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THE COSTS OF TOBACCO

“I'l tell you why 1 like the cigarette business. It costs

EIAOZ TOY q)YTOY a penny to make. Sell it for a dollar. It's addictive.
NIKOTIANH And there's fantastic brand loyalty.”

Warren Bufler, investor, 1930
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Chapter 3 Biology of Tobacco and Smoking

C.C. Maurer and K.N. Syrigos
- R R R TR ittt -

Table 3.2. Known concentrations of carcinogens. ND Not detected

Amount in (mainstream) Sidestream/mainstream ratio

Group/Carcinogen
tobacco smoke ng/cigarette

* Exact source of extraction not specified, values may be higher than expected.

® Data estimated by the concentration of sidestream smoke at 140 ng/cigarette.

b Data estimated at 75,000 ng in mainstream smoke to 653,000 ng in sidestream smoke.

“ Based on 14.1 and 35 ng per cigarette and sidestream smoke of 67 ng/cigarette.

¢ Based on sidestream smoke of 400,000 ng/cigarette.

€ Based on sidestream smoke of 8-73 ng/cigarette.

fBased on upper level detection of sidestream smoke (823 ng unfiltered, 1,770 ng filtered).
# Based on sidestream smoke of 15,700 ng/cigarette.
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, : a few of the workers who thought that there was soms
TOBACCO SMOKING AS A POSSIBLE ETIOLOGIC evidence that tobacco was an important factor in the

increase of cancer of the lungs. Miller ' in 1939,
FACTOR IN BRONCHIOGENIC CARCINOMA from a careful but limited clinical statistical study,

A Stwdy of Six Hundred and Eighty-Four Proved Coses offered good evidence that heavy smoking is an impor-
. tant etiologic factor. In 1941 Ochsner and DeBakey '*

called attention to the similarity of the curve of increased

EVARTS AHAM, M.D. sales of cigarets in this country to the greater prevalence

St Lewis of primary cancer of the lung. They emphasized the

General Iucrease —There is rather general agreement
that the incidence of bronchiogenic carcinoma has
greatly increased in the last half-century. Statistical
studies at -the Charity Hospital of New Orleans
(Ochsner and DeBaker),! thef St. Louis City Hospital
(Wheeler)? and the \'eterans Administration Hospital
of Hines, Ill. (Avery)? have revealed that at these
hospitals cancer of the lung is now the most frequent
visceral cancer in men. -

METHOD OF rETI.'DY
The results of this study are*based on 684 cases of

proved bronchiogenic_carcinoma.” Tt should be empha-
sized “that the results in this report have not been
obtained from hospital records since we learned at the
outset of our study that the routine records did not
supply satisfactory answers to our questions. It was
therefore decided to seck the desired infonmation by
special interviews. Six hundred and thirty-four patients
reported on in this paper have Téen personally infer-
viewed, and in"J3 cases we obtaied the mlormation
by mailing a questionnaire ' Tn the remaining 17 casés
infornTafion Tor the quésiionnaire was obtained from a
person who had been intimately acquainted with the

patient throughout his adult life.

Purpose of Study.—The purