in these
expenments virually all weated mice developed mmours even though the experiments lasied a few
months. Swiss mice of the A/J strain are known 10 be genetically suscepeible to the-development of
pulmonary adenomas under natral conditions. Induction of these nxnours readily follows administration
of carcinogenic agents so that the mouse experiments are of little value in assessing the carcinogenic
potency of NNN or NNK.
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In rats, the principal @arget organ for both NNK and NNN is the nasal caviry. Both compounds produce
a high incidence of mours in this organ when administered by the oral o paremteral route. In addition
NNKp-omwsummofuzﬁvamdhmgwhﬂeNNNmmmofuwﬁnm This
paniem of nmour production is the same whether the TSNAS are administered parenterally or orally bur
oral administration of NNN produces a higher incidence of cesophageal tumours. than the paremeral

foute.

mmmmﬁmatwmmmmmmmsdhmmsmypcwmdam
apableofmenboﬁn‘ngﬂnsetonSNAsmslm-ﬁvedpmximmwm Other tissues may
deactvate TSNAS. These effects vary depending on the route of administration. By some routes the
TSNAs quickly reach tssues which activate them. Byoﬂmmxsﬂzymmdmﬁmswmﬁng
deacuvatng enzymes (e.g. pyridyl N-oxidising enzymes) before they reach the tmour-susceptible
ussues. This would account for the fact that NNN produces more cesophageal tumours when given
omuythanwtmgivmpammnny.mmmysnmwpicﬂofdasﬁwmmmwﬁm
affect the pnmarily-contacted tissues irrespective of enzyme activity.

ltisimponamtonmzummonlmmmnswempmducedhmsornﬁcebyeiﬂupammnloronl
admirustranon of NNK or NNN dosed separately. This suggests that the oral epithelium does not
posscssutabihwwpmduccu:pmximmmxdnogadcmenbdmsmnﬂtﬁghdmcs
admurustered.

A few oral papillcmaswcreobscwedinasmdyinmswithatopiczﬂyamﬁedmimmofNNKmd
NNN and in swdies in rats and hamsters with NNK alone. In these studies the oral mucosa was
repeatedly swabbed with the TSNAs for long periods and it is likely that the oral papillomas were the
mswofmpcncdmcdmicalmumambinedmmnpwedexpommmﬁpopliﬁcdmﬁcak There is
suong evidence that such treamment produces massive hyperplasia at the site of application and that
hyperplasia in rodents may lead o the formaton of papillomas. The papillomas did not progress w
maligmmxmmoursinspiteofﬂzlmgdumimofmcsmdiesmd!hehighﬁaqucncyofm This
lack of progression suggests that the “papillomas” could be focal hyperplastic rather than neoplastic
lesions.

4 METABOLISM AND TOXICOKINETICS OF NNN AND NNK

By the orai muxz.NNNandNNKmahnosxmpladyabsorbedﬁunﬂzim:sﬁmd:mmlymm
proporuons of the administered dose are found in the facces (Castonguay, Tjalve and Hecht, 1983). The
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major route of excretion of metabotlites of NNK is via the urine although when the “C label is on the CH;
group substantial amounts of “CO; is exhaled via the lung due to cleavage of this part of the molecule.

“C labelled material was widely distributed throughout the body with high levels in Liver, nasal mucosa
and kidneys, following parenteral administration of Smg/kg body weight **C-labelled NNN and NNK 10
rats. Similar results were obtained with hamsters and marmosets (dose not stated). Accumulation was
also observed in pigmented tissues such as eye and skin and in some exocrine giands (Tjalve, 1991).

NNN and NNK are asymmevic N-nitrosamines so that they can each form more than one alkylating
agent Their major route of metabolic activation involves an initial cywochrome P450 dependemt o-
hydroxylation with ultimate formarion of an alkylating species. Hydroxylation of the methy! carbon of
NNK and at the 2’ position in the pyrrolidine ring of NNN results in a common metabolic pathway. The
alkylaring agent formed by this pathway is thought to be the 4-(3-pyridyl)<4-axo-1-butylcarbanium ion
(Structure [1] in figures 1 and 2). NNK is also metabolised to form a methylcarbonium ion, another
alkylanng species. An alternative route of NNN activation results in formation of 4-formyi-1-(3-
pyridyl)-1- butryicarborium ion

Other routes of metabolism exist for NNN and NNK which appear 1 represent, predominantly,
detoxificanon pathways.

4.1 Metabolismn by different tissues
4.1.1 Inwivo

McubohsmofNNNandNNKmspeciﬁctismeshasbeminvsﬁgaxedinvivobymmmdiogmpﬁc
stuches of secnons extracted to remove unbound radiolabelled material. It was assumed that, since the
reacuve intermediates produced from these muosamines have very shomt half-lives, they bind o tssue
macromolecules which are in close proximiry to the site of initial a-hydroxylation (T jalve, 1991).

Parenteral injection of carbonyl-“C-NNK in rats resulted in the accumulation of bound metabolites in the
upper respiratory tract and the liver. Oral admimistation resulted in the labelling of the oral and

oesophageal mucosa as well (Tjalve, 1991).

Injection of “C-NNN in rats showed accumulation of bound membokites in the upper and lower
resprratory wact, liver, Bowmans glands of the olfactory mucosa and oral/oesophageal epithelium
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(Tjalve, 1991; Thlve and Castonguay, 1987). Labelling patterns in mice and hamsters injected with
NNN or NNK were similar to those seen in rats but marmoset monkeys accumulated bound metabolites
only in liver and nasal mucosa.

412 [nviro

mséﬁdmuymenmﬁmwmmdwnﬁmmmmﬁmﬁmdm.mw
hamsters. The reladve proportions of a-hydroxylation (actvation routes) to N- oxidation (detoxicarion)
have been reported as 386x in liver and 6x in lung microsomes (Castonguay, Pepin and Swoner, 1991).

In freshly isolated F344 rat hepatocytes the major metabolite of NNK is NNAL (Liu, Moulay er al,
1990). In freshly isolated lung cells from F344 rats metabolite production was highest in Clara cells,
which contain the greatest content of cytochromes P450. N-oxidation occurred at about half the rate of
a-hydroxylation in Clara cells and alveolar type II cells but was not detectabie in alveolar macrophages.
Carbonyl reduction o NNAL predominated over the other metabolic pathways in all three cell types
(Belinsky, White er al, 1989). a-hydroxyladon was the major route of NNK metabolism of Clara cells
from Syrian hamsters: carbonyl reduction to NNAL was predominant in alveolar macrophages (Alaoui-
Jamali er al, 1990). '

Organ culture of lung trachea from hamsters revealed that the major metabolism pathway of NNK was
via a-hydroxylation rather than N-oxidarion whereas in similar preparation of rat lung (F344) the major
pathway was via N-oxidanon (Castonguay., Allaire er al, 1989; Doerr-ORourke ez al, 1991).

No N-oxidanon was detected when NNN was incubated with Clara cells, type II mactophages and
alveolar macrophages, otherwise the partern and rate of metabolism by these cells was the same as those
of NNK (Belinsky and White er al, 1989). Results of these studies revealed that the labels of the
alkylanng species common to both NNN and NNK (buty] carbomium ion) formed in hing cells from
NNN are not substantially less than those formed from NNK suggesting that the ung tumours produced
by NNK in rats are formed from the reactve moiety derived from the other pathway of metabolism
(methyl carbonium ion).

a-hydroxylaon of NNN by explants of rat oesophagus was greater than that from NNK in studies

conducted under comparable conditions. Carbonyl reduction and N-oxidation (detoxification) were the
major routes of NNK metabolism in oesophageal tissue. This would suggest that a-methyiene
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hy&oxyhﬁmofNNNkmzhﬂympmﬁszcrﬂzmoducﬁdemmbyﬂﬁsm
(Murphy ez al, 1990).

Ammmmmmm'a-mmdmmmmml
reduction of NNK occurred in 2 variety of tissues at 1-10% of the Jevel seen in amimal tissues
(Castonguay, Stoner e al, 1983).

4.2 Modulation of TSNA metabolism

Inhibidon of mewbalism of TSNAs by various components of cenzin fruits and vegeubles is
summarised in combination with cansideration of the effects on genotoxicity (section 5.5). The effect .of
tobacco constiments an the metabolism of TSNAs has also been investigated Metabalism of NNK was
inhibited only slightly by NNN in cultured rat oral tissue, whereas NNK was much more effective in
inhibiting the metabolism of NNN (Murphy and Heiblum, 1990), suggesting that different enzymes are
responsible for the metabolism of NNN and NNK. N'-Nitrosoanatabine (NAT) inhibited the metabolism
of NNK, but not of NNN. McotimcauscdanappmdableimibiﬁmofanmzesofNNNmmholim.
even at a 1:1 ratio, when the level of most metabolites decreased by 90% (Muzphy and Heiblum, 1990).
Nicotne inhibited a-hydroxylation and N-oxidation. but not carbonyl reduction of NNK, even when
present at 100 tmes the concemrarion of NNK (Murphy and Heiblum, 1990). Similar effects were
reported to occur in hamster hing cultures (Schuller, Castonguay er al. 1991). Effects on the conversion
of NNAL o alkylaring species were not investigated in these studies. Prolonged treatment of hamsters
with 0.002% nicotne in the drinking water induced both a-hydroxylation and N-oxidation of NNK in
hamster lung cultures (Charest er al, 1989). Mode! inducers of cywcivome P450 (phenobarbitone, 3-
methyicholanthrene and butylated hydroxyanisole) induced only the a-hydroxylation route (Charest er al,
1989).

4.3 Comment

Toxicokinetics and metabolism data are thought © offer a means for obuaining an understanding of the
mechamsm by which chemicals produce their biological effects and hence the practical significance of
arumal carcinogeniciry studies.
mmmamxdisanhmdmﬁnsseQmm:almampmwﬂlmonladmhﬁsmNNN

andNNKammrornyukmupbythcorgmwtﬁchdcvdopmmmpldmgedadminismﬁmbm
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they are also taken up by other tissues so that the kinetic data offer no assistance in explaining the reason
for the development of umours in certain specific sites.

Metabolism studies appear 10 be somewhat more useful in this respect.  First of all detziled studies of
memabolism pathways indicate that two rypes of alkylating species (methyl carbonium ion and butyl
Mmim)mmwwmmwmmmmuwfmmgnwA
hadingmtheéonclusimmaunummrsplwwdmﬁkdymbememhsofammm

Auempts 1o identify the sites at which these reactive imermediates occur revealed that they occur at the
‘target’ organs and at others which were not affected by mmour production. For exampie carbonyl “C-
NNK accumulated in organs which produced tumours (respiratory tract and Liver) as well as in organs
which were spared (oral and oesophageal). Similarly NNN metabolites not only bound to nasal and
oesophageal mucosa but also 1o lung and tracheal tissues which were not the targets in tumour formation.
Thus in vivo metabolism stdies have also failed to esublish a clear correlation between local binding of
radiolabelled metabolites and tumour formanon

In virro swdies provide further examples of such apparent anomalies. Thus the propomion of the
activation route compared 10 the deactivation route of NNK in mouse Liver was much higher than that in
the mouse lung. Yer umours are produced in lung but not in liver of mice given NNK. Although these
sonts of anomalies preclude the use of results from metabolic studies 1o make extrapolation t another
species they have been useful in clarifying some minor points. Thus it would appear that lung mmours
are caused by the methylcarbonium ion which is 2 major alkylaring product of NNK. Likewise, 2 greater
- degree of local binding was observed in oesophageal tissue from rats treated with labelled NNN than in
the oesophagus from rats treated with NNK correlanve with incidence of umours.

The effons so far employed in studying the metabolism of NNN and NNK have provided data of kmited
uscfullness for an understanding of metabolism in specific tssues and the relanonship of this to cancer
development

5 GENOTOXICITY OF SMOKELESS TOBACCO AND TSNAs

5.1 Mutagenicity in vizro

Mutageniciry studies were devised to detect whether a substance could interact with DNA and therefore
have the potential © cause cancer. They are generally conducted on substances which have not been
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screened for caranogenicity, as pant of the risk assessment process and t0 derrmine whether 3
carcinogenicity study is required. Alternatively, they may be conducted 1 investigate the mechanism of
carcinogenicity of 3 substance that has siready been demonstraied to cause wmours. However, in the
case of smokeless tobacco, the mutagenicity suudies were conducted after the negative carcinogenicity
studies. In such circumstances, the results of the carcinogenicity studies should be afforded more

importance in assessing hazard for man

A thorough investigation of mutagemicity includes assessment of gene mutations in bacteria and
mammalian cells, clastogenicity (chromosomal effects) in mammalian cells both in vizro and in vivo, and
DNA damage (directly by single strand breaks, or indirectly by DNA repair detected as unscheduled
DNA synthesis). Some exampies of investigations of each of these types have been reported for either
tobacco extracts or cenain TSNAs, but the data are not comprehensive. Smokeless tobacco cannot be
applied directly to such assay systems: the consituents are extracted into organic solvent or water prior o

tesang.
5.1.1  Smokeless tobacco

5.1.1.1 Bactrerial systems

The mutagemicity of smokeless tobacco extracts, has been investigated in bacterial and mammalian cell
systems. Agqueous extacts of smokeless tobacco products sold in the USA were found to be mutagenic o
Saimonella typhimurium strain TA100 in the presence of hamster iver S9 fraction (Guuenplan, 1987),
indicadng that constituents of the extract could be metabolised o mutagens which cause point mutations
(base-pair mutations). Only weak mutagenic acuvily was observed in swain TA98, which detects
frameshift mutagons. The activity was observed in aqueous extracts, but only minimally in ether
extracts, demonstranng that the mutagenic components were polar in narre, possibly organic acids and
not NNN or NNK which are extractabie by organic solvents from aqueous solution (Gurenplan, 1987).
The mutagenicity dose response showed an increase in revertants with the extracts from a minimum
exract concentranion equivalent 1o 25 mg of tobacco. The potensies of the extracts were in the range of
8-16 x 10’ revenants of TA100 per g tobacco. This is similar o the reponted range of 5-10 x 10°
revenants of TA100 per g tobacco for cigarenie smoke condensates (Gunenplan, 1987).
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5.1.1.2 Mammalian systems

Mmmquqmmof@mmmWWhmmgn
kines: AHH-1, which expresses cytochrome P450 1A1, and TK-6, which has been shown not to express
cytochrome P450 species (Shimamé-Moré. 1991). The extracts were equally mutagenic to both cell kines
at concentrations of 1-3 mg/ml exmractable solids. Treamment of the extracts with nitrite at either neurral
maddicpHgawmcﬁdawcforﬂ:mofumsﬁmMﬁchmM&Mbmmguﬁc
substances. These results could indicate thar a) the mutagenicity is not Cytochrame P4S0 mediated (as the
author concluded), b) P4S0 1A1 is not the isozyme responsible for metabolising the constiments of these
exwacts. or ¢) additanal isozymes of P450 are present in both cell lines, that have not yet been detected.

Inducnon of mammalian cell mutation of TSNAs has been investigated in a human cell line, designated
2D6/Hol. which expresses human cytochrome P450 2D6 (Crespi, Penman et al, 1991). Exposure of
2D6/Hol cells o NNK concenmratons of 30 - 90 pg/ml induced an increase in mutations at the
hypoxanthine-guarine phosphoribosyltransferase (HGPRT) locus. NNK did not induce mutarions in
conuol cells (the parent AHH-1 TK +/- cell strain without the mansfeced P450 2D6 cDNA) at
concenmanons up to 150 pg/ml. NNN was not mutagenic 1o 2D6/Hol cells at concentrations of 150 and
300 ug/ml. indicaung that P450 2D6 does not activate NNN. Interestingly, the non-carcinogenic NNA
was equally mutagenic 1© 2D6/Hol cells and the AHH-1 TK +/- cells, possibly due to mezabalic
acnvanon by another form of P450 which was native 10 the non-transfected cells. NNK also induced
mutanons in cell lines expressing P450s 1A1, 2A3 and 2E1, with relative sensitivities of 1A2/Hal =
2A3/Hol > 2D6/Hol > 2E1/Hol. although NNN and NNA were not investigated in these lines.
Compared to DMN in cells expressing 2E1, NNK was approximately 1000-fold less active as a mutagen
on a molar basis in cells expressing each of the 4 isazymes (Crespi, Penman er al, 1991),

3.1.2 TISNAs
5.1.2.1 Bacterial systems

NNN and NNK. at concenmranons in excess of 100ug/plate, were shown to be mutagenic o TA100 in
the presence of a metabolic activation system consisting of S9 fraction from Aroclor 1254-pretreated
rats. Weaker acuvity in both NNK and NNN was seen in strain TA1535 (the DNA repair proficient,
parent strain of TA100). but not in TA98 or TA1538 at concentratons of 1000ug/plate (Padma,
Amonkar and Bhide. 1989).
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Primary rat hepatocytes from either conmrol or Aroclor treated rats induced muagenicity in TA1535,
although 10 times more control rat hepatocytes were required to produce a similar response to that seen
with Aroclor treated rat hepatocytes (Zhu, Cunmningham ez al 1991).

The relaive mutagemc poiencies of the methylating and pyridyloxobutylating species have been
investigazed using aceioxymethylmethyinitrosamine (AMMN), which genermes the same methylating
species as that formed following methylene hydroxylaion of NNK, and 4-(acewoxy-
methylmethylnitrosamino)- 1-(3-pyridyl)-1-butanone (NNKOAC), the pyridyloxobutylating model (Foiles,
Pewerson er al, 1992). NNKOAc was 10 times more potent than AMMN in inducing reverse mutations
in Salmonella typhimurium strains TA98, TA100 and TA1535 in smdies without activation by the S9

liver preparation.

Characterisation of the mutational specificity of NNK in the lac/ gene of Escherichia coli, demonstrated
that 55% of mutarions recovered were of the GC 10 AT transition (Jiao, Zielenska er al, 1991). This is
consistent with the principal product of DNA alkylation by NNK being O°- methyiguanine (O°MG). In
addition. other base-pair substirutions, frameshift mutations, duplications and deletions were &maed.
This complexiry of mutations suggests that NNK acts through more than one pathway, consistent with a
major role for DNA methylation. with a lesser conmribution from pyridyloxobutylation (Jiao, Zielenska er
al. 1991).

5.1.2.2 Mammalian systems

The methylanng model compound. AMMN (acetoxy methyl methyl nitosamine), was S times more
potent than the pyridyloxoburylating agent. (NNKOAC) derived from NNK metabolism. in inducing
mutanons ar the thymidine kinase locus in G12 cells (Foiles. Peterson er al, 1992), suggesting that
methylanon is the more imponant route in mammalian cell mutagenicity in conmast o the effects in
bactena (section 5.1.1.2), but in agreement with the carcinogenicity data (section 3.2.2).

NNK. at concentrations of 20-200 pg/ml {c. 0.1-1.0 mM), was shown ® induce a dose dependerx
increase in sister chromatid exchange (SCE) in V79 cells in the presence of liver S9 fraction from
Arcclor 1254 premreated rats (Ziminjic, Popescu and DiPaolo, 1989). NNK (up v 80mM) and 4-
hydroxy-1-(3-pyridyl)-1-butanone (1ImM) a metabolite of NNK (see Figure 1) did not induce SCEs in the
absence of metabolic activation (Alaoui-Jamali, Gagnon er al. 1990). In contrast, 4-ox0-4-(3-pyridyl)-
butyraldehyde, another metabolite of NNK. induced a dose- related increase in SCEs without S9
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activation at concentraions of 0.05 to 0.1 mM, indicating that this could be one of the NNK metabolires
responsibie for the clastogeniciry (Alaoui-Jamali, Casionguay and Schuller, 1988).

Induction of DNA single strand breaks (SSBs) by NNK and some of its mezabolites has been investigazed
in V79 cells and in isolated . rat hepaiocyres. 4-Oxo-4-(3-pyridyl)-butyraldehyde induced SSBs at
concenrrations of 0.1-1.0 mM in V79 cells (Alaoui-Jamali, Gagnon er al, 1990) and at 1-2 mM in
mpmaxmmmmmmitmmm,mmm-mmmmmt
1991). This difference in response at comparable dose levels may be due w the superior capacity of
hepatocytes for detoxication of this metabolite, The dose- response relationship for SSB and cywtoxiciry
forhﬂd&y&hkpmswnmmpmmmmadmmmssmu
05mM, but was less genotoxic and cywxoxic than the aldehyde at higher concenrrations. This
observaton suggests that the aldehyde may not be the major metabolite responsible for the genotoxicity
of NNK  (Demkowicz-Dobrzanski and Castonguay, 1991). Two other NNK memabalites,
carbethoxymitrosoaminomethane and 4-(N- carbethoxy-N-nitrosamino)- 1-(3-pyridyl)-1-butanone (NNO)
induced similar levels of SSBs to SmM NNK at much lower concenmrations (5 and 100 M, respectively)
(Liu. Moulay er al. 1990).

5.2 Genotoxicity in vivo

In virro mutagericity assays give an indication of the potental of a substance w0 be a genowoxic
carcinogen. Wmmamaxpomﬁaludﬂbccxprtssedmvivoisda:mmldbyamplexﬂmcdmaf
factors. such as site and rate of absorption. distribution and accurnularion in responsive tissues, relarive
conmibuton of activadon and detoxication pazhways. routes and rates of excretion, etc. These cannot be
predicted, and it is therefore necessary to conduct in vivo experiments 1o determine whether a substance
will express its genotoxicity. However, it is not feasible to reproduce in vivo the full range of in viro
genotoxicity endpoints. Studies of clastogeniciry (micronuclei or aberations in metaphase chromosomes)

in bone marrow cells of treated rats or mice are most commonly used.

BomNNNandNNchmshowntoinduceadosc-rdamdincr:as:inboncmzmwe:llmi:mmdcid
miccu:azedwimzdm'lyi.p.dossonSOandSOOmg/kgbodywcigmof‘rSNAbyasmmM
(Padma. Amonkar and Bhide. 1989). These doses represented the LD50 and 1/2 LDS0, which s in the
normal range for this assay. Th:authorssmedthaxNNKinduwdas‘gniﬁwzﬂylﬁglnrmbad
micro-nuclcimpamdtoNNN.a!ﬁxoughlh:daxaappe;mdvcty similar. Percentages of micronuciei,
s‘milartothoscixﬁucadbyZSOmg/ngNNwemrcpom:dmocmrfonowmgmmofmine[m
not saated) with 0.25 mg ethanolic tobacco extract (Bhide. Kulkami er al, 1989). Injection of 3 daily ip.
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doses of 50 - 150 mg/kg NNK to F344 rats resulted in induction of micronuclei in tracheal epithelial cells
(Zhw, Cunningham er al, 1991). Single strand DNA breaks were found in hepamcytes isolated from rars
injecred s.c. with 2 sh:glemseuf0.39mmolngNK(Dunkowicz-Dobxmﬁmd Castonguay, 1991).
DNA fragmentarion increased 10 2 peak 12 hours after injection, and was repaired in an initial fast phase,
MCQMMMMMMMWZWWHMM

53 ‘DNA adduct formation

As noted in section 4, metabolic acgvaton of NNK occurs via hydroxylation of the methylene or methyl
carbon, resulting in methylation or pyridyloxobutylation of DNA, respectively. NNN does not produce
methyl adducts. The majority of studies of TSNA-induced DNA adducts have concentrated on DNA
methylation by NNK. Formation of DNA adducts is generally taken as the most conclusive evidence that
a substance can interact with DNA within a target tissue. Detection of methyl adducts requires a -
radiolabel in the relevant methyl moiety of the chemical under investigation, as many different chemicals

can cause methylation of DNA. The pyridyloxobutyl DNA adduct formed by NNK and NNN is detected

by hydrolysing the DNA in order to reiease 4-hydroxy-1-(3-pyridyl)-1-butanone (HPB, structure [2) in

Figures 1 and 2). Detection of DNA adducts is not. however, conclusive evidence that a substance will be
mutagenic. Particularly at low levels of adducts and in cell rypes with low wmover rates, the DNA may

be repaired before being replicated and therefore the lesion does not become a mutation. Capacity for

DNA repair. and the fidelity of repair varies with level of adducts. rype of cell. species and between

individuals. '

Admumstanon of NNK 1o rats by various routes resulted in formation of 7-methylguanine (TMG), OS.
methylguanine (OSMG) and O%-methyldeoxythymidine adducts of DNA in the Liver, lmg and nasal
mucosa (Hecht Trushin er al. 1986; Belinsky, White er al., 1986). Methylation was most extensive in
the nasal mucosa. followed by liver, and least in lung. 7MG adducts were approximately 10 times more
prevalent than OSMG adducts. but OMG is considered 1o be more important because it causes mis-
painng dunng DNA replication, resulting in a2 G-C 10 A-T transition. The levels of all 3 adducts
increased throughout a 12 day geament period in the lung, but decreased in the nasal mucosa. The
acuvity of OS.methylguarine-DNA methyitransferase (oﬁmcm. which reflects the ability o repair
the OSMG adduct. decreased throughout the eatment period in lung and nasal mucosa (Belinsky, White
et al, 1986).
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The concentration of OSMG in the Clara cells of the lungs of rars treated with NNK correlated directly
with hmg mmour inddence (Belinsky, Foley er al, 1990). This correlaion was not observed for whole
lung or type 1I cells, although morphalogically the mumours appeared to have been derived from type II
cells. Repair of the OMG adduct also differed considerably among the pulmonary cell types of the rat
and appeared 10 correlate with OSMGMT activity, which was at least 50% less in Clara cells than in
macrophages or type II cells (Belinsky, Devereux and Anderson, 1990). NNK teatmemt resulted in
acpicﬁmofoﬁhkcmmmmm.wpclleausmsmncaus.mnmginimﬁdmmvnym
remove the higher levels of adducts in the Clara cells (Belinsky, Devereux and Anderson, 1990). In
contrast to the lung. the levels of OSMG in Liver declined, over a 4 week treamment period, presumably
due 10 induction of OSMGMT (Belinsky, Foley e al. 1990).

Studies in which cells or organ culwres from rats were incubated with NNK in virro, have generally
supported the in vivo findings (Belinsky, White er al, 1989; Devereux er a/ 1988; Murphy, Heilbium and
Trushin, 1990). DNA binding did not appear to be directly related to the rate of metabolism of NNK but
the data suggest that DNA pyridyloxobutylation may be involved in NNN induction of oesophageal

wmours.

Recently, studies in mice treated with NNK demonstrated similar levels of OSMG in Clara cells and type
I cells of the lung (Belinsky, Devereux er al, 1992). The authors suggested that the GC o AT base-pair

mutanon resulting from the OS-methylarion of guanine. followed by proliferation of the type 11 cells in
response 1o toxiciry 1o the type 1 cells (type 11 cells are progenitors for type 1 cells), could account for the
twmours originating in the type 11 cells rather than the Clara cells. Consistent with this hypothesis was the
observanon that a2 GC-AT mutation was detected in the K-ras gene in 85% of alveolar hyperplasias
induced by NNK treamment in mice (Belinsky, Devereux ez al. 1992). A differemt molecular mechanism is
involved in development of pulmonary tumours by NNK in the rat, as activation of ras genes was not
found in NNK-induced tumours in this species (Belinsky, Devereux and Anderson, 1990).

The relanve imponance of the DNA methylation and pyridyloxobutylation in NNK-W mouse hmg
umours has been investigated using the model compounds described previously (section 5.1.2.1) and
also deuterium substituted analogues of NNK. AMMN produces the same methylating species as that
formed following methylene hydroxylation of NNK, whereas NNKOAc results in pyridyl-oxobutylation
of DNA. NNanmacumednglmgmmmmia.NNKOAcmaﬂywuﬂymm
and AMMN was very actve in comparison 10 an equivalert dose of NNK, indicating that DNA
methylasion is the critical evert in the initiation of mouse lung mmours by NNK (Peterson and Hecht,
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1991). Adminisraion of NNKOAc with AMMN enhanced the persistence of the OSMG, possibly
accounting for the observed synergism of these two compounds. Thus pyridyloxobutylation may increase
the efficiency of DNA methylation by NNK. Studies with [4.4-D2}-NNK, which would undergo
methylene hydroxylation more slowly than NNK, and [CD3]-NNK. which would be hydroxylated at the
methyl carbon more slowly, also indicated that methylene hydroxylation. and hence DNA methylation
was more imporant (Hecht, Morse er al, 1991). [CD3}-NNK. which would result in lower levels of
" pyridyloxoburylation than NNK. induced slightly more lung adenomas per mouse than NNK and did not
decrease OS-methylation. The authors suggested that this indicated that pyridyloxoburylarion could be a
protective process. However, it is also possible that the O9- CD3 adduct produced from [CD3}-NNK

could be more persistent than the OS-CHj adduct produced from NNK.

54 Modulation of genotoxicity

Repeated administration of aqueous extracts of snuff has been shown to decrease DNA methylation by
NNK (Prokopczyk. Adams er al. 1987). No decrease in methylation was seen following pretreatment of
rats with 0.002% nicotine in the drinking water leading the authors to conclude that the nicotine in the
snuff was not responsible for the decrease in methylation The ratio of OSMG/7MG was decreased in

livers of snuff pretreated rats. indicating that the snuff extract may have induced OSMGMT leading to
increased repair of adducts (Prokopczyk. Adams ez al, 1987).

It 1s well established that the metabolism and carcinogemicity of TSNAs is inhibited by various
phviochemical components of certain fruits and vegetables. The most commonly smdied modulators of
TSNA meubolism are the alkylaryl-isothiocyanates (found in cruciferous vegetables), particularly
phenyiethylisothuocyanate (PEITC), winch are primary products of thiogiucosidase-catalysed hydrolysis
of glucosinolates and are generated naturally in saliva. Adminstoaton of PEITC to rats or mice in vivo
resulted in inhibition of NNK metabolism in hng and oral tissue in virro (Morse, Amin er al., 1989;
Murphy. Heiblum, King er al, 1991), and in decreased DNA methylation and pyridyloxoburylation
following a subsequent iv. dose of NNK (Chung, Wang and Hecht, 1985; Morse, Wang er al, 1989).
Inhibinon occurred rapidly and did not result in a2 compensatory induction of the enzyme. /n virro studies
have shown that PEITC inhibited the mewabolisn of NNK .on a mole/mole basis suggesting that it is a
very potent inhibitor.
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Lowmncumznof&}wedﬁmamvmddminmackuummmmmdm
skin. inhibited a-hydroxylation of NNK (Castonguay. Pepin and Briere. 1991), whereas N-oxidation was
only inhibited at concenmations in excess of 40uM. (Liu and Castonguay, 1991). Single srand breaks
mmmmWMﬂvobyNNkaby&)MAMﬁmﬁmdmw
gavage to rats, 1 hour before s.c. injacﬁmofNNK.alsoledtudh:pnﬁcDNAmuhylaﬁma.ium
Casonguay, 1991).

Viamin A has been shown 10 inhibit the u-hydmxylzﬁmofNNKmmhepamcytcsmdmimﬁhitdt
SCEs induced by NNK in V79 cells (Alaoui-Jamali, Belanger e al, 1991).

Indole. L-tryptophan and indole-3-carbinol (all found in crucifrous vegetables) have been shown 0 be
inducers of hepatic NNK demethylation to formaldehyde (Chung, Wang and Hecht, 1985), and resulted
in enhanced hepadc DNA methylation (Morse, LaGreca et al, 1990). In contrast indole-. 3-<=:tnnol

decreased the formation of OSMG in lung, presumably due 10 the increased hepatic clearance of NNK.
Dially! sulphide, 2 component of gariic ail, has also been shown 1o inhibit metabolism of NNK and also
to inhibit its mmourigenesis (Hong, Wang et al, 1992).

5.5 Comment

In 1ts intact form. smokeless wbacco is unsuitable for mutagenicity testng hence the use of extracts
whuch, in theory at least, would conuain putanve carcinogens. Positive results were obtained when
aqueous extracts were tested in bacterial mutagericiry tests and when organic or aqueous exmacts were
tested against cultures of humnan cells in virro. The significance of these results is not clear. It is
generally recogmsed that extraction produces samples which are unrepresemtative of the original material
especially with respect to mutagon-inhibitng substances.

TSNAs are mutagenic both in virro and in vivo. NNK and NNN are mutagenic w Saimonella
fyphimurium TA100 in the presence of a metabolic actvarion sysiem, indicating thar they induce point.
mutanons. The principal mutation recovered from the lac/ gene of NNK-treated Escherichia coli were of
mcGCzoATmsm'on.conﬁnningﬂtinducumofpaimmumimmdmmmnzmju
product of NNK adductions being OSMG. Other muianons were also detected, in accord with the
complex pathways of activation of NNK. and a possible roie of DNA pyridyloxoburylation NNK and
NNN are mutageric 10 various mammalian cells in virro as deiected by mutations, chromosomal
aberagons and DNA damage, generally at concentrations in excess of 0.1mM. It has been demonstrated
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mnuﬁsmmgaﬁcpmﬂnialisexpmsedmwvomnrmmmwofmbendhmdulqﬁm&ﬂ
cellsof rats.

FomﬁmofDNAad@mhnbemdaumsnmdhhm.lmg.msﬂmmWndﬁ&zy
of rats following administrarion of NNK. Studies generally indicate that pyridyloxobutylation of DNA is
of secondary importance to DNA methylation. DNA methylation was greater in the respiratory mucosa
mmmwmquummsmmmnmmmdmwmmm
NNK-induced mmours. indicating that mourigenicity is not solely determined by adduct formation
Similaﬂylcvdsot'DNAmemylaﬂmmdiffmpopuhnmsoflmged!s&)mcnmhzwithNNK
nimxwduunmmmgmamgmﬂ:typenccn;ﬂtccﬂspeuﬁmymmimmmmemhmd
effects of cytotoxicity and DNA alkylation.

The inhibiton of metabolism of TSNAs by dierary constiments (especially phytochemical compounds)
correlates with inhibition of mutagenic potency and formation of DNA adducts. Induction of oxidative
mcubohsntgutmﬂyasmdmdﬁ&adccmhﬁdmfmmﬁmmmw:ﬁsmcst
increased hepartic clearance of the TSNAs. lnaddition.xtpcawdadmimsuaﬁaflqmousmffma.
which induced oxidative metabolism of TSNAS, decreased adduct formarion, apparently due to induction
of repair enzymes increasing the rate of repair of the methyl adducts. These factors combine to decrease
the potenual mutagenic effects on the TSNAs within the smokeless 1obacco.

Thus. it has been demonstrated that NNK and NNN can interact with DNA and produce mutarions in 2
number of different mammalian cell types, indicanng that they have the potential © be carcinogenic.
However. it does not follow that these nitrosamines, within smokeless tobacco, will induce tumours of the
oral cavity. The aromatic amino/nitro class of chemical molecules are known v contzin a high
proporton of experimental carcinogens and mutagens. but has also been shown 1o be responsible for a
dispropordonately high number of false-positive mutagenicity responses in the U.S. National Toxicology
Program (NTP) (Ashby and Tennant, 1991). It appears, therefore, thaz mutagenicity assays are overly
sensigve 1o this class of compound.

6 STUDIES ON THE INTERACTION OF VIRUSES AND SMOKELESS TOBACCO

6.1 Introduction

There are at least two families of viruses vdﬁd:havemmphamdmmmﬁmmophsh-ﬂe
herpes viruses and the human papilioma viruses.
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Human papilioma viruses (HPV) are a group of small DNA viruses that induce beniign siin lesions,
imludingsqu:mouswmsmdpnpiﬂanasmm_m(MxmgaaaLl”Z). A subgroup of about twenty
viruses have been associated with proliferative lesions in the anogenital act This subgroup has been
further divided into two groups: uwﬁ;x*m:mrv-smm-mmmmmm
pmlifenﬁvelesionsmdusmudylmnammmme"highrisk"HPVsmdusHPV-Mde-n’V-
18 which are associated with lesions thar can progress © cancer. For exampic 85% of cervical
cam'mmascmxainHPVDNAsequmccssomcofwhidaI:clmgmut"highﬁsk"!-IPVDNA(Ham
and Schneider, 1987; Riou ez al, 1990).

A number of HPVs have been associated withomlpmlifemjvelcsiominmmmdmmwglntobcaz
of the causarive factors that lead 10 the development of malignancy. Some HPVs have been associated
wimor.alleukoplaldaandwithkeramssofu:typcfmmdhusexsofmokd&mbawo(Gmraal.
1987). Recently, Wans er al (1991 have shown that approximately 60% carcinomas from the oral
region (floor of mouth, tongue, pharynx and larynx) were positve for DNA from a variety of HPV
viruses including the high risk HPV-16 or HPV-18.

It wouldthmappcarlkaPVmaybcimpﬁcamdinth:dcvelopnanofonJcaru'nnmainm
However, mmdocsmtappcarmbcmycﬁdumﬁmwrkmexpummmmﬂsmidﬂﬁfym
extent to which HPVs are involved in this neoplastic process and whether extermnal agents can influence
their acuwvaty in this respect. It is an obvious area for future research.

Herpes viruses form a large group which infect most mammalian species. There are four types which
have been implicated in human disease: Epstein Barr Virus (EBV), cytomegalovirus (CMV). herpes
simplex virus (HSV) and varicella-zoster virus (VZV) (Shillitoe and Silverman, 1979). The Epstein-
Barr virus is almost cenainly the cause of Burkitt's lymphoma (de The ez al, 1978) and cytamegalovirus
1s thought to cause Kaposi sarcoma (Giraldo e al, 1978). HSV can cause acute and recurrent infections
1n the oral or genital cpithelia in man and has been Linked with cancer developmen at both of these sites
(Rawls et al. 1969: Shillitoe and Silverman. 1979). HSVs are divided inio two principal types, HSV-1
and HSV-2, according to the production of small (HSV-1) or large (HSV-2) vesicles when injected into
the choricallanioic membrane of the chick embryo. HSV-1 is generally isolated from the oral cavity
epithelium andHSV-Zisprimarilyfamdinu:gaﬁnlrcgimsbmtt:divis’mismabmlmm
cither virus may be isolated from these anatomical sites (Shillitoe and Silverman, 1979). HSV-1 virus is
ubiquitous and approximately 70% of the adult population in the USA and Westem Europe is
seropositve for this virus (Larsson er al, 1989),
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According 1o Shillitoe and Sverman (1979) the course of the infection by HSV-1 is aften divided imp
three stages. Dmingﬂtpﬁmuymgevesiml;rl;ﬁas:ppwmdmbaﬁedmuzmm
membranes but the virus avels back along the sensory nerves towards the regional sensory ganglion
where it may remain latent for several years. Subsequent herpetic infections are not due o exogenous re-
infection with HSV but to the release of virus from latency followed by its passage along the sensory

‘nerves to the skin. Reactivation of the virus is not always accompanied by epithelial cytolysis indicating
' that the epithelial cells can be repeatedly exposed to HSV without being killed (Shillitoe and Silverman.

1679).

A substantal number of reports have as;ociamd HSV-1 with leukoplakias, epithelial dysplasia and
cancer of the oral cavity in man (Shillitoe and Silverman, 1979) and experimental investigations were
conducted 1o define the conditions under which the virus can induce mmours. In early in virro studies
Duff and Rapp (1971) showed that if the cywolytic properties of the virus were inhibited by exposure 1
UV-light the virus became capable of transforming hamster cells in culure. These cells grew ino
carcinomas if they were re-introduced into the original host. Subsequently, it was shown that cultured

cells from a variery of species can be mansformed under these conditions both by HSV-1 and HSV-2
(Rapp and Shillitoe, 1978).

Furthermore. Park. Sapp ez al (1986) drew anention to the possibility that a number of agents other than
UV light may anenuate the cytwolytc propertes of HSV in the course of the early infection or during the
reacovanon phase thus enabling the emergence of the carcinogenic propertes of the virus. This comment
would apply parucularly to snuff because of the long time it is retained in the mouth.

The experimental evidence for the involvement of HSVs is reviewed in the following sections.
6.2 In virro studies

One of the eariiest and most comprehensive studies on the effect of tobacco extracts on HSV replication
tn virro was conducted by Hirsch, Johansson and Vahlene er al (1984). Aqueous extracts were prepared
from three different brands of snuff and their toxicity was first established by exposing Green Monkey
Kidney (GMK) cells o various dilutions of the extract. It was found that the undiluted extracts produced
a slight toxic effect on the cells and reduced the infectivity of the virus. At lower concentrations there
were no such effects and a dose- related decrease in plaque formaron, indicative of inhibition of virus
replication, was observed. Further tests revealed that the exmracts blocked HSV reproduction at an early
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stage, probably at the stage of viral DNA replication. Additional tests on these three brands revealed that
nicotne and TSNAs in the amounts (concentration not given) found in the three tested brands could
inhibit HSV replication.

Sﬁc&ﬁad(l%?)ﬂmfumdmawmofmmﬂ:md}m-lvimsin
Vmﬂkhawwmﬁm&m&nmm.hﬁmhmdmﬁmﬁzm
the ‘inhibition. -Snuff extract also reduced significantly HSV-1 DNA synthesis in a concentration-
dependemt manner in Vero cells. At the higher concenmration, the DNA synthesis of Vero cells themselves
was reduced but at lower concenmations anly the viral DNA synthesis was affected. Furthermore, HSV-
1 was inactivated and its cell lysing activiry was lost when it was incubated with snuff in cell free

Suk ez al (1990) confirmed these findings. They found that an agueous extract of snuff inhibited  the
replication of HSV-1 in Vero cell monolayers in a concenmation-dependent mammer. At higher
concentrations the DNA replication of the Vero cells themselves was also inhibired. They further found
that the production of proteins essential for the viral DNA synthesis was aiso inhibited suggesting that
snuff exuact inhibits HSV-1 DNA replication via the alteration of viral protein synthesis.  But the
inhibiton was not total; a2 proporuon of these proteins was continuously being produced even in the
presence of the highest concentration of snuff extract indicating thar concentrations of snuff exmract
which inhibit cell lysis by inactivanng the cywlytic ability of the virus do not totally abolish the
expression of viral genes. This is a situation which. according o Park, Akotw-Amanfu and Paik (1988),
may wncrease the risk of cell ransformation (oncogenic capacity) by the virus.

Later studies revealed that NNN, NNK and an aqueous extract of snuff (NNN or NNK up to 10ug/ml
and snuff extract up 10 5% of culture medium) had no effect This is thought to be due t an induction of
DNA repair mechanisms by the carcinogens (Dokko er al, 1991). The authors thought that an increase
of repair mecharusms might make them error-prone and result in DNA misrepair which might angment
viral integranon inw the host cell.

Park. Dokko er al (1991) reponed similar findings. They exposed NIH/3T3 cells to HSV-1, NNN or
NNK and found that the ransformation frequency (foci of transformed cells/106 cells) was, respectively,
12. 42 and 47. The additon of NNN at a range of concentrations (1-10 pg/ml) o the culture medium
followed by UV-irradiated and HSV-1 inoculation increased the transformation frequency at all
concentranion levels by three-fold  Under the same conditions, addition of NNK at the same range of
concentragons resulted in a four-fold increase in the frequency of transformation.
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This in vitro work shows that TSNAs and aqueous snuff extract can inhibit the cytolic ability of the
HSV-1 virus thus leading to cell ransformation. They can also potentiate the rate of UV- induced cell

6.3.1 Oncogenes

There is considerable evidence that mammalian cancer is the product of genomic instability. The critical
target genes believed to be of primary importance in cancer production are oncogenes, tumour suppressor
genes. metastasis genes and senescence genes.  Oncogenes are activated by a mumber of factors such as
viruses and chemical carcinogens. The effect of chronic snuff dipping on oncogene activation was
studied by appropriate techniques in animals. Hamster buccal pouches were exposed 0 snuff twice
daily, 5 daysamkforwweeksmdumgatcxpmimwndaﬂmhndbyﬂzvinlpmbcm
v-erb-b. The results indicate that chronic simulated snuff dipping alone does not induce the amplification
ofhuowc:ﬂﬂupruo—amgutscmbmcpiﬂnuﬂﬁsmesofhammbucwpwdm lntm
hamster cheek pouch cells infected with HSV-1 virus there was a slight increase in v-erb-b hybridisation
to the cellular DNA indicating that c-erb-b may be amplified by snuff dipping and continuous infection
with HSV-1 (Park. Akoto-Amat and Paik. 1989). According to these authors. this oncogene along with
other erb-b oncogenes have been well documented as “a causarive factor” in various human mmours,

6.3.2  Pathology and virus replication

The role of snuff in the production of oral cavity umours in animals infected with HSV-1 virus has been
invesugated in 2 number of studies afier the demonstration by Hirsch, Svennerholm and Vahine (1984)
that 1t was possible to produce an acute HSV-1 infection in rats artificially, by scarification of the Lips
and by applying a culture of the virus on the scarified area. Recovery of the virus from the wigeminal
ganglion was only possibie in 10% of the infected animals so thar the virus has © be repeatedly applied
10 the mucosa 0 maintain its presence. Park, Herbosa er al (1985) inoculated groups of male mice
(BALB/c) with an HSV-1 virus propagated in Vero cell monolayers and studied the lesions which the
inoculated virus produced in the lips. They also studied the effect of applying a water extract of snuff an
the developmert of the viral lesions. The snuff extract was applied three times a day, five days a week
for two months. Distlled water was applied in the same way © controls inoculated with the HSV-1
virus. Groups of mock-inoculated mice (scarified and swabbed with sterile culture medium) were also
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mciuded. mm:lswutobscmdcvuydayforﬂzz-mmmammimof&mmm

lzwswywmummumm-mmmynmnmmmm
and oedema appeared on the following day. Smumwmumaymmm
occurred on the seventh day. Thcmﬁcr.u:lsimbegmtolmlmdmmpladyh:abdbyu
fourteenth day after inoculaton Top’calapplicaﬁmofaq:mmffmwthmdsﬁy:uym
severity of the lesion. At the end of the experiment no lesions were observed in mice inoculated with the
virus only or in mock-inoculated mice weated topically with distiled water or suff extract
Hismlogically.amﬂdmcdmmfumdhhﬁpsofﬂ&mock-hmﬂmdmicccmsisﬁngofsﬁgm
hyperkeratosis. inflammarory cell infilvation and acamthosis. In HSV-1 infecied mice, the
hyperkeratosis. acanthosis and inflammatory cell infilzation were only slightly more pronounced than in
the previous groups. but a severe reaction was observed in mice infected with HSV-1 virus and treated
topically with aqueous extract of snuff. In addition epithelial “arypia” were found in this group. -

Tncdcmomuaﬂonmaxapplicaﬁanofanaqueousexmofmnfftou:lipsofnﬁncinocuhmdbyltc
HSV-1 virus caused a much more severe reaction than either applied on their own led w an investigation
lo determine whether this severe reaction implied an activation off,hc virus (Park, Herbosa and Sapp,
1987). Groups of thirry BALB/c mice were inoculated with HSV-1 culwres on their upper lips and then
painted with either distilled water or an aqueous extract of snuff three times daily, five days a week for
two or three months. A group of "mock™ inoculated animals (scarified lips without virus inocularion)
was also included Atu:aidofﬂtcxpaimmallmicewcnidnedmnigunimlmgﬁam
removed and examined for the presence of virus. Swabs for viral cultures were taken on the seventh and
thineenth post- inoculaton days.

The clinical feares of the discase wer:dosdysimilarmunscdcscﬁbedmﬂ:prcvimxspapcrm
Herbosa er al, 1985). Viral cultures taken from the Lips of HSV-1 inoculated mice of all treamment
groups were positve for HSV-1 on the seventh post inoculation day but negarive on the thineenth day.
In mock inoculated mice cultres were negative on both days. At the terminarion of the experimerz all
HSV-1 inoculated mice had established a latent infection (in the migeminal ganglion) with this virus but
none of the mock inoculated ones did so. Topical application of distilled water or snuff extract o the site
ofviminocmmonmu:uppcrlipdidmtindnectrzs!nddingofnnvimsuﬂ:sicofimmhﬁm
Thus. the severe reaction reponed by Park, Herbosa ez af (1985) at the site of virus inoculation followed
by the application of snuff exoract may not signify activarion of HSV-1 virus.

42119



REPORT RI93/TOXA001

Rars infected by HSV-1 virus were used by Hirsch, Johansson and Vahine (1984) 1 investigare the
possible role of suff applied regularly 1 the oral mucosa of infected rats in the development of oral
carcinomas. Employing the “lip-canal” mode! (sec Section 2.4), the following groups of ten rats were

) umreawd:

ii) treated with snuff inserton daily for eighteen months;

fii)  infected with HSV-1 virus without further treament:

iv)  infected with HSV-1 virus and meated with snuff.

The results of this study did not indicate any carcinogenic response to either HSV-1 alone or snuff alone.
However in the group treated with both HSV-1 and snuff there were two carcinomas in the oral caviry,
The non-neoplastic pathological changes in the oral cavity followed the same course as those nowed
carlier (see Secnon 2.4). Apan from the lip canal there was no significan: difference between any of the
groups in the incidence of wmours. In this investigation, virus was cultured regularly from the oral
cavity of inoculated rats while no virus was isolated from the uninfected animals.

Larsson, Johansson et al (1989) used the rat lip canal mode! to compare the actions of snuff as a
promoter to virally “inidated™ cells with its actions on chemically “initiated™ cells (see section 2.5).

In the virus pan of the study 55 Sprague-Dawley rats were divided into four groups and all had surgery
to creare an artificial lip canal. Two groups (1 and I - see Table 27) were inoculated with HSV-1 once
monthly for the duration of the sudy. Group IIl were then treated with MngSwedmmuﬁmmm
canal rwice daily five days a week for the duration of the study allowing an average exposure of twelve
hours per day. Two further groups (controls) were included. One (Group VI) was left untreated after
constructon of the lip canal and the other (Group II) received snuff in the same way as Group III but no

Other meamment  The swudy lasted for 30 months except for those rats which were killed earfier for
humane reasons.

Squamousce.uca:c‘mom&sofmclipcamlorclosctoisoriﬁccwcrcfoummmemineadwampsl .
and II. mmwmmmmofmomm:ymcmpm. Other mimours occurred systemically.

They were mostly single mmours and appeared to be unrelated 1o reamment.

The number of mumours of the oral cavity observed in this study is too small t be conclusive and there is
no indicanon of any interaction berween exposure to snuff and exposure 1o HSV-1 in this smdy.
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lnasmdymGoldeyﬁmhmm.Park.SzppdeubosaezaL(l%ﬁ)dividadmhnnmdmd
rwenty-five males into seven groups of fifieen 1o twenty animals per group as follows:-

)} No treamment;

i) Mock inoculation;

#ii)  Mock inocularion plus simulated sff dipping:

v) HSV-1 inoculation:

v) HSV-2 inocularion;

vi)  HSV-1inoculation plus simulated smuff dipping:

vi)  HSV-2inoculation and simulated snuff dipping.

The viral inoculations were repeated once every four weeks for twenty-four weeks. Approximarely
lSOmgofmuﬂ'wasplwcdincachpouchtudc:adayforsixmanhsudmdzexpeﬁmemwas
terminated. Ten out of twenty and 11/20 hamsters from Groups (vi) and (vii) respectively had developed
invasive squamous cell carcinoma of the cheek pouch. ‘No mmours developed in any one of the other
groups.

In a subsequent experiment Park, Min et al (1993) investigated the imteraction between HSV-1 and NNN
NNK or BaP in Syrian Hamsters. GmupsonOhamrsmhmﬂamdupea:edly(plts:mzblyevuy
4 weeks) with 100 ui culture medium or with the same amount of culmre medium containing HSV-1 ino
thcrightbuca.lpmch.’!'hcleﬁpouchwaslchumwedthsit:ofinoallaﬁmwasﬂmutmdm
topical application of 1% NNN, NNK or with BaP.cadldiso!vedmmaldl.orﬁmmin:nldl
alone. The topical applications were carﬂcdmlmmclimesawe:k.foramiodofw weeks for BaP and
20'wecksformncmloil.NNNorNNKmcxpcﬂmmmmmmdwwmmhﬁm
mnoculaton. No umours were observed in the pouches of any of the groups except the two groups reated
with BaP. There wasalowmddcruofpouchuunoursmnzgmupmmdwimculm:medimplus
BaP and a higher incidence in the group treated with HSV-1 plus BaP (see Table 28).

6.4 Comment
There is litde doubt that HSV-1 infected cells in virro can be transformed into powntially malignant cells
byagemsthaxsuppxmsdccytolyticeﬁeaofunvimsmdxasUVr:dinimandd’:mimlardmgms.

Thi.ssupprcssionismougmmbcadﬁcvedbyinwfcmudmu:cenuhrsymhsisofpmdnsmml
fortrtgmmhofthevimswtﬁlelcavingmmu:cxprm-imofmevinlgme.
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In vivo studies do not, however, present such a clear picture. A carcinogenic effect was produced when
hamster cheek pouches. infected with HSV-1 virus, were exposed 0 snuff but this experimen would
havebemmuchmmcwvuungxfuhadhsmdmueﬂmmmmths. If the animals had been kept
Mgumudﬁmmmmmmmmmmm;dwnmmmd
an interaction berween HSV-1 and snuff.

.Sane'mpponfmﬂzmkofmuﬁmacdvmﬁgﬁtpmmndwdmguicpmpaﬁesfmm-l was
" provided by Hirsch, Johansson and Vahine (1984) who repored two carcinomas in the oral region of rats

infected by HSV-1 virus and mreated with smuff. The number of mumours induced is, however, 100 small
10 be convincing and a subsequent experiment on similar lines by Larsson, Johansson ez al (1989) was
negative with respect 10 interaction between HSV-1 and smuff. No tumours were produced when NNK
and NNN were applied topically 1o the cheek pouches of hamsters inoculated with HSV-1. BaP, under
the same con&nau.pmduczdalowmdawcofmmouswtmappheddnmdahxgmrmdmce
when applied 0 virus inoculated hamsters.

'I'hcreasonforthescincmdusiveresultsisnotclearbmisinkeepingwiﬂxthcdanmmatmuﬂ_’
Or its aqueous extract does not activale a latent virus infection suggesting that it is not irritant enough and
does not contain enough carcinogenic TSNAS 1 do s0. It is well recognised that trauma such as
epilanon. cellophane-tape stripping and topical application of dry ice (Park, Herbosa and Sapp, 1987)

can acnvate a latent HSV-1 virus infecton but these operatons are likely 1o be much more raumatic

than the applicagon of snuff or snuff extract

It 15 noteworthy that in the in vivo experiments mentioned in this section, snuff or snuff extract on their
own. produced only a very low incidence of tumours. while NNK and NNN applied on their own were
negaove. The invesaganon showing that snuff does not activate oncogenes is in keeping with the absence

of carcinogemciry of snuff.
7 AN OVERVIEW
The poental carcinogemcity of smokeless tobacco was investigated in laboratory animals presumably
because of anecdotal accounts and epidemiological studies claiming an association berween oral cancer

and smokeless tobacco.

Most of the early experimental studies were conducted on the cheek pouch of hamsters because the cheek
pouch represented an easily accessible area of buccal epithelium which could permit long-term
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applicasion of smokeless tbacco (see section 2.1). The methods employed in these studies varied from a
single filling, which was left in place till the termination of the smdy, 1 removal and replacemen: of
smokeless obacco on a daily basis. The former method can be criticised on the basis that any water-
ml@ieaﬁmmmmyhdmdﬂﬂ@aﬂmwdmmhmmmmnmm
contact of carcinogens with the epithelium of the cheek occurs. This method, however, allows
w'dnogmswhichmspninglysolublehwammbeehmdgxz&nﬂybyﬁ:saﬁvamdmmem

.conginuous contact with the cheek pouch epithelium. Frequent replacemen: of smokeless tobaceo on the

other hand. has the advantage of ensuring prolonged contact with the pouch mucosa by carcinogens that
elute quickly. Thus both methods are useful for investigating the carcinogeniciry of smokeless tobacco.

Whichever method was adopted. results of these long-term studies in the hamster cheek pouch. did not
demonstrate a carcinogenic effect  In contrast. the inwoduction of various polycyclic aromaric
hydrocarbon carcinogens in the hamster cheek pouch resulted in a high incidence of carcinomas even
though the applicaton was limited to a few weeks. This shows that the hamster cheek pouch is capable
of developing carcinomas when exposed 10 carcinogens and that the negative results with smokeless
tobacco were not due to an insensitivity of the cheek pouch epithelium to carcinogens.

It is interesting to observe that there was 2 mild to moderate hyperplasia (an increase in the number of
cells) in the hamster cheek pouch which was accompamied by 2 mild 1o moderate inflammatory cell
infilranion whether the application of smokeless tobacco was repeated or was carried out once only. No
metaplasia (change in cell morphology) or fibrosis was ever reported. |

Another method of obtaining long-term exposure of the buccal epithelium to smokeless tobacco is the use
of 2 surgically-constructed lip canal in the rat. In contrast 10 the results with the hamster cheek pouch
repeated inserton of smokeless tobacco in the Lip canal of rats provoked a marked epithelial as well as a
marked connectve tissue reaction which intensified with the progress of the experiment.  As discussed in
Comments. Section 2.4, severe reactions of this sont are liable to produce wumours even in the absence of

any chemnical carcinogens.

The mildness of the reaction produced in the hamster cheek pouch suggests that smokeless wbaceo itself
is only 2 mild imitant so that some other factor must be responsible for the severity of the reaction
oObserved in the lip canal. As pointed out in Comments, Section 2.4, the rubbing of the tissues

consututng the lip canal by the implements used to clean out and refill it with smokeless wbacco must -

account for the considerabie tissue damage observed When one takes into account that the process is
carmed out twice daily it becomes evidert that mechanical injury must have played 2 major role in
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m@gumMMMWmmwmmmmum
of the umonrs observed It would appear likely that in the confined space of the rat oral caviry the
manipulations invoived in filling the lip canal twice daily may have produced sufficient damage in the
mucosal epithelium of the tongue and hard palate to produce the few tumours reported in this region.

-lnsaneofthcsmdismﬂ'zlipwm.alawhﬁdauofmachmmmmpomdmms

treated by smokeléss tobaceo alone. The significance of the induction of forestomach tumours in rats and
mice has been imensively smdied and it has been shown that chronic damage to the epithelial cells will
lead to the production of both benign and malignant mumours (Grasso er al, 1991). Thus the appearance
of a few forestomach tumours in rats do not indicate that smokeless tobacco has any carcinogenic

potency.

In long-term dietary studies on mice, rats and hamsters there was no evidence that smokeless tobacco
possessed any caranogenic potential In the hamster smdy, which involved 2 years exposure, the
neganve control substance, celiulose, produced a low incidence of forestomach tumours.

Only one relevant wpical application study with smokeless tobacco has been found.  An agueous extract
of snuff was applied to the mucosa of the oral cavity for 2 years and no tumours were observed thus
underlining the fact that smokeless tobacco is not cartinogenic in experimental animals.

Analyucal studies revealed the presence of a number of niosamines in smokeless tobacco. Many of
these are present in other products that come into contact with man but six non-volatile mitrosamines
were only found in tobacco and were called “Tobacco-Specific Nigosamines” (TSNAs). Several
expenments were conducted 1o assess the carcinogenicity of TSNAs and two (NNN and NNK) have been
found 10 be alkylating agents and to possess both mutagenic and carcinogernic propertes. The other four
were either non-caranogenic or equivocally so. Both NNN and NNK produced tumours when
admunusiered by the oral or parenteral route in hamsters, mice and rats. The principal warget organ by
both routes in mice is the lung. In rats the nasal cavities appear 1o be the main region affected by both
muvsannnesbutNNNmaddin‘medaninddenceofmmmrsmmctmongm:inhamsmsﬂtA
most commonly affected site is the tracheal epithelium as well as lungs and nasal cavity. The liver was
affected in all three species but at a relatively low level. Where more than one dose level was used, the
incdence was dose related and both benign and malignant mmours were produced. A clear carcinogenic
response was produced even when the respective mivosamine was given for a limited period only. Thus
NNK and NNN behave as systemic cartinogens, producing tumours away from the sit= of
administration. The oral cavity does not appear to be a target organ of either NNN or NNK. Topical

~
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applimﬁmofdﬂ:rtﬁmhzmmownmucmgwcpid:ﬁmdnﬁcdidmmmmm
fmmaﬁmafonlnmwm.bmﬁzappﬁczﬁmofamimﬁ:ddzmmbsmmsmhmﬂmnmd
uwmmnmmmmddmccofbmignmmwhid:mmuauyﬁmiﬁm

mmﬂmmmmﬂmNNwahMthmu:
claimed that it was a locally-acting carcinogen. Thsmmmmmsmahdbeausepammnl
administration of NNN also produced oesophageal mmours.

SwemlsudxshavebemcaﬂuaedmdumdamﬂnmenbdmofNNNndNNKmdnwmﬂdm
thaxmctwomunsammmmcmbolmdbydtmsomnﬂyofmyms. Both in virro-and in vivo
smd:cshavcsmwnmanhcmcxabohcpam\waysmurnsmcst!mmhmnmbe “targets’ for mmour
pmductionbytrtscmunsamincsdomldiﬁermbmndmyﬁmthepathwaysfumdinlismesthnm
unresponsive 10 umour production. Nevertheless marked Quantitative differences have been observed
wtﬁchmigmcxplamdiﬁemcesmorgmspcdﬁryofuzmnoﬁguﬁcm Thus NNK and NNN are
mctabohsedviaﬂnszmepazhwaysbyu:osophagealmucoaofﬂzmhnNNN.wtﬁchMca
mours in this tissue, is metabolised much faster (2-10 times dependent on dose) than NNK.
Quantitanive differences of this son were observed in cenain selected organs.

Animercstingandimponamfcammof;!:me:abolisnsmdisisﬂ:mnnberofaguﬂs.mdnlypmdum
foundmfooawmdxcanslowdownmmtdbiwnmmbolivnofmmm Smokeless wbacco
itself would appear to act as an inhibitory agent in vivo. thmasanﬁxnneofNNKmdNNNpmdumd
afcwbcm’gnmmourswhappliedtotheonlmucosaofms.dumemmneaddadtookdw
lobacco produced a much lower umour incidence. When mentioning TSNAS in smokeless wbaceo if is
imponammbcarinmindmeverylowcmccxm'anmsatwﬁchﬂtympxsmxmdﬂ:lowlcvduf
exposurc 10 smokeless tobacco users (e.g. Tricker and Preussman, 1991). Other nirosamines, mainly
dumethylamine and diethylamine, occur in some nitratesmitrite preserved food at about the same
concenranons as in smokeless wbacco. Sofarmmhablecvidsuhasbem;mdwadwlndxm
maumsclcvelsofmtmsammcsmfoodpmducecamcrmmm musdnmm&temmofmgmc
mmmmm&d&mbw&smxmmﬂmmokﬂcswbmnmmgum Indeed animal
stuches have shownmaxsmokclsslobaccoxsnucamnogunc.

Mutagemcity tests were originally devised to screen matenials for carcinogenicity testing because it was
believed that interaction between DNA and the carcinogen was essential for tumour production. Long-
mmammmammaﬂnwnm&d&mbmmummmcbfmmmm
lests were generally available. Moreover, snokdswbaccomdfisdﬁmkmlmdimcﬂyinu
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standard tests and so extracts have been used. The results in the Salmonella/microsome test and in some

»mznmaﬁancensyms.hﬂudmghummcﬂmm'mm&ve. However, since these

mutagenicity tests are generally recogmised t0 be exguisinvely sensitive, and since exmaction causes
antificial separatian of the components of smokeless tobacco, the positive short-term tests results do nox
over-ride the absence of carcinogeniciry in long-term animal studies.

A high incidence of oral cancer was observed when snuff was applied to the oral caviry of hamsiers
which harboured an active infection with herpes simplex virus for the whale of the experimental period.
No mmours were observed in hamsters or rats treated in the same way with smokeless tobacco but
without an artificially-maimained continuing active virus infecton

Overall the expenimental studies suppon the conclusion that smokeless tobacco has not been shown to be

carcinogenic in the oral cavity of experimental animals.
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TABLE1  Tumour incidence @)in male F344 rats() after the application of snuff in the lip
canal. See page 12 of text. From Hecht, Rivenson ez al, 1986.

Group Number  Lip Tongue Hard Floorof  Nasal Stomnach
of rats Cana! Palatt  mouth Cavity

Control 10 0 0 0 0 0 1

Snuff 32 1+1) 0 1 0 0 1

Extracted Snuff 21 0 1 1 0 0 1

Enriched Snuff 32 0 0 0 1 ) 2

Noies:- (a) Numbers in brackets indicate malignant rumours, all others were papillomas.
(b) Surviving to 116 weeks
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TABLE 2 Incidence of proliferative lesions in male Sprague Dawiey rats (28 or 29 per group)
:nethetpplicaﬁonofNQOwthelurdpahtemdmuﬂtohpumL See page 14 of

" text. From Johansson, Hirsch ez al, 1989.

Tumours Squamous cell hyperplasia

I n m v v 1 )1 m v v
Lip and lip canal 1«1) - - 1 - 24 6 4 25 10
Hard Palate - 2«1 - 2 4 . . 18 7 7 14 2
Tongue - - 2H2) K1) - - - - - -
Nasal Cavity 1270 ) IS 1 - - - - . .
Forestomach 1 - 2 2 - 18 4 6 18 1
Lip (sarcomas) )] - - €)] - - - - - -

Numbers in brackets indicate malignant mumours.

Group 1- Snuff insertion for 104 weeks. :

Group Il - Painting hard palate with propylene glycal (PG) for 4 weeks.

Group 11 - Hard palate paimed with NQO in PG for 4 weeks.

Group IV - Asmeupmbmmthsmffmscnedmhpwnlforamrmerleecks
Group V - Insertion of satine in cotton wool for 104 weeks.
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TABLE 3 Tumour incidence in male Sprague Dawiey rats (38-42 per treated group with 30
controls) after the application to the lip canal of NQO or DMBA followed by snuf?.
See page 14 of text. From Johansson, Ssidi ez al, 1991.

Sarcomas ) Squamous cell armours

I i m v v W 1 I m v VvV VI
Lip canal - ® a0 (1) @25 (@ - a 2 WD) 2K1) -
Hard Palate - - - M - - - @ 60 ® & -
Buccal mucosa - - - - - - - - . M - -
Nasal Cavity L @ - - o - -
Forestomach R T T - @ - -

) B

Numbers in brackets indicate malignant mmours.

Group 1 - DMBEBA plus coton peliet
Group 11 - DMBA plus snuff.
Group III - Snuff.

Group IV - NQO plus couon peller
Group V - NQO plus snuff.

Group V1 - Saline plus conon pellet
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TABLE 4 Survival and tumour incidence in male F344 rats treated by topical application to the
oral mucosa of snuff extracts, or NNN and NNK. See page 7 of text. From Hecht,

Rivenson et al, 1986.

Group Amourz of Survival Cheek Hard Tongue Lung

Narosamines (weeks) Palate

(ug/application)

NNN NNK
Water conmrol - 103+34 - - - 1
Snuff exract 6.6 14 108+24 - - - : .
Snuff extract &
NNN and NNK 74 15 106£32 1 1 1 2
NNN and NNK 68 14 106+39 6 1 2 1+4)

Numbers in brackets indicate malignant umours.
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TABLE 5 Tumwhddmceinhamm(soofmmm”dmm)dosedonuy.See
page 8 of text. From Homburger er al, 1976,
Cellulose(@  Snuff®  Mca Smuff(d) + MCA  Cellulose(® +MCA
(Smgfdose) (0 Smg/dose) QSmg/dose)
Forestomach 3+(4)._ T+ 50+(20) 1+2) 6+
Glandular
stomach 0 0 (19 ® ©®
Small
intestne . 0 0 (€] 0 0
Large
intestne )] (1) 1+(51) ¢)) 4]
Notes:- @) 209 in dier
®  McA = Methylcholanthrene

(©)

Numbers in brackets indicate malignant mmours.
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TABLE 27 hddmceofnquannmcdlmmminﬂ:suwedwithm-lorNQOmdmff.
See pages 14 and 43 of text. From Larsson, Johansson ef al, 1989,

Group Number Carcinoma Papilioma
of
rats
Ear Lip Ora Nose  Forestomach Lip  Forestomach
duct cavity *
I 12 1 1 - - - - -
) 1{ 13 - - 1 - - -
m 15 1 - - - - - -
v 12 -. 1 - - -
\Y 12 - - 2 - 1 -
VI 8 - - - - - - -
Notes:- All animals had an artificial kp canal
Group | = HSV-1 inoculation
Group I1 = Sauff
Group 1 = HSV-1 inoculation + snuff
Growp IV = NQO
Group V = NQO + snuff
Group VI = Control
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TABLE28  Effect of tobacco related chemical carcinogens on HSV], alone or in combination, on
mewopmtoforalanwmmehmubz_xml pouch. See page 44 of text.

From Park, Min et al, 1993,
Group no No of pouches No of pouches Invasive squamous
pergroup - with tumours cell carcinorna
1 20 0 0
2 20 0 0
3. 20 0 0
4 20 0 0
S 20 0 0
6 20 0 0
7 20 4 9
8 18 10 4
Notes:- Two animals died premamyrely of encephalisis in group 8.

Groups 13,5 and 7 Wwere mock inoculated and then treated topically with mineral ail
(Group 1) or with mineral oil containing l%ofNNl((GpB).NM@(GpS)orBaP(GpD.
Groups l4.6md8w=incmhmdvdxhﬁ$V-lmdﬂthqicaﬂywiﬂ:m’mmloﬂ
(Group Z)G'mhluzloﬂcumzimm 1% of NNK (Gp4).NNN(Gp6)orBaP(Gp8).

No of hamsters per group - 20,
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FIGURE 1l Postulated major metabolic pathways of.NNK.
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FIGURE2. Postulated major metabolic pathways of NN\
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Dr C W Jameson

National Toxicology Program . rT ’f{
Report on Carcinogens ] A
MD WC-05 University

PO Box 12233

Research Triangle Park of SllITCV

NC27709
USA
direct line: +44 1483 259204
fax: +44 1483 300374
October 6, 1997
Dear Sir

Re:  Federal Register, Vol 62, No 13, p3727: NTP Report on Carcinogens. Ninth Edition

We understand that oral use of smokeless tobacco products is proposed for listing in the Ninth Edition of
the NTP Report on Carcinogens. We have conducted an extensive review of the scientific literature on
smokeless tobacco in order to examine the experimental evidence relating to smokeless tobacco and oral
cancer. Overall, the experimental studies support the conclusion that smokeless tobacco is not
carcinogenic in the oral cavity of laboratory animals. Moreover, it is our judgement that those
experimental studies do not support the listing of oral use of smokeless tobacco products in the NTP’s
Ninth Report on Carcinogens.

We have been requested by United States Tobacco Company, which funded our work, to provide you

with the enclosed copy of our monograph entitled “Assessment of the Experimental Evidence Relating to
Smokeless Tobacco and Oral Cancer”, issued on October 31, 1996. The monograph describes the

experimental studies in detail and the justification for our conclusions. Since preparing this monograph,
we have continued to scan the relevant literature and have seen nothing which would lead us to modify
our conclusions.

Yours faithfully,

Pt e N

Professor Paul Grasso, MD, FRCPath Diane Benford, BSc, PhD Alan Mann, MSc, CChem

SBS

School of
Biological
Sciences

Schonol of
Biolowmical Saaiences

Unnervn ol Surres
Connildiored
Surres GU2 SXH UK.

Tl 01153 300800
Fan: OIS 370978 300574
Teles: 839331

Hevd of Sedwd
Protessor |\ Lynch



| REVIEW OF RELEVANT INFORMATION ON EXPERIMENTAL
CARCINOGENESIS AND SMOKELESS TOBACCO

Prcpircd by Torbjérn Malmfors, M.D., Ph.D. for Submission to
National Toxicology Program in Connection with its Review
of Smokeless Tobacco for Possible

Listing in the Ninth Report on Carcinogens

I am Dr. Torbjorn Malmfors. I am currently a consultant toxicologist and
principal in the firm Malmfors Consulting AB, Stockholm, Sweden. In 1959 I
was awarded the bachelor of medicine degree by the Karolinska Institute,
Stockholm, Sweden. In 1965 1 defended a doctoral thesis at the Institute and
in 1971 1 was awarded a doctor of medicine degree by the Institute.

From 1958 1o 1962 I was employed as a teaching fellow in the department
of histology at the Karolinska Institute. I was then appointed research fellow
and in 1965 1 was appointed assistant professor. From 1978 to 1984 I was
adjunct professor in drug toxicology in the department of pharmacology. 1
have been a visiting professor in the department of zoology at the University
of Melbourne and held the Warren Macdonald fellowship awarded by the
National Heart Foundation of Australia. In 1970 I was appointed associated
professor of industrial toxicology of the National Institute of Occupational
Health in Stockholm and held that position until 1972. From 1972 to 1980 I
was employed as head of Toxicology Laboratory of AB Astra in Sodertilje,
Sweden. 1 have served as Expert Agree (official expert) in pharmacology and
toxicology to the Ministry of Health in France.

I am the author or co-author of approximately 120 publications relating to
neurohistology, neuropharmacology, toxicology and risk assessment. I am a
member of the Swedish Society of Toxicology and of EUROTOX, a member of
the Society of Toxicology (USA), a member of the American Association for
the Advancement of Science and a member of the Society for Risk Analysis.
In 1984-85 1 was president of the Swedish Society of Toxicology. I have also
served as Secretary General of the Federation of European Societies of
Toxicology. 1 am presently Director of the International Union of Toxicology
and responsible for its Risk Assessment Summer School Programme (RASS).
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1 have been requested by certain smokeless tobacco manufacturers to
review the published experimental data regarding the possible
carcinogenicity of smokeless tobacco in experimental animals and to render
my professional opinion as to- whether smokeless tobacco fulfills the National
Toxicology Program’s criteria for listing as "reasonably anticipated to be a
human carcinogen”, which requires in the case of experimental
carcinogenesis studies that:

"There is sufficient evidence of carcinogenicity from studies in
experimental animals which indicates there is an increased
incidence of malignant and/or a combination of malignant and
benign tumors: (1) in multiple species, or at multiple tissue sites, or
(2) by multiple routes of exposures, or (3) to an unusual degree with
regard to incidence, site or type of tumor or age at onset”

My review of the relevant experimental data is organized vas follows:

*Introduction

*Experimental data
- carcinogenicity studies
- studies on the interaction with viruses
- genotoxicity studies

*Evaluation of the relevance of the data

*Conclusion regarding carcinogenicity in experimental animals

Introduction

Smokeless tobacco is a very complex mixture of hundreds of chemical
substances (Roberts, 1988). This review, however, is based almost
exclusively upon data relating to whole smokeless tobacco, since analyzing
the individual components and then evaluating the mixture based upon
those results is of doubtful validity in the case of a complex mixture such as:
smokeless tobacco. The most reliable data in the case of a complex mixture is
derived from testing the substance itself rather than its components.
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Because of the cost and time required to perform life span animal studies for
carcinogenicity, short-term tests, mainly for mutagenicity, are valuable for
initial screening to determine which chemicals should be tested further for
carcinogenicity. Short-term tests, however, cannot establish a chemical as a
cause of a neoplasm because such tests do not have neoplasms as an

endpoint.

In evaluating animal studies for carcinogenicity, one should recognize that
any conclusion must be based on a demonstration of a statistically significant
toxicological effect and a demonstrated dose response relationship. Before
one can reach a conclusion that smokeless tobacco is experimentally
carcinogenic, it must first be shown, at a minimum, that there is a
statistically significant association in animal studies between exposure to
smokeless tobacco and malignant neoplasms and that there is a direct dose
response relationship i e that the incidence of malignant neoplasms increases

with increasing dose.

These evaluation principles are in accordance with the NTP’s Criteria for
Listing Agents, Substances or Mixtures in the Biennial Report on Carcinogens,
which states:

"Conclusions regarding carcinogenicity in humans or experimental
animals are based on scientific judgement, with consideration given
to all relevant information. Relevant information includes, but is not
limited to dose response, route of exposure, chemical structure,
metabolism, pharmacokinetics, sensitive subpopulations, genetic
effects, or other data relating to mechanism of action or factors that
may be unique to a given substance.”

As pointed out above, the evaluation of a complex mixture must be based on
the whole mixture, although data on metabolism and pharmacokinetics of
mixtures are very difficult to obtain and interpret. Therefore, evaluations
regarding possible carcinogenicity in humans based upon studies in
experimental animals should rely upon in vivo studies which as closely as
possible replicate the use of smokeless tobacco by human beings.

This review summarizes all the published experimental data which are
relevant to an evaluation of the possible carcinogenicity of smokeless tobacco
in experimental animals in order to be able to judge if smokeless tobacco
fulfills the NTP’s criteria for listing as "reasonably anticipated to be a human
carcinogen”.



Experimental data

Carcinogenicity studies

The use of smokeless tobacco by humans involves two major routes of
exposure: the local exposure of the oral mucosa to the whole smokeless
tobacco and a systemic exposure after absorption by the oral mucosa of
various chemicals from the smokeless tobacco and after absorption by the
gastrointestinal tract of any parts of the smokeless tobacco which may be
swallowed. While it is fairly easy to imitate the systemic exposure by oral
~ administration, it is more difficult to achieve a long-term local exposure,
However, various methods have been tried and will be described in this

review.

A number of animal studies have been performed in different species and
with different types of design including different modes of exposure. The
studies arc subdivided according to mode of exposure rather than according
to species, as the mode of exposure is regarded as more important than the

species for the interpretation of the results.

Dietary administration

DiPaolo (1962) fed 34 DBA and 16 C57B1 mice for 15 months and 40 Wistar
rats for 18 months with smokeless tobacco in the diet. The dietary
concentrations were approximately 5 % for rats and 25% for mice at the
beginning of the study decreasing by stages to about 5% at the end of the
study. One rat showed a kidney sarcoma and one rat and three DBA mice
showed leukemias. Neoplasms are known to occur spontaneously in DBA
mice although none was observed in the controls of this particular

experiment.

Dunham et al ¢ 1974) conducted a feeding study with smokeless tobacco.
Approximately 150 mg per day (2.5% of the diet) was given to 20 hamsters
for 16 months. No ncoplasms were observed in the animals treated with
smokeless tobacco only. One animal treated with smokeless tobacco plus lime
developed a carcinoid in the pancreas. The authors could not determine
whether the carcinoid was Spontancous or induced (Dunham et a] 1975).

Homburger et al (1976) examined the possible carcinogenic and
co-carcinogenic effects of smokeless tobacco in two different strains of male
Syrian hamsters. A total of 500 animals was used. Groups of 50 animals
from each strain were given a diet containing 20% smokeless tobacco, a diet
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containing 20% cellulose (to reduce the caloric intake, negative control), §
mg/animal of 20-methylcholanthrene (MC) and normal diet, 0.5 mg/animal
of MC and a diet containing 20% cellulose, or 0.5 mg/animal of MC and a diet
containing 20% smokeless tobacco for 2 years, respectively. MC was
administered 50 times. The animals fed the smokeless tobacco diet alone
showed a nearly identical "tumour spectrum” to that of the controls, which
means that no carcinogenic effect of smokeless tobacco was observed. As
there was no increase in tumour incidence when smokeless tobacco feeding
was combined with the administration of MC, the authors also concluded that
no co-carcinogenic effect of smokeless tobacco could be demonstrated.

Administration in hamster  cheek pouch

The hamster possesses cheek pouches, one on either side of the mouth,
which open into the oral cavity and lic underneath the muscles of the cheek,
hence the name "cheek pouch”. The openings of the pouches lie in the
anterior part of the oral cavity and are associated with small salivary glands
which produce both serous and mucous secretions. The pouches extend
backwards along the oral cavity but do not reach as far as the oropharyngeal
junction. Histologically, the epithelium of the cheek pouch is stratified
squamous. Functionally, the cheek pouches store half-chewed food which is
passed out as needed. Smokeless tobacco, when introduced into the pouch,
remains in place for several hours and small amounts are periodically
extruded and chewed. Thus, the hamster cheek pouch is a good model to
study prolonged exposure of the oral mucosa to smokeless tobacco.

In a study by Peacock, smokeless tobacco or known carcinogens were
implanted in the cheek pouch of hamsters. In 21 animals exposed to
smokeless tobacco for more than one year, in 11 animals examined within
the next 12 months and in the animals surviving 24 months there were no
neoplasms of any type (Peacock and Brawley 1959, Peacock et al 1960).

Dunham and Herold (1962) investigated the possible carcinogenicity of
smokeless tobacco in a group of 35 hamsters. The smokeless tobacco was
incorporated into a beeswax pellet which was inserted into the cheek pouch.
The pellet contained 20% smokeless tobacco and was maintained at the site
for almost the entire normal life span of about 15-16 months by ligating the
neck of the pouch proximal to the pellet. No tumours were observed in the
pouch or oral cavity. On the other hand the laboratory carcinogens 7,12-
dimethylbenzanthracene (DMBA) and MC incorporated into beeswax in the
same way and inserted into the cheek pouch of hamsters, induced
carcinomas and sarcomas in the positive controls after 6 months.
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A later study by Dunham et al (1966) also using the hamster cheek pouch
was similarly negative. Groups of four to seven male and female weanling
Syrian golden hamsters received once daily applications of 50 mg of
smokeless tobacco, smokeless tobacco and calcium hydroxide (lime), or
calcium hydroxide alone in the cheek pouch five days per week for up to 99
weeks. No oral neoplasms were observed in any group.

Homburger (1971) also investigated the possible carcinogenic properties of
smokeless tobacco by using the hamster cheek pouch as well as the oral
mucosa. He immobilised the animals” heads for 30 minutes each day, which

“allowed smokeless tobacco to be placed in a stainless steel webbing attached

to a stainless steel bit to be applied with an automatic carwridge filler to the
gingivolingual area, including the upper part of the cheek pouch. A total of
84 male and female Syrian golden hamsters were exposed for up to 51
weeks. The epithelium of the lip of the oral cavity and of the cheek pouch of
the animals exposed to smokeless tobacco showed only minor changes
compared to controls. One benign tumour (papilloma) was found in each of
the groups exposed to smokeless tobacco and cotton (control group)
respectively. No carcinomas were found in the oral mucosa. In contrast,
carcinomas of the oral mucosa were found after a similar exposure in the
same area to DMBA (three squamous cell carcinomas in the pouch and two in

the oral cavity).

In another study with male hamsters, 70 mg of finely powdered smokeless
tobacco or 50 to 100 mg of coarser tobacco were introduced daily for 20
weeks into the cheek pouch of groups of 20 animals. The experiment was
terminated after 20 weeks. While no significant pathological changes were
observed in these animals there was a slight diminution of mitotic activity
and an increase in Langerhan’s cells (Shklar et al 1985).

The application of 2 g of smokeless tobacco to the blind end of the right
cheek pouch of a group of 8 male hamsters, 5 days a week for 6 months
(terminated at 6 months) resulted in no local proliferative leisions or
neoplasms. Hyperplasia of the cheek pouch epithelium was noted
(Worawongvasu et al 1991).

Topical application

Although the cheek pouch model is a good way to study both the local and
systemic cffects after local exposure, it is limited to species with that special
anatomy i e hamsters. In order to perform studies in rats with local
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exposure, Hecht et al (1986) devised a protocol in which groups of rats were
treated by application to the oral cavity of aqueous extracts of smokeless
tobacco. The extracts were applied by swabbing the oral cavity and lips
usually twice daily for 131 weeks with a cotton swab to which 0.5 ml
solution had been added. The identification of certain tobacco-specific
nitrosamines (TSNAs) in smokeless tobacco has raised questions about their
possible cffects as components of smokeless tobacco. Therefore, Hecht et al
exposed a second group to smokeless tobacco aqueous extract enriched with
NNN (N’-nitrosonornicotine) and NNK [4-(methylnitrosamino)-1- (3-pyridyl)-
1-butanone] up to a concentration ten times higher than that in the plain
smokeless tobacco extract. A third group received NNN and NNK in water at
the concentrations added to the extract. The controls were swabbed with

water.

No oral neoplasms were observed in the 30 animals treated with the
aqueous extract of smokeless tobacco. In the 30 animals treated with NNN
and NNK in water, 8 oral papillomas were found, which was statstically
significant. However, in the 30 animals treated with NNN and NNK in the
aqueous smokeless tobacco extracts, only 3 oral papillomas were found.
Hecht et al concluded that "(t)he lack of oral tumours in the animals treated
with snuff extract indicates that this mixture is not tumorigenic in the rat
oral cavity, when the swabbing protocol was used”. The lower number of oral
neoplasms in the animals exposed to smokeless tobacco aqueous extract
enriched with NNN and NNK, while not statistically significant, suggests,
according to the authors, that smokeless tobacco has an apparent “inhibitory
effect” on the metabolic activation of NNN and NNK.

Using a primate species as the experimental animal, Smith placed smokeless
tobacco in the cheeks of 12 rhesus monkeys for a total of up to seven years
using a variety of techniques. No neoplasms were produced (Smith et al,
1970).

Administration into a surgically created canal in the lower lip of rats

Hirsch and Thilander (1981) developed a rat model that sought to simulate
human “dipping” in experimental animals. Using surgical techniques, they
created an artificial canal in the lower lip of young adult rats which was
open at both ends and which was lined internally by mucosal epithelium and
externally by skin from the lip. Tobacco or similar solid products could then
be inserted and replaced readily as required by the experimental protocol.
The operation initially caused a marked inflammatory reaction. As far as
could be ascertained. the tissue reaction at the site of surgery was allowed to

. e - ea . . . o L e em C . -. -
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heal before being used for experimental purposes. The test material was
injected from the lip side into the artficial canal by a plastic syringe until
excess snuff was pressed out through the buccal opening, ensuring complete
filling of the canal. The authors found that this model could accomodate
approximately 0.29 g of powdered smokeless tobacco which corresponds 10 a
mean dose of 1 g/kg body weight (approximately 5 times the amount a
human might use). The inserted material was retained for 5 to 8 hours and
was accompanied by "hypersalivation” and a marked increase of blood
nicotine. After a twice daily application of 0.2 10 0.4 g of powdered
smokeless tobacco for 9 months the cpithelium of the canal was mildly to
moderately hyperplastic and the adjacent connective tissue exhibited an
inflammatory reaction which varied in degree from mild to severe. No
tumours were reported (Hirsch and Thilander 1981).

The lip canal model was used by Hirsch and Johansson (1983) to study the
effects of long-term application of smokeless tobacco. Rats received standard
smokeless tobacco (42 animals) or highly alkaline smokeless tobacco (ten
animals) twice daily, 5 days a week for 9-22 months. Animals with identical
canals, but not treated further, served as controls (15 animals). A complete
post-mortem examination was performed. :

Animals exposed to standard smokeless tobacco after 9-12 months (26
animals) developed a mild to moderate hyperplasia of the epithelium,
hyperorthokeratosis and acanthosis. The oral mucosa of rats exposed for 18-
22 months (16 animals) showed about the same changes. In a few rats,
severe dysplastic changes developed in the crevicular epithelium (the
epithelium of the gingival sulcus of the lower incisors). Rats exposed to
alkaline smokeless tobacco differed little from the other ones exposed. The
lips of the control animals mostly showed mildly hyperplastic epithelium
which was covered with orthokeratin. One macroscopic tumour was observed
in a rat treated with standard smokeless tobacco after 8.5 months. It was
situated on the left side of the oral cavity, extending from the incisors and
involving both the upper and lower jaws. The tumour was a moderately well-
differentiated squamous cell carcinoma invading the bone. The authors could
not, however, determine whether the neoplasm was "spontaneous or
induced”. There were few pathological findings outside the oral cavity.

Using the lip canal technique Hirsch et al (1984) observed moderately well-
differentiated squamous cell carcinomas in two animals infected with herpes
simplex virus type 1 (HSV-1) and exposed to smokeless tobacco twice . daily,
5 days peer week for 18 months. No tumours were detected in non-infected
animals exposed to smokeless tobacco (10 animals), HSV-1 infected animals
not exposed to smokeless tobacco (7 animals), or untreated controls (10
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animals), all subjected to lip canal surgery. The HSV-] infected rats exposed
to smokeless tobacco showed a significantly higher incidence of malignant
tumours than the control animals and the animals only infected with HSV-1.
An increased fibrosis was observed in the treated animals compared to the

controls.

_ In order to further study the dysplastic changes observed earlier (Hirsch and
Johansson 1983) , Hirsch et al (1986) exposed 30 rats to smokeless tobacco
in the same way as in the earlier study for 13 months. In ten rats examined
immediately after the exposure similar changes as before were found. These

changes were markedly reduced or absent in rats exposed to smokeless
tobacco and examined after a recovery period of 1 or 4 months. It was
concluded that the epithelial changes induced by smokeless tobacco were
reversible. The crevicular epithelium appeared to be more sensitive to
smokeless tobacco exposure than that of other parts of the oral cavity. This is
probably due to the short distance between the lip canal and the incisors.
Furthermore, it seems likely that smokeless tobacco is more or less
constantly retained in the gingical sulcus, resulting in a longer exposure time
in comparison with other areas of the oral cavity. However, the subepithelial
connective tissue exhibited extensive fibrosis, which did not recover. The
authors state that the three tumours they have observed (see Hirsch and
Johansson 1983, and Hirsch et al 1984) after 9 months (one tumour) and 18
months (2 tumours) most likely originated from the crevicular epithelium
and not from the squamous epithelium of the lip canal.

The lip canal technique was also employed to explore the possible
carcinogenicity of smokeless tobacco in the oral cavity of F344 rats by Hecht
et al (1986). The results were published together with the results of studies
with topical application of aqueous extracts of smokeless tobacco. Groups of
rats were treated by administration in the lip canal of either 50 mg
smokeless tobacco (32 animals), the residue after aqueous extraction of
smokeless tobacco (21 animals) or smokeless tobacco enriched with its own
aqueous extract (32 animals) 5 times weekly for 116 weeks. A group of 10
rats, which were subjected only to surgery, served as controls. Two tumours,
one of which was malignant, developed in the epithelium of the lip canal and
there was one papilloma of the hard palate in the group treated with whole
smokeless tobacco. In the group treated with extracted smokeless tobacco
residue one rat had a papilloma of the tongue and another rat a papilloma of
the hard palate. One animal in the group treated with enriched smokeless
tobacco developed a papilloma of the floor of the mouth. None of these
observations were statistically significant compared to the controls.
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Administration into a surgically created canal in the lower lip of rats in
combination with other chemicals

In order to further study the possible carcinogenic effects of smokeless
tobacco, particularly any promotion effect, a few studies have been
performed in which the administration of smokeless tobacco in the lip canal
has been combined with local exposure to-4-nitroquinoline-N-oxide (NQO) or
7,12-dimethylbenz(a)anthracene (DMBA), both compounds defined as

initiators.

Johansson et al (1989) combined exposure to smokeless tobacco in the lip
canal with exposure to NQO painted on the hard palate. One hundred and
fifty Sprague-Dawley rats had a lip canal created surgically in the lower lip.

The rats were divided into 5 groups, up to 30 animals in each. One month
after surgery the groups were treated in the following way:

Group L. Smokeless tobacco, 5 days a week up to 104 weeks

Group 1L Propylene glycol for 4 weeks

Group III NQO, 3 times a week for the first 4 weeks of the experiment
Group IV. NQO for 4 weeks and then smokeless tobacco for 104 weeks
Group V. Cotton pellet (untreated control)

The lip canal was filled with at least 100 mg smokeless tobacco twice daily.
NQO was dissolved in propylene glycol to a concentration of 0.5% and about
0.13 mg of NQO was applied.

All remaining rats were terminated 108 weeks after start of treatment.

There was no significant difference in mean survival time between the
groups. The groups treated with smokeless tobacco had a slower weight gain
than the other groups and the lower body weight remained statistically
different from the controls during the whole experiment due to a lower food
intake.

Tumours and hyperplastic leisons were found in all groups. The observed
incidence per group in the oral cavity:
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Group )| n I I I 1V \Y%

Number of examined animals _ 29 28 29 28 29

Type of lesion and location

Carcinoma |
Lip (in situ) ' 1 (1)
Hard palate (in situ) 2(1) 2 4
Tongue 2 1

Papilloma ’

Lip 1
Hard palate 1
Tongue 2 1

Sarcoma
Lip 2 3.

Hyperplasia
Lip, lip canal 24 6 4 25 10
Hard palate 18 7 7 14 2

Dysplasia
Lip, lip canal 10 4 12
Hard palate ) 7

Outside the oral cavity a few tumours were found in various organs. The
same type of tumour was not found in more than one or two animals per
group except in Group 1 where four animals showed a malignant lymphoma.

There were a total of 23 and 22 tumours in Groups I and IV, respectively.
The difference in total tumour incidence between Groups I and IV and
Groups II and IIl was reported by the authors to be statistically significant
but not the difference between any of the groups for individual types of
tumours. There was no difference between Group 1 and Group IV and thus it
was concluded that smokeless tobacco had no promoting capability when the
rats were initiated with NQO.

Larsson et al (1989) did a similar experiment with NQO but combined it with
an investigation of the possible interaction of smokeless tobacco with HSV-1
virus. Fiftyfive Sprague-Dawley (SD) rats and 30 Lewis (L) rats had a hp
canal created surgically in the lower lip.

The rats were divided into 6 groups, up to 15 ammals in each. Ten days after
surgery the groups were treated in the following way:
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Group 1 SO HSV-1, once a month

Group II SD  Smokeless tobacco, 5 days a week for up to 30 months
Group III SD HSV-1 and smokeless tobacco _

Group IV L NQO, once weekly for the first 5 weeks

Group V L NQO first and then smokeless tobacco

Group VI SD  Propylene glycol on a cotton swab, control

The lip canal was filled with at least 200 mg smokeless tobacco twice daily.
NQO was dissolved in propylene glycol to a concentration of 0.5% and 0.05 ml
of the solution, about 0.25 mg of NQO was absorbed in a cotton swab, which
was put in the test canal for 24 hours. The animals were infected with HSV-1
in a suspension, which was absorbed in a cotton swab. The swab was placed
in the lip canal after scarifying the surface with a needle.

The animals were killed when moribund after 16-30 months.v

The Lewis rats survived 6 months longer than the Sprague-Dawley rats. The
groups treated with smokeless tobacco had a slower weight gain than the
other groups and the lower body weight remained statistically different
from the controls during the whole experiment due to a lower food intake.

Tumours and hyperplastic leisons were found in all groups. The observed
incidence per group in the oral cavity:

Group I I II1 1Iv \" VI
Number of examined animals 12 13 15 12 12 8

Type of lesion and location
Carcinoma

Lip 1

Crevicular epithelium 1
Papilloma

Lip 1
Hyperplasia

Lip, lip canal 2 5 5

Crevicular epithelium . 5
Dysplasia

Lip

Crevicular epithelium 2
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Outside the oral cavity a few tumours were found in various organs. The
same type of tumour was not found in more than one or two animals per
group except in Group V where three animals showed a pheochromo-cytoma

in the -adrenal gland.

There were a total of 3, 4, 13, 8, 12, andl animals with tumours, both
malignant and benign, in Groups 1, II, III, IV, V and VI, respectively. The
total number of tumours was reported by the authors to be statistically
significantly higher in Group IIl as compared to Groups 1, II, and VI but not
the difference between any of the groups for individual types of tumours.
There was no difference between Group IV and Group V and thus it was
concluded that smokeless tobacco had no promoting capability when the rats
were initiated with NQO.

Johansson et al (1991) combined exposure to smokeless tobacco in the lip
canal with exposure to NQO or DMBA on a cotton pellet placed in the "pouch”.
Two hundred and thirty male Sprague-Dawley rats had a lip canal created
surgically in the lower lip.

The rats were divided into groups, up to 40 animals in each. Two weeks
after surgery the groups were treated in the following way:

Group 1. DMBA, 3 times a week for the first 4 weeks, then saline
Group 1L DMBA first and then smokeless tobacco for up to 104 weeks
Group I Smokeless tobacco, 5 days a week for up to 104 weeks
Group IV. NQO., 3 times a week for the first 4 weeks, then saline

Group V. NQO first and then smokeless tobacco for up 10100 weeks
Group VI. Cotton peliet dipped in saline(control)

The lip canal was filled with approximately 150-200 mg smokeless tobacco
twice daily. NQO was dissolved in propylene glycol to a concentration of 0.5%
and DMBA was dissolved in mineral oil to a concentration of 0.1%. NQO or
DMBA. The rats received approximately 70 mg of the solution at each
application. |

The rats were killed when moribund, when they developed lip tumours, or
after 104 weeks of treatment.

The difference in mean survival time between Group V and all of the other
groups was reported by the authors to be significant. The groups treated
with smokeless tobacco had a slower weight gain than the other groups and
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the lower body weight was reported by the authors to remain staristically
different from the controls during the whole experiment.

Tumours and hyperplastic leisons were found in all groups. The observed
incidence per group in the oral cavity:

Group : I II III 1V vV VI
Number of‘ examined animals , 40 40 38 40 38 30

Type of lesion and location

Carcinoma
Lip 1 1 1
Palate 2 3 6 5
Buccal mucosa l'
Papilloma -
Lip 2 1 2
Sarcoma . .
Lip 9 10 1 25 1

Outside the oral cavity a few tumours were found in various organs. The
same type of tumour was not found in more than one or two animals per
group except in Group 1 where three animals showed renal cell tumours.

There was a total of 14, 28, 24, 20, 40 and 5 tumours in Groups I, II, III, IV,
V and VI, respectively. The difference in incidence of sarcomas between
Group V and Groups I, II, IV, and VI and the difference between Groups II
and llI and 'Groups I, IV, and VI was reported by the authors to be
stauistically significant but not the difference between any of the groups for
any other individual types of tumour. The sarcomas in Group V developed as
carly as afier 29 weeks. The tumours were large. The majority of tumours
were undifferentiated spindie cell sarcomas of nonepithelial mesenchymal
nature. It was concluded that the incidence of sarcomas after exposure to
smokeless tobacco was higher when the rats were initiated with NQO but not
with DMBA.

Studies on the possible interaction between smokeless tobacco and
viruses '

Different viruses have been implicated in mammalian carcinogenesis and
“herpes viruses constitute a large group of viruses which infect most

mammalian species. Thus, it is of interest to study the possible interaction
between chemicals or mixtures of chemicals 1o which humans are exposed
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Two of the studies have been briefly reviewed above(Hirsch et al, 1984 and
Larsson et al, '1989). Park et al (1986) innoculated the cheek pouches of
Syrian hamsters with HSV once a month for six months. Smokeless tobacco
was inserted twice daily into both. pouches of half of the animals. At the
conclusion of the experiment, the pouches of all of the animals appeared
grossly normal. Histological examination revealed that none of the animals
exposed to smokeless tobacco alone or HSV alone developed any cancers.
Epithelial dysplasia and squamous cell carcinomas were observed in over

~ half the animals exposed to HSV in combination with smokeless tobacco. The
authors concluded that "our data suggest that smokeless tobacco alone does
not induce precancerous or neoplastic changes in hamster buccal pouches”.
As 1o the respective roles that smokeless tobacco and HSV might have
played in the development of the neoplasms observed, the authors stated,
"since repeated HSV infection alone induced precancerous changes and
simulated snuff dipping alone did not cause the dysplastic changes in the
pouch tissues, HSV may be more responsible for the development of
neoplastic changes”. Although there has been speculation regarding the
mechanisms that might have produced this result, there are as yet no clear

answers.

Studies involving other possible interactions with HSV underscore the
cbmplexities relating to the possible carcinogenic activity of viruses. One
study reported enhanced oncogenic activity of HSV associated with exposure
to UV-light (Burns and Murray, 1981) and another has reported increased
cancer frequency when HSV was combined with cortisone or with trauma
created with a brush (Chen and Swen, 1987).

There is little doubt that HSV infected cells in vitro can be transformed into
potentially malignant cells by agents that suppress the cytolytic effect of the
virus such as UV-light radiation and chemical carcinogens. This suppression
is thought to be achieved by interference with the cellular synthesis of
proteins essential for the growth of the virus while leaving intact the
expression of the viral genome. In vivo studies do not, however, present
such a clear picture. The experimental results are inconclusive.

Mutagenicity

As has been underscored in the introduction, short-term tests, mainly for
mutagenicity, cannot establish a chemical as a cause of a neoplasm because
such tests do not have neoplasms as an endpoint. Furthermore smokeless
tobacco in its whole form is unsuitable for mutagenicity testing. Only extracts
can be used, which are not completely representative of whole smokeless
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tobacco. Positive results have been obtained when agueous extracts were
tested in bacterial mutagenicity tests and when organic or agueous extracts
were tested against cultures of human cells in vitro. The significance of these:

results is not clear.

Evaluation of the reviewed data

In order to investigate the possible effects chemicals or mixtures of
chemicals might have on human health, studies in vimo or in animals must
be used as surrogates since the ability to obtain information directly from
human beings is very limited. Experiments can hardly be performed and
clinical and epidemiological observations have significant shortcomings.

However, the surrogate information must be critically and thoroughly
evaluated from a scientific point of view. While there is evidence of
sufficient similarities between animals and humans to warrant animals being
used as surrogates, there is enough knowledge about significant differences
to make a careful evaluation necessary.

There are no standardized guidelines either on how the data should be

evaluated or on when and how the surrogate data can be extrapolated to
human beings. Evaluations have to be done on a case-by-case basis taking
into consideration the studied chemical(s), the test sysitem and the results

obtained.

Since a true extrapolation is involved and there are significant knowledge
gaps regarding similarities and differences between the animal species used
and human beings, judgements must be made 10 a large and variable extent.
The judgements have to be based upon generally accepted scientific,
toxicological principles and acquired experience.

The evaluation process has two major aims. First 10 review the studies
performed and evaluate the significance and the validity of the overall
results and conclusions. ‘Second to evaluate the relevance and importance of
the results and conclusions to human beings.

In the present case there are several aspects which must be given special
consideration:

* Smokeless tobacco is a very complex mixture.
* The special mode of exposure in humans is difficult to imitate in

experimental animals, which has lead to the use of different administration
methods for which there is limited experience.
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* The studies available have been performed during a rather long time
period (more than 30 years) during which the state-of-the-art of
toxicological studies has changed considerably.

* There is a limited amount of information on the toxicokinetics and
toxicometabolism of smokeless tobacco both in animals and human beings .
which limits the possibility of comparisons between species.

* Due to lack of information on any mode of action, possible interactions
between different components of smokeless tobacco, possible interactions
with other chemicals or mixtures (¢ g food), or possible interactions with

‘micro-organisms (e g viruses) are very difficult to evaluate.

The quality and quantity of the information contained in the study
documents varies. They are all published in scientific journals but some of
them are not sufficiently comprehensive to be evaluated in detail. This is
particularly true for the older publications.

None of the studies has been performed according to Good Laboratory
Practices (GLP) but later studies ought to have adopted the principles of GLP.
However, even if GLP is considered important particularly in the case of
studies with no finding of any effects, older studies, briefly described, and
not performed according to GLP cannot be ignored but must be evaluated on
their own merits at the time of their publication.

The first aim of this evaluation will be approached with the second aim in
mind. The mode of exposure is considered a suitable starting point for the

evaluation.

Systemic exposure has been achieved both by dietary administration and by
various modes of exposure in the oral cavity. It seems reasonable to assume
that the most complete and extensive exposure has been achieved by the
former. There are at least two studies (DiPaolo, 1962 and Homburger, 1976)
which have provided useful information. They include sufficient numbers of
animals of three different species, exposed to high dose levels for almost a
life-span period. There was no increase in any type of neoplasms and hence
no evidence of any sysiemic carcinogenic effect of smokeless tobacco in the
species used. Although the studies are old, from the pre-GLP time period,
and poorly reporied, they must be considered valid and important in the
overall evaluation of any possible systemic carcinogenesis.

None of the studies employing local administration in the oral cavity of the
animal has revealed any statistically significant increase of any individual
type of neoplasm in organs exposed systemically. In a few studies
(Johansson et al. 1989 and Larsson et al, 1989) a statistically significant



18

increase in overall tumour incidence was reported. However, that does not
necessarily support a theory of a direct cause-effect relationship since it is
inconsistant with the principle of target specificity of carcinogens and since
an increase in the overall incidence, if real, probably would be related to
noncarcinogenic effects.

None of the various modes of exposure in the oral cavity replicates exactly
the usage by human beings. The hamster cheek pouch model has been used
by several investigators. In no study has there been any evidence of any -
carcinogenesis though it has been shown that the cheek pouch epithelium is
sensitive to experimental carcinogens like DMBA.

Similar negative results have been obtained after application of smokeless
tobacco and DMBA to the oral mucosa of hamsters, which have been
temporarily immobilized allowing a prolonged exposure with the help of

special equipment.

All of the studies in hamsters are somewhat old and the design, particularly
the mode of exposure, specialized. However, a substantial local exposure of
the oral mucosa has obviously been achieved without any neoplasm
formation, while positive controls have produced adequate responses.

In rats there are no studies with whole smokeless tobacco applied to an
intact oral cavity as that probably is impossible to achieve. Besides exposure
of aqueous extracts of smokeless tobacco to the oral mucosa, exposure to
whole smokeless tobacco has been achieved by administration into a
surgically created canal in the lower lip. While this mode of exposure allows
a long-lasting exposure with high doses to the oral cpithelium, the surgical
procedure induces a long-lasting inflammatory - reaction with subsequent

fibrosis.

Despite this extensive local exposure no study has revealed any statistically
significant incidence of any individual type of neoplasm derived from the
oral epithelium. Neither has any promotion effect on such tumours been
observed when smokeless tobacco has been administered following exposure
to known experimental initiating carcinogens like NQO.

The only statistically significant effect on an individual type of neoplasm
observed was an increased incidence of sarcomas in the lower lip of rats
given smokeless tobacco with or without DMBA or NQO in one study. Three
other studies with similar design and exposure did not reveal any
statistically significant increased -incidence of lip sarcomas.

Thus, it can be concluded that the only positive results of the reviewed,
experimental studies which are sufficiently significant to be considered as
possible surrogate information for what could happen in human beings is the
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finding of sarcomas in the lower lip of rats exposed to smokeless tobacco
administered into a surgically created canal. This result then has to be
evaluated with regard to its relevance and importance to human beings.

Animal models are utilized in carcinogenicity studies on the assumption that
any response to a chemical or chemical mixtures in test animals will be
similar to the response in humans. Therefore, the results of animal ‘studies
must be considered relevant to a carcinogenicity evaluation in humans
unless there is reason to discount them.

In the case of smokeless tobacco the use of a surgically created canal in the
lower lip of rats in order to make prolonged exposure feasible causes a
marked reaction in the submucosal connective tissue and a subsequent
fibrosis. In rodents, such as rats, such reactions are known to preceed the
formation of sarcomas (Grasso et al 1991) while a similar pattern of evenis
in human beings has not been encountered.

Thus, there are sufficient reasons to question the relevance and importance
to human beings of the sarcomas observed in the lower lip of rats after long-
term exposure to smokeless tobacco administered in a surgically created

canal.

Conclusion regarding carcinogenicity in experimental animals

There has been a substantial number of animal studies performed to
investigate the possible carcinogenicity of smokeless tobacco. Studies have
been performed in mice, hamsters, rats and monkeys. Different modes of
exposure have been employed for a life span period in most instances. A
maximally possible amount of smokeless tobacco has been administered in
most experiments both systemically and locally. The animal strains used and
the most relevant sites have all been shown to be sensitive to various
experimental carcinogens.

The swdies have been performed over a long period during which the
standards for carcinogenicity studies have change4 considerably. Even if
there are technical insufficiences particularly in the reporting of earlier
studies they have to be taken into account in the overall evaluation.

My overall evaluation of the animal studies is that there are no results which
are sufficiently significant, valid, or relevant to human beings according to
scientific principles, to justify a conclusion under the criteria established by
NTP that smokeless tobacco is "reasonably anticipated to be a human
carcinogen”. \

% /\-/j//
Stockholm  97-10-10 | \ /VV}‘/

T Maimfors MD PhD
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Supplemental Comments of
United States Tobacco Company
regarding
National Toxicology Program Review of Smokeless Tobacco

for Possible Listing in the Ninth Report on Carcinogens

United States Tobacco Company, together with several other manufacturers of
smokeless tobacco products, submitted comments to the National Toxicology Program
(“NTP”) on October 15, 1997 in connection with NTP’s consideration of smokeless
tobacco for listing in the Ninth Report on Carcinogens. Based upon several analyses of
the epidemiological and experimental data relating to smokeless tobacco and cancer
furnished with those comments, the smokeless tobacco manufacturers submitted that NTP
should not classify smokeless tobacco as either “known to be a human carcinogen” or

“reasonably anticipated to be a human carcinogen.”

Among the analyses submitted with the smokeless tobacco manufacturers’
October 1997 comments was one by Dr. Kenneth D. MacRae, a Reader in Medical

Statistics at the Imperial College School of Medicine of the University of London,



a Fellow of the Royal Statistical Society and a member of the editorial committee of the

British Medical Journal. Dr. MacRae reviewed the epidemiological data relating to

smokeless tobacco and cancer, and concluded as follows:
It is my opinion that the epidemiological data do not support the conclusion
that smokeless tobacco has been shown to be a cause of cancer in humans.
Nor, in my opinion, does the epidemiological data, taken as a whole,
support a finding that the use of smokeless tobacco is a risk factor for oral
cancer. Accordingly, I do not believe that the epidemiological data support
NTP’s classifying smokeless tobacco among substances that are either
“known to be human carcinogens” or “reasonably anticipated to be human
carcinogens.”

The purpose of these supplemental comments is to bring to NTP’s attention two
case-control studies relating to smokeless tobacco and oral cancer which were published
in 1998 and which underscore the validity of Dr. MacRae’s 1997 conclusion. Copies of
the two studies are being furnished with these comments. Both case-control studies were
carried out in Sweden where a substantial portion of the adult population is reported to
use smokeless tobacco. Both studies reported that there was no significantly increased

risk of oral cancer associated with the use of smokeless tobacco in their study

populations.

! Submission of Kenneth D. MacRae, Ph.D. to NTP dated October 10, 1997 at
pages 2-3.



Schildt, et al., (1998) reported an odds ratio of 0.7 (95% CI 0.4-1.1) for active
snuff users. The authors concluded that “our results do not support any association
between the use of oral snuff and oral cancer.” Lewin, et al., (1998) examined the
possible relationship between oral snuff and head and neck cancer. The authors stated
that “[i]n our study, relative risks were usually close to RR = 1. Age at start, total number
of years of use, and total amount used in a lifetime had little or no impact on RR‘.”3 The

authors concluded that “[o]verall, the use of oral snuff had little or no effect on risk.”™

United States Tobacco Company submits that these recently published studies,
together with the analyses submitted in 1997, demonstrate that NTP should not classify
smokeless tobacco as either “known to be a human carcinogen” or “reasonably

anticipated to be a human carcinogen.”

By

- Elsy-Britt Schildt, et al., Oral Snuff, Smoking Habits and Alcohol Consumption in
Relation to Oral Cancer in a Swedish Case-Control Study, Int. J. Cancer: 77: 341-346, at 345
(1998).

3 Freddi Lewin, et al., Smoking Tobacco, Oral Snuff, and Alcohol in the Etiology of
Squamous Cell Carcinoma of the Head and Neck. A Population-Based Case-Referent Study in
Sweden, Cancer, 82(7): 1367-1375, at 1374 (1998).

¢ I1d. at 1369.
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ORAL SNUFF, SMOKING HABITS AND ALCOHOL CONSUMPTION IN RELATION
TO ORAL CANCER IN A SWEDISH CASE-CONTROL STUDY

Elsy-Britt Scuint'3*, Mikacl Eriksson'2, Lennart HARDELL! and Anders MaGNUSON!

'Department of Oncolagy, University Hospaal, Umed. Sweden
Department of Oncalogy. Universiry Hospital, Lund. Sweden

ADepartment of Oncolugy. Orebru Medical Centre. Orebru. Sweden

4Department of Occupational and Envirnnmental Medicine. University of Linkiping, Linkiiping, Sweden

The use of oral snuff is 3 widespread habit in Sweden. We
investigated whethaer the use of Swedish moist snufl leads to
an increasing risk of oral cancer. Other risk factors such as
smoking tobacco and alcoholic beverages were also investi-

ted. Our study comprised 4]0 patients with oral cancer,
zaom the period 1980-1989, and 410 matched controis. All
subjects received a mailed questionnaire. The response rates
were 96% and 91% for cases and controls, respectively. In the
study, a total of 20% of all subjects, casas and controls, were
active or ex-snuff users. The univariate analysis did not show
any increased risk [odds ratio (OR) 0.7, 95X confidence
interval (Cl) 0.4=1.1] for active snuff users. We found an
increased risk (OR 1.8,.C1 1.1-2.7) for oral cancer among
active smokers. Alcohol consumption showed the strongest
risk for oral cancer. Among consumers of beer, an increased
risk of 1.9 (C10.9-1.9) was found. Corresponding ORs for wine
and liquor were 1.3 (C1 0.9-1.8) and 1.6 (CI 1.1=2.3), respec-
tively. A dose-response effect was observed. Although not
statistically significant, a multivariate analysis similarly sug-
gested that the most important risk factors were beer and
liquor consumption, followed by smoking. int. J- Cancer77:341~
346, 1998.
© 1998 Wilev-Liss. Inc.

Oral cancer is a disease with an increasing incidence and a nsing
martabity i most West Furopean countries. Inmales, TN
common 1n France and India. High rutes are also reporied from
countries 1n Central Europe. including Switzerland, Slovakia,
Slovenia and Hungary. Consistently low rates are reported from
Japan. China and countries of Northern Europe. For women. high
rates are found in Indiu, countries of Southeast Asia and the United
States (Bovie ¢r al.. 1995).

During the 1950s. 1960s and 1970s. epidennological reports
noted conunuing decreases in the incidence of intraoral cancer,
e.g.. in the United States, Australia and countnes of Western,
Central and Eastern Europe (Boyle er al.. 1995). Data for more
recent time periods. however, suggest that oral cancer is now
increasing. A low rate is still reponted from Scandinavia. but <lowly
Increasing madence rles among men even i Swoeden and Norway
have been reporied (Hakuhinen er al.. 1986). In Sweden. intraoral
cancer accounted in 1993 for 1.5% and 0.8% of all malignant
wmors among Swedish men and women. respecuvely (Nanonal
Board of Health and Weifare, 1992). In Denmurk. there has beena
steep rise i ncidence during the past devades (Hukuhinen o al.,
1986: Bundgaard er al.. 1995). On the other hand. no increase in the
incidence for oral cancer has been reponed :n Finland (Hakuhinen
et ul.. 1986},

The relationship between tobacco smoking and alcoholic bever-
ages and oral cancer has been described repeatedly (Bundgaard e!
al., 1995: Blot er al., 1988; Mashberg er al.. 1993: Franceschi et al.,
1992). These factors are the 2 strongest individual nisk indicators
for oral cancer known at present. Regarding some types of
smokeless tobacco. e.g.. moist snuff. no relation with oral cancer
has been established.

Ahibom (1937) has observed that Swed:sh pauents with buccal,
gingival or “mandibular™ cancer reported the use of snuff or
chewing tohacco more frequently than patients with other types of
cancer. Case reponts of oral cancer among users of sautl or chewing
tobacee alsa appeared in the United States (Wyader ef al.. 1957a).

The first modern epidemiological study conceming smokeless
tobacco was conducted by Wynder et al (1957b) and indicated an.
increased risk of buccal and gum cancer in snuff users. Concur-
rently with the investigation presented here. another Swedish
epidemiological study has been performed by Lewin er al (1998),
who investigated the role of Swedish snuff for cancer of the oral
cavity, pharynx, larynx and esophagus. The resuits could not
confirm any association between cancer and the use of oral snuff.

There are 2 main types of snuff: moist and dry. Moist snuff is
mainly used in Scandinavia and the United States, and it is usually
kept in the gingival-buccal area. The Swedish moist snuff ix a
non-fermented variety. The ground tobacco. after addition of salt
and water, underpoes 3 heath treatment which renders it practically
free from microorganisms, lowering the nsk of nitrate formation
and subseguent formation of nitrosamines.

In United States, the moist snufl is a fermented product. The
fermentation is a spontaneously occurring biochemical process in
lh9c8 moistened tobacco which causes chemical changes (1ARC,
1985).

In Sweden, the use of oral snuff has been a traditional and
well-established habit for several decades. Due to concems about
health hazards. it has been vigorously debated within Sweden,
especially during the last few years.

The most commuon saull type i Sweden s louse moist snutl
used as a 1-2 g quid. which is formed by the fingers and generaily
placed under the upper lip. A portion-bag-packed snufT is now often
used. which consists of a 0.5 or 1 g portion of moist snuff. By far,
Sweden has the highest per capita sales figures in the world for
moist snutl. In 1989, 4,850 tons were sold. v.e.. 0.6 kg per capua
{Andersson. 1991). and in 1995 the sale had increased to 5.400
tons.

In our study, the risk for oral cancer was evaluated in relation to
exposure o moist snuff, smoking and alcohol. In another report,
based on the same material. we shall present the nisk for oral cancer
according to other factors. e.g.. oral infections, dental swatus.
anemias, accupations and eccupational cxposures.

MATERIAL AND METHODS

Our population-based case-control study included all histopatho-
logically verified squamous cell oral cancer cases (ICD-7 codes
140, 141, 143-145) diagnosed in the 4 most northern counties in
Sweden—Norrbotien, Vasterbotten. Jimtiand and Visternorrland—
during 1930~1989 and reported to the Cancer Registry.

Grant sponsors: Research Foundauon of the Department of Oncology, Umed
University. Swedish Tobacco Research Council. Mrs. Bena Kamprad
Foundatign and Orebro County Council Research Commuttee.

*Correspondence to: Deparument of Oncology. University Hospital,
S-22] 85 Lund. Sweden. Fax: (46) 46 1399 57.
E-mail: elsy-batt.schildi@onk.lu.se

Reveived 21 November 1997; Revised 26 February 1998
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Cases

Of 419 identified patients, | was excluded because of wrong
diagnosis coding and 8 deccased cases due to lack of relatives.
Thus, our study comprised in total 410 cases. disiributed as
described in Table 1. The mean age was 72.3 years for women and
69.6 years for men.

Controls

For each of the 175 living cases, 1 living control was drawn from
the National Population Registry. The person closest in age. i.e.,
with the closest personal identification number, with the same sex
and living in the same county, was used. For cach of the 235
deceased cases | deceased control was selected from the National
Registry for Causes of Death. The same matching criteria were
used (age, sex, county) and furthermore, deceased controls were
matched on year of desath.

Assessment of exposure

All of the 350 living subjects received a mailed questionnaire. To
obtain information conceming deceased persons. the questionnaire
was sent to the next-of-kin defined in the order of husband or wife,
child, parent, sibling or other. The specific nature of the investiga-
tion was not disclosed. and there was no reference to the discase
under study. Instead. the general information given was that
different factors of potential importance for health were studied.
The questions concemned different exposure factors of possible
importance for oral cancer. This report deals with exposure to
tobacco and alcoholic beverages, and the following factors were
taken into account.

Tobacco exposure. Use of moist snuff, cigarettes, cheroots,
cigars and pipe tobacco was covered. The questionnaire mapped
both the daily consumption and the time period of smoking. In the
analysis, lifetime consumption (kg tobacco) was assessed. All
{obacco exposure was expressed in grams of tobacco/day. One
cigaretie is equivalent to | g of tobacco. | chervot to 3 g and | crgar
to S g. One pack of pipe tobacco is equivaient 1o 50 g of tobacco
and | pack of most snuff to 50 g. One quid of muoist snufT
estimated to contain 1 g of tobacco. The brand of snuff was also
recorded.

An ex-smoker or ex-snuff user was defined as a person who had
quit the habit at lecast 1 year before the diagnosis: for controls. the
corresponding year was the year of diagnosis for the respective
case. Subjects who had stopped smoking or stopped using moist
snuff within the year before diagnosis were coded as current users
of tobacco and with a daily consumption corresponding to the
actual consumption by the time they quit.

Alcohol exposure. These questions covered the use of light beer
(alcohol content less than 4.5 volume %). beer (alcohol content
minimum 4.5 volume %). wine and liquor. The questionnaire asked
for weekiy consumption and if there was any substantial change
over the years

The subjects were asked to estimate the light beer consumption
according to 4 alternatives: (1) no light beer at all: (2) 1-9 light beer
bottles (33 clVweek: (3) 10-19 bottles/week: (4) at least <20
bottles/week. Beer consumption was surveyed in a corresponding
way with the following 4 alternatives: (1) no beer at all: (2) 14

TABLE § - NUMBER OF THE INTERVIEWED FEMALES AND MALES CASES AND
CONTROLS. BEFORE AND AFTER EXCLUDING OF INCOMPLETE PAIRS

Remam
Inmall: Femaies Males Refusers Mer T Femaies Makes

esclusion
Cases 410 134 276 18 354 117 237
Alive 178 $3 122 1 143 43 100
Deceased 235 81 154 7 21 74 137
Conuols 410 134 276 38 354 117 237
Alive 175 53 122 2! 143 43 100
Deceased 235 81 1584 i7 21 74 137

beer botlesiweek: (3) 5-9 boules/week; (4) at least 10 bottles/
week.

Estimation of wine and liquor exposure was made with regard
both to how often the subjects drank and to the average amount
each ume. Regarding the frequency of wine drinking. the subjects
had to choose between $ aliernatives: (1) never: (2) seldom: (3)
about once a month; (4) about once a week: (5) daily. As for the
approximate quantity on each occasion. there were 3 altiemnatives:
(1) not more than | glass; (2) about 2 glasses: (3) | bottle or more.
The results of these answers were transformed into a score taking
amount and frequency into account. The different categories are
described in the Results.

For liquor consumption, the same frequency alternatives were
used as for wine, but regarding the quantity per occasion 4
alternatives were given: (1) not more than | glass; (2) about 2
glasses; (3) about 37 cl; (4) more than 37 cl. The answers regarding
liquor consumption were also transformed into an exposure score.

If the questionnaire was incomplete or a question was obviously
misunderstood, the subject was contacted by telephone by &
specially trained interviewer who did not know whether the person
under investigation was a case or a control, and the data were
supplemented according to written instructions. Five persons were
unable or unwilling to answer the questionnaire. but accepted a full
telephone interview.

After the questionnaire had been completed by the interviewer.
the front page including name, personal identification number and
address was removed, thus enabling & blind coding of the answers.

Statistical methods

In the univariate and the multivariate analyses. conditional
logistic regression was used with 708 subjects and 354 numbers of
matched pairs. The calculations were performed using the EGRET
program (Epidemiological Graphics Estimation and Testing pack-
age. SERC. Seattle. WA). The variables were expressed in categori-
cal forma and the results are presented as the odds ratio (OR) and
95% confidence interval (C1) in the panticular category compared
with the reference category.

RESULTS

Of 410 cases. 11 living subjects and 7 next-of-kins to deceased
persons refused to panticipate. Corresponding numbers of refusers
for controls were 21 alive subjects and 17 next-of-kins to deceased
persons. This gave a response fate of 96% and 91% for cases and
controls. respectively. Since we used a matched study design, the
56 refusers and their countérparts were excluded from further
analysis. which thus deals with the remaining 708 subjects or 354
matched pairs distribated as described in Table 1.

Univariate analvses

Snuff. Of the 708 subjects in this study. 20% were active of
ex-snuff users. 67 cases and 72 controls. Only | woman reported
use of moist snull. The univariate analysis yielded for active snufl
usern OR 0.7 (C1 0.4=1.1) and for ex-users of snuff OR 1.5 (Cl
0.8-2.9) (Table ). When analyzing only the alive snuff users. the
OR for ar ‘ve use decreased to 0.5 (C1 0.2-1.2) and increased for
ex-use tc 3.0 (C10.9-9.4).

When snuff users. active and ex-users. were analyzed according
1o whether they had smoked or nol. increased risks were observed
for ex-snuff users regardless of smoking habits, but only slgnifi-
cantly increased if the subjects also were active smokers (OR 3.1
C1 1.4-6.8) (Table I111). On the other hand. active snuff users did not
experience any significantly increased risk regardless of smoking
habits (Table H1I).

To investigate whether a dose-response effect pertained. we
divided the snuff users into 2 groups according to lifetime
consumption if we were able to assess duration of use. The median
value among the controls in kg was calculated to 156.0 kg. which
corresponds to about 2 packages (100 g) of snuff pér day during

Jp——



ORAL SNUFF, SMOKING AND ORAL CANCER

TABLE 1l - Oks AND 9443 Ci, PR THE DIFFERENT VARIARLES CONCERNING
TOHACTU AND ALLUHOL COMSUMPTION, UNIVARIATE ANALYSIS

Exposure fascon ColCo' oRr 7% C1
Onl snuff
Never snuff user 2871282 1.0 —
Active 39/54 0.7 0.4-1.1
Ex-user 18 1.5 0.8-29
' Ever user 67/72 0.9 0.6-1.4
Smoking
Never smoker 152171 1.0 —_
Active 122738 1.8 1.1-2.7
Ex-smoker 8095 1.0 0.6-1.6
Ever smoker 202/183 1.3 09-19
ing tobucco R 0.6 0.2-2.0
Light beer 1487120 1.4 1.0-2.0
Beer 216 19 09-39
Wine 1RX/ 168 1.3 0.9-1.8
Liquor 234202 1.6 1.1-23
'Ca/Co = casev/conirols,
' -
TABLE 118 = ORs FOR NON-USERS. EX.USERS AND ACTIVE USERS OF SNUFF IN
RELATION TO SMOKING HAB(T
Sauff use Smoking CaCo! OR b o1 Y]
Never snuff user  Never smoker 1247144} 0
Ex-smoker 54/67 09 06-1.4
Aclive smoker 109771 1.7 1.1-26
Ex-user of snuff Never smoker 9/4 1.8 09-3.5
Ex-smoker 16/13 1.6 0.8-34
Active smoker k72| kN 1.4-6.8
Active snuff user  Never smoker 19723 0.7 04-1.2
Ex-smoker 18/10 06 0313
Active smoker 6 1.2 06-24

'Ca/Co = cusew/controls.

roughly 30 years. Life consumption over 156.0 kg yielded OR 1.1
(C10.5-2.0): less than that, OR 0.8 (CI 0.4-1.5).

The most common tumor site in this material was the lip. When
snulyzed separately. an increased risk was found for lip cancer (OR
1.8. C1 0.9-3.7) among ex-snuff users. The risk was ciose 1o unity
lor current users. For all other sites combined. a decreased risk was
found for active users of snuff with OR 0.4(C10.1-0.9).

No difference in risk was found among the different snuff brands
used.

Smoking. Of the subjects in the study, 30% were active smokers
and 25% were ex-smokers. Among the cases, 34% were active
smokers and 23% ex-smokers. Corresponding numbers among
vontrols were 25% and 27%. respectively. In the group of active or
cv-smokers. 76% used cigarettes, $5% used pipe and only 5% used
vigars or cheroots.

The univariate analysis showed 2 statistically significant in-.
vreased nisk for developing oral cancer among active smokers (OR
1K CI 1.1-2.7). whereas no increased risk was found for ex-
smokers (Table 11). A division of ex-smokers into 2 groups
scording 1o whether they had stopped smoking for more or less
than 10 years. did not yield any increased risk either tdata not
shown). When analyzng only the alive smokers, the OR for actuive
smoking decreased 10 1.7 (Cl1 0.8-3.3). For ex-smoking. the result
J4id not change.

To investigate whether there was a dose-response effect in the
Fruup who could state their extent of consumption, we divided
tubacco smokers into 2 groups according (o lifetime consumption.
The median value among the controls was calculated 1o 124.8 kg.
which corresponds 10 about | package of cigarettes per day during
17 years. Current smokers with > 124.8 kg lifetime consumption of
tobacco had a significantly increased risk for oral cancer (OR | 8,
€C11.2-2.8). Lower consumption produced a risk around unity.
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When .dividing the material cording to localization, an in-
creased risk was found mong smokers for cancer in the floor of the
mouth (OR 8.0, CT 1.0-64.0),

Pipe smokers were also analyzed separately, first regardless of
localization, then divided into Wo groups; lip and other sites. The
analysis for all localizations together showed a non-significant OR
of 1.2 (C10.7-1.9) among ever pipe smokers. The group of pipe
smokers was also divided into current and ex-smokers. Among
current pipe smokers, significantly increased ORs were produced
for all localizations together (OR 2.0, CI |. 1-3.4) and all localiza.
tions combined excluding lip (OR 3.1, CI 1.3-7.5). whereas no
significantly increased risk was found for lip cancer (OR 1.5, CI
0.7-3.1).

Chewing tobacco, Only 13 individuals (S cuses and 8 controls)
were, or had regularly been, users of chewing 1obacco (OR 0.6, CI
0.2-2.0) (Table 11).

Alcohol. Except for active smoking, some types of alcohol
showed the strongest association with oral cancer in this study, as
shown in Table IL '

Light beer: Our results showed an increased

10-19 botties/week (OR 9.7, CT 2.2-43) based on 18 cases and 3
controls. A consumption of 220 bottles/week gave a possibly less
pronounced increased risk of 4.8 (C1 1.0-23) based on 9 cases and
2 controls.

Beer: An increased risk for oral cancer was found among
consumers of beer (OR 1.9, C] 0.9-3.9) (Tabie T1). The individuals
who reported beer drinking were divided into 2 groups: one group

other group (S cases and 3 controls) consumed at least 5 bottles/
week. In both groups, an increased risk for oral cancer was
calculated, with an OR of 1.8 (C104-7.7) in the high group and an
OR of 1.9 (C10.8-3.9) in the low group.

Wine: Of the 708 subjects in the study, 356 reported wine
drinking. Wine consumption in general did not show a statistically
significant increased risk for oral cancer (OR 1.3, CI 0.9-1.8)
(Table 1). Using a score system taking amount and frequency into
account, high consumption gave an OR of 8.6 (CI 1.0-70) (Table
Iv).

Liquor: Liquor consumption showed an increased risk for orai
cancer (OR 1.6, CI 1.1-2.3) (Table II). Among the responders,
more than S0% belonged 10 the group of low consumers. Using the
same score system as for wine, significantly increased risks for oral

Cancer were found among medium and high consumers of liquor

reporting liquor consumpuion. the OR decreased 1o 1.1 (Cl
0.6-1.8).

The score system described for wine and liquor does not
correspond exactly to the amount of beverages consumed. Thus,
persons w ho have consumed relatively small amounts daily tend 1o
accumulate larger amounts dunng lifetime than those who drink

(Table IV).

Multivariate analyses

The multivariate analysis is based on ever habits according to
snuff use. smoking and alcohol. The most impontant risk factors
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TABLE IV - WINE AND LIQUOR SCORES BASED ON DRINKING HABITS'

Amount of wine Amown of liguor Rarety Approz. once 2 seath Ay immr 2 nevt Ducty
<] glass siglass (6¢l) l 2 R 4
Approx. 2 glasses  Approx. 2 glasses 2 4 6 H
Approx. 75 ¢l Approx. 37¢l  ° 3 6 9 R
>75¢l >37¢l 4 R 12 16

Ca/Cor OK 9S% CI

Wine group I = score 1-3 15v132 1.1 0.9-1.8
Wine group 2 = score 4-8 25732 09 05-1.8
Wine group 3 = score 9-16 .7 86 1.0-70
Liquor group 1 = score |1-3 1237128 12 09-20
Liquor group 2 = score 4-8 %) 1.6 LO-27
Liquor group 3 = score 9-16 42/18 6 1.8-72
Wine group | = <75¢l 1667149 1.3 09-18
Wine group 2 = 75-300 ci 1214 1.0 04-24
Wine group 3=>300¢ 0n 2.7 0518
Liquor group | = <3¢l 152182 1.4 09-2.0
) group 2= 37-148 ci 47135 20 1.1-18
Liquor group I=>148¢| 289 ss 2.i-14

"The score for amount consumed on each occasion (1-4) was muhtiplied with frequency scores (1-4) to
produce the total score values. ORs were calculated for total score values as well as for 1l consumption

volume per month.-¥Ca/Co = cases/controls,

TABLE V - ORs FOR ALL EXPOSURE FACTORS. UNIVARIATE AND
MULTIVARIATE ANALYSES'

Ex ‘ Usivensic snalyns Muluvanse analysis
pomure facror oR 93% C1 on 9% Cl
Snuff 0.9 0.6~-1.4 08 05-1.3
Smoking 1.2 08-1.8 1.1 0.7-1.6
Light beer 1.4 1.0-2.0 1.2 0.7-1.7
Beer 1.9 09-39 1.5 0.7-32
Wine 1.3 0.9-1.8 1.0 0.6-1.5
Liquor 1.6 1.1-2.3 1.5 09-23

'Only subjects with data available for all factors are included.

were beer and liquor consumption followed by smoking (Table V).
However, no OR was statistically significant.

To further evaluate if there existed any imponant interaction
between the 3 factors—smoking, oral snuff and aicohol consump-
tlon—pairwise analyses were done and results are presented in
Tables V1 and VII. Smoking tobacco appeared 10 be a risk factor
independent of oral snuff use. For oral snuff use and liquor
consumption. the risk decreased with the dose of ol snufl ain the
group high consumption of aicohol, a tendency not seen in the other
alcohol consumption groups (Table VI). Smoking tobacco and
liquor appeared 10 interact with the highest risk in the highest
consumption group of both exposures.

DISCUSSION

Our primary aim was to investigate the role of moist snuff in the
etiology of oral cancer. The use of this form of tobacco is a
widespread and increasing habit in Sweden (Andersson, 1991:
Pershagen, 1996). and has been much discussed in recent vears.

We also considered it important to investigate the role of the
established risk factors of smoking and aicohol. since the incidence
of oral cancer is increasing in Sweden, traditionally a low incidence
arca (Boyle er al.. 1995). This trend is especially notable in light of
a decrease in smoking habits among men. paraliel to the increase in
snulT use (Anonymous, 1986: Ramstrom., 1989).

Thanks to population registries and the national cancer registra-
tion in Sweden. this country is particularly suitable for population-
based casecontroi studies. The cases were recruited from the
Regional Cancer Registry of Northern Sweden. The Swedish
compulisory reporting system for malignant diseases makes it most
likely that practically all incident cases in the study base were
included. '

In Sweden. complete population registries cover the whoie
population, which permits the use of a control group from the
general population, thereby avoiding selection bias. Efficacy in the
analyses was increased by using a matched study design control-
ling for age. sex, county and vital status. The reason for using dead
controls is the matter of comparability in data coliection berween
cases and controls, i.e.. 10 obtain similar recall conditions.

In casecontrol swdies, there is always a possibility of recall
bias. e.g., a tendency for the cases to remember Or express moce
hazardous exposures than controls. To further reduce this risk. the
aim of the study was concealed. Thus, no allusion to the disease
under study was made in information given to the subjects.
Furthermore, the questionnaire asked for information on many
different occupational and other exposure factors, not only tobacco
and alcohol habits. Results of other factors of interest will be
analyzed and published later.

Oral snuff was not found 10 be a risk factor for oral cancer in our
study. Former snuff users showed a tendency to increased risk.
compared with current snull user who rather had 2 decreased risk.
The reason for this paradozxical finding. also noted by Lewin er al,
(199%). is unclear but one possibility could be that persons with
Mmucosal prublems und perhaps premalignant changes expericaced
inconvenience while using snuff, and therefore stopped this habit.
and thereby constituted a group with a poteatially increased risk for
oral cancer. The huesxed-hypolhesis that ex-snuft users tend 10 be
current smokers was considered. However, irr the presented mate-
rial. only 1 person had begun smoking after having quit using snuff.

Our finding of a slight but not significantly increased risk for
cancer of the lip in users of oral snuff might be in accordance with
other findings describing a local mucosal reaction caused by the use
of snuff. Studies on the histopathology of mucosal reaction have
been carried out in the United States (Smith er al., 1970). Denmark
{Roed-Peterson and Pindborg, 1973) and Sweden (Andersson er
al.. 1989; Axell er al., 1976) whereby epithelial changes have been
described. but in most cases. such changes were seen in the
outermost layers of the mucosa only. Axell e al, (1976). in the
matenial of 114 biopsies from current snuff dippers in Sweden,
found no cellular atypia or epithelial dysplasia. Andersson ef al.
(1989) did not find any epithelial dysplasia in biopsies from 252
current Swedish snuff users either.

The manufacturing processes for Swedish and American snuff
differ and result in different concentrations of tobacco-specific
N-nitrosamines (TSNA). When analyzing nitrosamines in both
types of snuff, much higher concentrations were found in Amencan
snuff (up to 18-fold higher) compared with Swedish snuff (IARC,
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TABLE VI - Os MK ORAL CANCER DIPENDENT ON LIFE CUNSUMPTION OF ORAL SNUME. SMOKING TOBACCD AND LIQUOR USE
Laguor’
Never lapax Lare cummanpian Mabsm cunsuagpas High cunsumptum
Ca/Co’ on 938 Ct CaKo OoR ”e 1 CaCo OR 5% Q1 CaCo OoR 9 Cl

Oral snuf®

Never snuff 99/128 10 8892 14 09-2.1 434 2 1.1-3.8 338 74 2.8-20

Low consumption N 12 0342 &1l 07 0.2-21 6vd 28 0.7-11 327 0513

High consumption R 1.8 0.2-16 1711 26 1.0-6.4 9 Il 0337 174 04 00-35
Smoking tobacco*

Nev::g smokers 8/100 1.0 Sv4s 1.2 08-19 mi 14 0826 2 4.2 1.8-9.4

Low consumption 15722 1.0 06-1.6 2611 1.2 06-2.1 19717 1.4  07-27 44 40 1.6-9.8

High consumption 89 1.4 08-23 30131 16 08-29 21121 20 10-36 3 5.7 2414

'La consumption. Low: score |-3: medium: score 48 high: score 9—6.-2Ca/Co = cases/controls.—'Life consumption of oral snuff. Low:
uremnwmnzse.o kg: high: life consumption > 136.0 kg.-*Life consumption of smoking tobscco. Low: life consumption <124.8 kg: high:

life consumption > 124.8 kg.

TABLE VIl - ORs FOR ORAL CANCER DEPENDENT ON LIFE CONSUMPTION OF SMOKING TOBACTO AND ORAL SNUFF

s4 Ornl snu(T?
Sewkmg wbavu' Never soufl Low consumpison High comumpton
Ca/Co’ OR 9% O CalCo OR 9% C1 CaCo OoR % Q1
Never smokers 1133 1.0 43 0.8 0.4-1.6 1312 1.3 0.6-2.6
u,;er consumption 48/52 1.2 0.7-19 677 1.0 0.4-2.1 m 1.5 0.6-3.5
High consumption 79/58 1.8 1.1-2.9 1078 1.5 0.6-3.3 2 2.3 0.9-5.6

'Life consumption of smoking tobacco. Low: life consumption <124.8 kg: high: life consumption >124.8 kg —Life consumption of ocal snuff.
Low: life consumption %156.0 kg; high: life consumption > 156.0 kg.-'Ca/Co = cases/controls.

1985). This difference. as well as the 1.5-2-fold higher concentra-
tions of nicotine in American snuff (Djordjevic er al, 1993), may
be one explanation why our results differ from American ones on
the cancer risk from oral snull use.

Other forms of lucally adapted tobacco have been associated
with an increased risk of oral cancer. Thus, in India the chewing of
the betel quid. with or without tobacco, is a very widespread habit.
The basic betel quid consists of betel leaf. arcea nut and lime.
Chewing these quids is associated with oral cancer (IARC. 1985)
However, these quids differ considerably from Swedish moist
saufl, and conclusions drawn from one may not be at all valid for
the other.

Our results confirm the earlier tindings of smoking and aicohol
as nisk facton for oral cancer. However, the rather low risk from
smoking, as well as the lack of any risk in ex-smokers. are not in
accordance with some other studies from Europe. The proportion
ol current smokens among the cases and controls 15, indeed.
vonsistent with Swedish smoking statistics (National Board of
Health and Welfarc, 1986: Pelimer and Wramner, 1997). Studies
trom, e.g.. ltaly, generally show much higher ORs compared with
vur results (Franceschi ef al.. 1992). One could speculate that the
difference lies in different drinking and smohing habits. different
types of cigarettes and perhaps even genetic differences.

The majority of subjects in our study had deceased and the
cvposure information from relatives could potentially have been
naccurate. Furthermore, the use of deceased controls is a theoreti-
val problem when studying factors such as tobacco and alcohol
dJrinking, which are related 1o earlier death. For these reasons, we
also analyzed the main potential risk factors separately for alive
suhjects only, ie.. when exposure information was given by the
lnang subjects themselves. This did not lead to significantly
ditierent ORs for tobacco exposure, compared to the overall
tesults, but lower ORs were found for alive subjects admitting
lyuor consumption, indicating recall bias for this group.

In this study, there was no increased risk for ex-smokers for this
1y pe of malignancy. This result is in contrast with the findings of a
study from Florida. where elevated risks also for ex-smokers were
noted (Stockwell and Lyman. 1986). In tha study, alcohol data
were not known, however, and the data must be interpreted with
<aution, since aicobol might be an important confounder. In uther

studies, however, no significantly increased risks among
smokers were found (Blot e: al. 1988; Mashberg er al., 1993).

Tumors located in the floor of the mouth showed the strongest
correlation with smoking in our study. This confirms results from
previous studies (e.g.. Stockwell and Lyman, 1986).

In our study. cigarette smoking totally dominated the types of
smoking habits followed by pipe smoking. The use of cigars and
cheroots was oo infrequent to permit an evaluation of any
association with oral cancer.

Alcoholic beverages tumed out 10 be the strongest risk factor for
oral cancer in our study. As in some other studies. (Bundgaard er
al.. 1995; Blot er al., 1988; Mashberg er al., 1993), the increased
risk was confined to beer and liguor. whereas wine drinking only
appeared to constitute a risk factor for high consumers as in luly
(Franceschi et al,, 1992). The dose-response effect regarding liquor
strongly supponts this finding.

Tobacco and alcohol may be expected to occur together among
many consumers. To investigate the relative importance of each
factor a multivariate analysis was performed. Liquor turmed out to
be the strongest associated factor, followed by beer and light beer.
although the ORs did not differ significantly. The differences in the
detection of statistically signiticant differences among the ORs
between the multivariate and univariate analyses may be attribut-
able to sample size and intercorrelations between variables.

In conclusion, our results do not support any association between
the use of oral snuff and oral cancer. Current smoking was
correlated with this disease. but 1o a lesser extent than in some other
studies, mainly from countries with a higher incidence of the
disease. For alcohol. our results support earlier findings on beer and
liquor as being rather strong risk factors for oral cancer.

ex-
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BACKGROUND. This case-referent study was conducted to elucidate the role of
selected exogenous agents in the etioiogy of head and neck cancer. The factors
studied were tobacco smoking, alcohol intake. the use of moist oral snuff, dietary
factors, occupational exposures, and oral hygiene. In this first report, the authors
discuss the impact of tobacco smoking, the use of oral snuff, and alcohol consump
oon. )
METHOOS. The study base was approximately 2 million person-years at risk and
consisted of Swedish males age 40-79 years living in 2 geographic regions during
the years 1988-1990. A total of 605 cases were identified in the base, and 756
conurols were seiected by swadified random sampling from population registmes
covering the base.

RESULTS. Among those who were tobacco smokers at the time of the study. the
relaove risk of head and neck cancer was 6.5% (95% confidence interval. 4.4~
9.5%). After cessanon of smoking, the risk gradually declined. and no excess nsk
was found after 20 vears. The reladve risk associated with alcohol consumpuon of
30 grams or more per day versus less than 10 gams per day was 5.5% (95%
confidence interval. 3.1-9.6%). An aimost multiplicative effect was found for to-
bacco smokung and alcohol consumption.

CONCLUSSIONS. Tobacco smoking and alcohol intake had a suong interactive effect
on the nsk of squamous cell carcinoma of the head and neck. Moderate alcohol
intake (10-19 grams per day) had litue or no effect among nonsmokers. No in-
creased nsk was found for the use of Swedish oral snufl. Cancer 1998:82:1367 -
75. € 1998 Amencan Cancer Society.

KEYWORDS: tobacco smoking, aicohol, oral snuft, squamous celf carcinoma, head
and neck cancer, esophageal cancer, case - referent study, epidemioiogy.

here is a geographic variation in the incidence of cancer of the

head and neck among different countries of the world and among
different regions within a country.' This indicates that environmental
factors may play an impontant role in the pathogenesis of cancer of the
head and neck In Europe, Sweden has one of the lowest incidences of
these cancers. In Sweden. the majority (two-thirds) of patients with
squamous cell carcinoma of the head and neck are males. It has been
shown previously that tobacco smoking and alcohol intake are major
risk factors.*"* In Asia. chewing-tobacco causes a high incidence of
oral cancers.’ and in the U.S. there have been reports of oral snuff as
a risk factor in oral cancer.®” About 15% of all adult males in Sweden
use, or have used for pant of their lives. an oral snuff produced
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mainly in Sweden. The snuff is a moist, nonfermented
tobacco product originating from the species Nicoti-
num tabacum. It is placed on the gum under the upper
lip and is rarely used outside the Scandinavian coun-
tries. The "Swedish” moist oral snuff is known to cause
reversible white patches on the site of application.®
The possible association of Swedish oral snuff with
cancer of the head and neck has not yet been deter-
mined. However. due to potendally carcinogenic sub-
stances contained in Swedish oral snuff. a concem
regarding such a possible association exists.

To identify possible factors involved in the etiol-
ogy of cancer of the head and neck (oral cavity, oro-
and hypopharynx, larynx, and the esophagus) among
men, a population-based case - referent study was per-
formed over 3 years in 2 defined geographic regions in
Sweden. Tobacco smoking, oral snuff. alcohol, dietary
factors, occupational exposures, and indicators of oral
hygiene were investigated. In this first report. we dis-
cuss the impact of tobacco smoking. the use of oral
snuff, and alcohol consumption.

MATERIALS AND METHODS

The study base was the person-time generated by all
men born in Sweden, ages 40-79 vears. living in (and
included in the population registers of; the Stockholm
county or the southern healthcare region of Sweden
during the study period January 1988 through January
1991. Thus, the study base was approximatelv 2 million
person-years at nisk.

Cases

Efforts were made 1o identify all incident cases of can-
cer of the head and neck (squamous cell carcinoma
of the oral cavity, oro- and hypophanmx. lannx. and
esophagus) that occurred in the studv base. Cancers
occurring outside the study base were not included.
The cases were identified at weekly multidisciplinary
conferences at all of the six ear. nose. and throat de-
partments (ENT) where almost all head and neck can-
cers in the two regions were treated. In addition. pa-
tients with esophageal cancers not diagnosed at the
ENT departments were reporied by all the depart-
ments of surgery in the two regions. To wdentify cases
not presented at the conferences or reponted from the
departments of surgery. information was obtained ev-
ery second week on the recent reponts 1o the regional
cancer registers in Stockholm and in the southemn re-
gion. About 10% of the cases were identified in this
way. Notification of the regional cancer registries
about new cancer cases is compulson for both clini-
cians and pathologists. Of all cancers of the head and
neck. almost 99% are being registered in the regional

cancer registries.” Cancers identfied incidentally at
autopsy were not inciuded.

Referents

The referents were selected by stratified random sam-
pling every 6 months during the study period from a
computerized population register in each region.
Stuatification was by region (Stockholm and the south-
em region) and age (40-54, 55-64, and 65-79 years).
The population registers are updated every month.

interviews

Cases and referents were asked to participate in an
interview on life-style and environment. Informed
consent was obtained from each subject. The inter-
view followed 2 structured questionnaire covering
smoking history, the use of oral snuff, and alcohol
intake as well as dietary factors (food frequencies) and
indicators of oral hygiene (the number of toothbrushes
used per year and the number of visits to a dentist per
year) and occupational exposure. All interviews were
conducted by two nurses, one in each of the two re-
gions. The nurses were trained for health interviews
and for treating cases and referents alike. Most of the
cases were interviewed at the hospital. The cases were
interviewed approximately 1 month after diagnosis.
The delay was deliberate. to give the patients time to
get used to the new medical situation. Referents were
usually interviewed in their homes.

Smoking

Lifetime smoking histories included informaton on
the time when a subject began or stopped smoking
and the average number of cigarettes. cigarillos, cigars.
and grams of pipe tobacco smoked per day during
different ume periods. Total consumpton of smoking
tobacco was calculated by adding the quantity of to-
bacco smoked during different time periods. consider-
ing 1 cigarette or cigarillo equivalent to 1 gram and
1 cigar equivalent to 5 grams of tobacco. The mean
intensity of smoking was calculated by dividing the
subject’s total consumption by the duration of smok-
ing. “Ever-smokers” were men who had ever regularly
smoked at least T grams of tobacco per week. To avoid
the possibd v that cases would be classified as ex-
smokers because they had stopped smoking due to
insidious cancer symptoms. subjects were considered
current smokers if they smoked 1 vear prior to the
time of the intenview.

Oral Sauft

Oral snuff usage was recorded in a similar way as
smoking history, considering men who had ever regu-
larly used 1 package (50 grams) per week as ever-users
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TARLE |

Total Number of Cases identified, Referents Selected. Numbers
interviewed and Lost, and Reasons for Nonparticipeton

n the interviewnn

No. (%) of coses Na (V) of referean

Identified/ selecred 605 (100%) 756 (100%)
Lost (ot interviewed) 60 (10%) 115 (15%)

Refused 1 |

Dinabled 9 8

Dead X [

Not jocated - 2

Oxher remsoas 4 -
ineerviewed 545 (908 641 (85%)

and men who used oral snuff 1 year prior to the time
of the interview as current users. Total consumption.
duration. and mean intensity of usage were calculated
in the same ways as for smoking tobacco.

Alcohol intake

Intake of alcoholic beverages 5 years prior to the time
of the interview was assessed using a questonnaire
slightly modified from Gerhardsson de Verdier et al’
It provided information on the intake of beer, wine.
and hard liquor. using seven categories of consump-
tion frequency. and the average amount consumed on
each occasion. This information was translated into
grams of alcohol per day using a daia base at the Swed-
ish National Food Administration.:

Data Analysis

The referents were selected 10 provide information on
exposure frequencies in the person-time that gener-
ated the cases. The relative nsk .RR. incidence rate
ratio} was calculated by logistic regression analysis.*
Adjustments were made according to study design for
age (three categories) and region (two categones). In
some analyses. adjustments were also made for to-
bacco smoking (current smokers. ex-smokers. and
those who never smoked! cr alcohol intake /<10. 10-
19. 20-49. and =350 grams per day:. or both. As a check
of residual confounding. adjustments were also made
for age in 3-year categories. duration of smoking. oral
hygiene. and centain dietans factors. The EGRET (1988}
computer program from the Staustics and Epidemiol-
ogy Research Corporatior. was used to process the
data.

RESULTS

A total of 605 cases were identified. and 756 referents
were selected. Ninety percent of the cases and 85% of
the referents participated in the internviews. Reasons
for not participating are shown in Table 1.

Tehocos snd Aloshat i SCOM Blclopisuie ot & 1200

smoked cigarettes only (RR = 3.7, 95% confidence in-
terval [CI] = 2.5-5.5) were compared with those who
smoked cigarillos. cigars, or 8 pipe (RR = 4.1, 95%
Cl = 2.3-7.4) and those who mixed use of different
smoking tobacco (RR = 4.1, 95% C1 = 28-6.1). Due
to there being only two pure cigar smokers in the ma-
terial, it was not possible to perform the RR analysis
for this subgroup. All smoking tobacco was considered
together in Table 2. showing the RRs associated with
different aspects of smoking. The risk was consider-
ably lower for ex-smokers than for current smokers
and was related to time since smoking cessation. No
increased risk was found for men who had stopped
smohmmoremmyunpmmy.maemdso
some association between risk and the mean intensity
of smoking. Cessation of smoking was, however, more
common among men who smoked only a few ciga-
rettes or grams of tobacco per day than among men
with a high daily consumption. To evaluate the impact
of the mean intensity of smoking aside from smoking
cessation. it was investigated in current smokers: RR
= 6.1 (35% ClI = 4.0-9.5) for men smoking <15 grams
per day. RR = 6.1 (35% CI = 4.0-93) for men smoking
15-24 grams per day. and RR = 6.6 (95% Cl = 3.4-
12.7) for men smoking =25 grams per day. This sug-
gested that aside from the effect of smoking cessation,
there was litte or no impact of mean smoking inten-
sity. If so. the impact of total consumption would es-
sentially reflect an effect of duration of smoking, be-
cause total consumption equalled mean intensity
multiplied by duration of smoking. As shown in Table
3. smoking cessation and the duration of smoking each
had a decisive impact on risk

The cancer subsites in the interviewed cases were:
the oral cavity in 128 cases. the pharynx in 138 cases
(75 orophannx and 63 hypopharynx. the larynx
(mainh glottic) in 157 cases. and the esophagus in
123 cases. Analysis by cancer subsite showed similar
results. although the relative effect of smoking was
more pronounced for cancers of the phanynx and lar-
vnx than for cancers of the other subsites. For current
smokers. the RRs (with 95% Cls) were as follows: for
cancer of the phanmnx. RR = 8.5 (4.0-18.2): lanynx. RR
= 7.5 3.9-142); esophagus. RR = 5.2 (2.6-10.3): and
oral cavity. RR = 4.9 (2.6-9.2). For men who had
smoked 45 vears or longer: phannx. RR = 10.1 (4.6~
22.1;: larynx. RR = 7.6 (3.9-14.7): esophagus. RR = 5.4
(2.7-11.0); and oral cavity. RR = 6.3 (3.2-12.4).

Onerall. the use of oral snuff had litde or no effect
on risk. as shown in Table 4. In an anahsis performed
with the reference category *“never-tobacco-users.” preci-
sion was very low. as there were only 9 cases and 10
referents who had ever used snuff but had never smoked
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TABLE 2
Smoking’ and Relative Risk of Head and Neck Cancer” in Swedish Men Ages 40-79 Yoy
Beiatve risk (5% confidence imeerval)
afiusted for
Design’ -
Smeking No. of coms Ne. of refereats Design’ slkcobol®
Never smoked “ 1 10 1.0
Ever smoked 01 “s 50 35-7.0) 40 28-5.0
Cimrent smokers 35 ' T 8458-122) 63 (4.4-93)
Ex-smoken 16 ™ 21014-31) 19113-28
Swpped smoking
1-10ymn o 6l B 1522-57 12 20-52)
13-20 yrs ogo k -] h 13(11-31) 1.7 {10-29
a2l yis a0 b+ ] o Ll 08200 09 05-1.9
Age at sant
<iSyn 110 = 65 42-10.0) 3032-79
15-19yms -7 b4 20678 40:27-39
0-Uy 101 R 44028-87 18 24-39
alm k<] ] 28 (16-49) 26°13-46
Duranon of snoking
<X m 0 13% 13103-20 12:0.7-19
30-44 yrs 168 @ 9133-7)) 319 26-39
ad5yn k..<} i 43 63-138) T2:48-108)
Total coosumpaon’ .
<125 kg tobecen b1/ 'Y 15(10-25) 15(10-24
125-250 kg tobacco 181 146 5503°-82) 43 (29-63)
>250 kg tobacco % 157 T5(51-110) 39 4.0-83,
Intensity of smokung*’/
<15 g tobacco. day am oil 41 .23-6.0 34.23-351
15-24 g tobacco
dav 30 K 35 38-81 $4°29-85
25 ¢ tobacco. dav 8 38 §5 40-10.0 48 29-8.1
Deep whajerst
Yes H! .75 89 .81-1300 37 43-100
No 4 3 33 30-93 132170

* Corenes aganiios. a@n pee

* Squamous cet TRoma of e oal AN I a0 NPOOGITAL @NTL A0 SOOKMES
TAge 40-34 13-64. 5-73 w3 and repoe Soxxhown and e 0UTh Sweden heathaare wva
* Fouz cmegoney <10 10-1¢ 10-49. 230 g acomm v

‘Oneagareaz oraganiio = g o =3¢

"Toal coanampoon 3vided ™ Juranon of unocny g per SIv

§ \mong current smoters. Dau Tusung for 3 cmes and 5 vierenn.

tobacco. The RR (95% CI) for ever-users of snuff was RR
= 4.7 (1.6-13.8). For current users. RR = 33 195% Cl =

0.8-12.0). and for ex-users. RR = 105 (95% Cl = 1.4- -

117.8). further illusoratng the low precision. When former
smokers were the reference category. the precision was
higher. with 24 cases and 46 referents who had ever used
snuff. For ever-users of snuff with this reference categon.
RR = 1.1 (95% Cl = 0.6-19). For current users of snu®.
RR = 1.4 (5% CI = 0.7-2.8). and for ex-users RR = G.3
(95% Cl = 0.4-1.8). With current smokers as a reference
category, the RRs (95% Cls} were as follows: RR = 0.8
(05-12) for ever-users of snuff. RR = 0.6 (03-1.1) for
current snuff users. and RR = 1.0 (0.5-2.0) for ex-users.

In an anahsis by anatomic subsite. precision was again
low. The RRs by subsites are shown in Table 5.

The effect of alcohol intake is illustrated in Table
6. The results suggest a gradual increase in the risk of
cancer of the head and neck with increasing alcohol
intake. However. moderate alcohol intake (10-19
grams per day) had litde or no impact on the risk of
cancer in ex-smokers and in men who never smoked
(Table 7). Moderate alcohol consumption was found
to increase the risk only among current smokers. The
joint effect of a high alcohol intake ‘=20 grams per
day). with an RR of 4.2 and current smoking RR = 6.3,
was nearly multiplicative: RR = 22.1.



TABLE 3
mamuwmuu-mu
Relative Risk of Head and Neck Cancer in Swedish Men

Ages 8-79 Yaany

Relartve risk (95% confidence interval)
No. of exposed cases/exposed referents
Duraties of smoking Carrent smokery &x-amokens
atsyn 7343110 Lae-am
471113 »%/3]
X-Hum &1133-98 24 (15-40
12074 &
<Om 24(11-33) 1.0 06-10
Wz Nz

Unexpesnd srver smokzrs): #4 cases: 193 referesc.
hunmhg:»uusnmmmmmmm
bmihcase wren. and alcobol meake (<14, 10-13. -4, 230 g akcobol dov

Analysis by subsite showed the swongest relative
effect of alcohol for cancer of the esophagus (RR =
8.6, 95% Cl = 3.8-19.2) and pharynx (RR = 8.5. 95%
Cl = 4.0-18.1) at an alcohol intake of =50 grams per
day. For the other subsites, the corresponding effects
were as follows: oral cavity, RR = 5.7 (35% Cl = 2.8-
11.9) and larynx. RR = 2.0 (95% Cl = 0.9-4.7). The
RRs were adjusted for design and smoking. as shown
in Table 3.

To check for residual confounding, RRs for smok-
ing, oral snuff. and alcohol (Tables 2. 4. and 5) were
adjusted for age in 5-vear categories. and RRs for snuff
and alcohol! (Tables 4 and 5) were also adjusted for
duration of smoking. This. however. left the results
virtually unchanged. In addition. adjustments for di-
etary intake of calories. protein. fat. carbohydrates. fi-
bers. and vitamins and for indicators of oral hygiene
had litde or no impact on these results.

DISCUSSION
The possibility of bias due to identification of cases
and selection of referents is imporiant in any case-
referent study. To avoid such bias in the current study.
we made effonts to identify all incident cases of head
and neck cancer that occurred during the study period
in a population defined by age. gender. and residence.
This was facilitated by close cooperation with the clini-
cians involved and by the availability of population-
based cancer registries. In additon. the referents were
selected from continuously updated registers of the
base population for the purpose of obtaining a repre-
sentative sample of the person-tume that generated the
cases.

The interviews were completed by 90% of the
cases identified and by 85% of the referents selected.

Tebacoe and Aloshsl i SCON BisiegyLowin ot ol 1m

Thus, even a substandal difference In exposure be-
tween those Interviewed and those not interviewed
would only have changed our results modestly. To
avoid differential misclassification. the interviewers
were trained to ask the questions in such a way that
any impact of the disease on the answers would be
minimized. However, for medical reasons. there were
differences in the interviews. The cases were mostly
interviewed at the hospital and the referents were usu-
ally interviewed in their homes. The cases were inter-
viewed about 1 month after diagnosis but had experi-
enced- symptoms for some time prior to diagnosis.

Some cases could have reduced (or increased) their

tobacco or alcohol consumption due to such symp-
toms. To avoid this source of bias, exposure informa-
tion for cases and referents did not include smoking
and oral snuff usage during the last year prior to the
interview. and information was obtained on alcohol
intake 5 years prior to the interview. However, smokers
who have reduced their smoking tend to underrepornt
their past smoking.'* Thus, if our cases had reduced
their smoking due to symptoms of disease, smoking
cases could have underestimated the number of ciga-
rettes they smoked per day in the past. This would
result in some underestimation of the effect of mean
intensity of smoking in the current study. Underre-
porting of alcohol intake is another possibility. Pa-
tients with a serious disease (our cases) could be less
likely to underreport their alcohol intake than healthy
subjects (our referents). If exposed referents were clas-
sified as unexposed. the effect of alcohol intake would
be overestimated. If highly exposed referents were
classified as moderately exposed. the effect of a high
alcohot intake would also be overestimated, but the
effect of moderate alcohol intake would be underest-
mated.

Tobacco smoking has previously been shown to
increase the risk of several cancers, including squa-
mous cell carcinoma of the head and neck We found
a fourfold increased risk for ever-users of smoking to-
bacco (RR = 4.0. 95% Cl = 2.8-5.7) for all sites. This
was well in accordance with the results of other stud-
ies.'*"'" Mean intensity of smoking had litde or no
impact. but the risk increased with the duration of
smoking. Similarty. Rothman et al. found only a minor
difference in risk according to mean intensity, whereas
Brugere et al. found a strong correlation between in-
tensity and risk.”'* However, whether the intensity
indicated is the mean intensity or current intensity is
unclear. In results similar to those of our study. Blot
et al. found a smaller difference in risk regarding inten-
sity of smoking as compared with duration of the
habit. Their risk estimates were generally lower than
ours.'*'* Bundgaard et al. found that the risk of oral
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TABLE 4

Oval Sauff Usage and Relacive Risk of Head and Neck Cancer in Swedish Men Ages 48- 79 Yoars

Ralative risk 35% confiduncs inaerval) adjuseed for

Ora) socfl wmage No. of coem No. of referenns Desige’ Dunign’ - akcobol® sad smoking'
Never used " 550 10 19
Ever used [ ¢] 9 1.1 (08-15) 1.10.7-185)
Carent wsers L&) 50 1007-186 1.0 10.6-1.6)
Ex-asen o ] 12104-19 1207-19)
Age &t sun
<Bm ] a L1 @7-19 Lo B6-16)
alsm “ ] L1 @s-LD L1 R7-18)
Dursuoa of
<Xy - L] L1@s-1.0 L 07-18
23y k| k+d LIR7-19) L1 05-20)
Total coasumpoon
<AxR 5 5] L1 @3-LD L0 07-16
=125 kg % r: ] 1.1 085-19) L1 06-20)
Insensary of usage’
550 g/ weed [ iy 10 06-14) 08 05-13)
>30 g/week 3 M 1.4 109-23 16 103-26)

*AgR 14054 35-64. 55- Y vTs. and wpoc SeocKhoen and G SOuTh Seeaen beahaare ..
* Four comegones 1 <10, 10-19. 20-49. 230 g axcotol. o

* Thrue camgones -aever smokers. & -mossm. QSTen: Smakery,.

¢ Texal conmampoon dmded bv éuraoon of Jage g pet weet.

TABLE 5

OnlSnuﬂngeandRehdveNskofHetdmdNecancerinSwdhbMeuAgulO—?SYmbySlu

Oral caviry Larym

Esophagns Pherymx

Oral souff asage ™~ Casesreferens RR

Casesirelerens RX°

Casen/referenss [ o Casey/referents ! o

Sever used i03 530 td 113 330 10 18 330 10 18/530 10

Ever used 2591 14 08-24 MR 1 03 03-13 19 9i 1207.2Y 15,91 07 04-.3
Current users 1930 10 03-22 1330 10 05-:3 10-30 1.1103-24: 8.30 6.7 03-i3
Ex-users 15.41 18 08-37 941 38 04-.7 9-4l 13'06-11 1 0893-.9

‘Reusve i AR 357 condocnce Tvevas are amasied D¢ g -4 33-54 13-V M epon Seocxyoms ) e South Sweden JcaThaare ael. SEOKEg SR SN @-UBOLLTL NTEN SROKETS

a0 acohon oute <10 :0-.9 -9 230 g acoho 3

cancer increased with current dailv consumption of
smoking tobacco. but also with lifetime consump-
tion."* Tuyns et al.. however. found that the risk in-
creased with mean intensity."” For supraglottic cancer
they found a RR of 2.8 195% Cl = 1.2-6.8) for a mean
consumnption of 1-7 cigareutes per day and a RR of
24.0 185% CI = 11.8-48.7) for a mean consumption of
more than 26 cigarettes per dayv. We found a tendency
towards a higher RR for deep inhaling of tobacco
smoke. This was also reported by Tuyns et al.. but
only for glontic cancer.” It is known that the risk of
developing cancer of the head and neck decreases
after smoking cessation. Blot et al. and Tuyns et al.

found no excess risk after 10 years,'*'* whereas Spitz
et al. found no excess risk later than 15 vears after
cessation of smoking.™ We found a gradual decrease
in risk up to 20 years after smoking cessation in our
study. Some differences were found in the magnitude
of the effect for different subsites. This was also in
accordance with previous results.'*'* However, the
number of cases in each subsite was small. and the
results should therefore be interpreted with caution.

Alcohol intake may increase the risk of head and
neck cancer, according to previous studies.?™4=:-
Even though alcohol per se is not mutagenic, possible
mechanisms for alcohol-related carcinogenesis have
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TABLE ¢
WWMMMdHﬁﬂMMhWMa@&-NYﬂﬂ
Relative risk (35% confidence intervel)
. adiusted for

Desgr’ -
Alcobel intake No. of cases No. of refereats Denign’ smoking’
<10 gday 185 ) 10 10
10-19 g/day h 15% 1612-21 1305-18
X-8 yday "t 10 18 28-52) 7 (19-38
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TABLE 7
Smoking, Alcobol Intake, and Relatve Risk of Head and Neck Cancer
In Swedish Men Ages 40-79 Years

felative risk (35% confidence terval)
No. of coses/we. of referents
Akeobol incake
Saoking 220 g/day 10-19 g/day <10 gday
Current smokers 21{130-3°8 10.4 59-183: 63:37-103:
196/82 8451 105 10!
Ex-smolers 34 28-102 22 12-41 hE IR PR R
HY %% %126
Never smoked 4218-97 12 05-31 I
13,20 1 24 136

Aetagve raks are adused br age 4034 35-34 53-9 T3 ang epcr Mochoan aad De South
Smeden heathaare yrea

been discussed by Kato and Nomura.”> In our study.
RR = 5.5 (95% CI = 3.1-9.6) for consumpuon of more
than 50 grams per day. compared with less than 10
grams per day. after adjusument for smoking. A dose-
dependent increased risk was found for tumors in the
oral cavity., pharynx. and esophagus. These results
seemed to be in accordance with other studies.”>**"**
Even though not completely comparable. the magni-
tude of RRs in our study regarding alcohol consump-
tion were similar to those of other studies. We found
different RRs for different subsites of the head and
neck This is also known from others. No significant
increased risk was found for tumors in the lannx. even
at the highest dose level. suggesting a local effect of
alcohol on the mucosa of the upper digestive tract.
In this study, supraglottic cancer was not analyzed
separately, as the patents in Sweden with supraglottic
cancer represent only about 20% of all patients with
laryngeal cancer. Others have found an increased risk

for supraglottic rumors of the larynx from alcohol con-
sumption.’®® Modest consumption of alcohol only had
a minor impact on the risk of head and neck cancer.
Franchesi et al. got the same result in their study.
Hedberg et al. found a significant increase of laryngeal
carcinoma among alcoholics as measured by the
Michigan alcoholism screening test. even after adjust-
ment for cigarerte smoking.™ We did not classify our
padents as alcoholics or nonalcoholics.

Notable is the almost multiplicative effect of com-
bined high exposure to both tobacco smoking and al-
cohol. with an RR of 22.1 (95% CI = 12.9-37.8). This
result has also been found by others.? 141333 Majer et
al.. for example. found that heavy smoking and drink-
ing together increased the risk 146 tmes. and Bunde-
gaard et al. found a multiplicative effect (with RR =
80) for more than 20 grams tobacco smoked and mote
than 5 drinks per day.*'* The mechanism behind the
pathogenesis is largely unknown. However, there is
circumstantial evidence for a genetic link to DNA re-
pair. An increase in numeric and strucrural chromo-
somal rearrangements in the normal mucosa of smok-
ers compared with nonsmokers has been recorded.®
A defect in DNA repair might explain the impact of
alcohol on cancer induced by tobacco smoking. On
the molecular level. it has been shown that the fre-
quency of pS3 mutations among patients with squa-
mous cell carcinoma of the head and neck are higher
in smokers than in nonsmokers and even higher in
smokers who also drink alcohol.*> The magnitude of
the RR associated with tobacco smoking and alcohol
consumption varies among different studies. This mav
party be due to differences in the consumption pat-
terns in different parts of the world. We did not invest-
gate the impact of different kinds of smoking tobacco.
as the vast majority of smokers in Sweden smoke
blond tobacco (dark tobacco is used by less than 1%
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of the smoking population). We also did not categorize
exposure according to different types of alcoholic bev-
erages. as there is as yet no convincing evidence that
nonethanolic ingredients in alcoholic beverages are
of any importance in the etiology of head and neck
cancer.

Of special interest to the Nordic countries is
“*Swedish” oral snufl. it is a moist, nonfermented to-
bacco, mainly produced from dark Virginia tobacco
mixed with Kentucky tobacco. It is a special Scandina-
vian product used mainly in Sweden and to a lesser
extent in the other Nordic countries. Outside this geo-
graphic area this snuff is virtually not used at all. It is
sometimes said that 15% of all males in Sweden use
or have used Swedish oral snuff. In our material. 14%
of the referents and 15% of the cases had used or were
current users of Swedish oral snuff. The consumption
is highest among males and the habit is most common
in the North of Sweden. This geographic area is a low
incidence area for head and neck cancers. In the areas
with the highest incidence of cancer of the head and
neck (the urban areas of Stockholm, Gothenburg, and
Malm?d), the consumption of oral snuff is lower. In
comparison with countries where oral snuff is seldom
used, Sweden has a much lower incidence of head and
neck cancer. especially cancer of the buccal mucosa
and gingiva.' Within the European Union. a discussion
is taking place over the role of oral snuff in the enology
of cancer with special concem for cancer of the head
and neck. The concemn is especially important, as this
type of oral snuff is believed to be widely used among
male teenagers and it is often being regarded as an
alternative to cigarente smoking. Oral snuff contains
N-nitrosamines with carcinogenic potential. Reports
from the U.S. have indicated an increased risk of oral
cancer associated with the use of oral snuff,*” and
the International Agency of Research on Cancer has
concluded that nonsmoking tobacco is hazardous.*
The prohibition of oral snuff by the European Union
member nations has been urged. Sweden has so far
been an exception to this prohibition. in our study.
relative risks were usually close to RR = 1. Age at start,
total number of years of use. and total amount used
in a lifetime had litde or no impact on RR. A high
intensity of usage (>50 grams/week) was associated
with moderately. but not significantly, elevated risks:
RR = 1.7 (95% CI = 0.8-3.9) for cancer of the oral
cavity and RR = 1.9 (5% C| = 0.8-3.9} for cancer of
the esophagus. The snuff is known to produce ulcer-
ation at the place of application on the gum under the
upper lip. Also. white lesions often appear at the place
of application. There is no clinical evidence that these
lesions transform into malignancies. and the mucous
tissue normalizes after cessation of snuff dipping.* On

the contrary. as mentioned before, cancers of the gin-
giva or buccal mucosa are very rare, with only 14 cases
a year on average in the Stockholm area (1990-1993).
Of these, none were located inside the upper lip. The
difference in results between the studies by Winn et
al. and ours might be related to differences in study
techniques.*’ The studies by Winn et al. involved refer-
ents selected from among patients admitted to hospi-
tal for reasons other than cancer. These patients do
not necessarily represent the true use of oral snuff in
the study base. Also. no consideration of chronic iron
deficiency anemia was taken, although it is known that
chronic anemia among women can produce squa-
mous cell carcinoma of the upper gastrointestinal
tract. The fact that different types of oral snuff contain
different amounts of carcinogenic agents, due to both
the ingredients used and the production process,™ is
also a plausible explanation for the different results.
It is noteworthy that the RR (47.5) for the use of oral
snuff found by Winn et al. was based on small numbers
of individuals. Before forming public health recom-
mendations or regulations, the RR for squamous cell
carcinoma of the head and neck associated with Swed-
ish oral snuff compared with tobacco smoking, as well
as the possibility of other yet unknown health risks,
has to be considered. '

In conclusion. we confirm others’ findings of a
dose-dependent excess risk of cancer of the head and
neck from tobacco smoking and alcohol consumption
among Swedish males. Moderate alcohol intake had
lirde or no effect among nonsmokers. No significanty
increased RR was found for the use of Swedish oral
snuff.
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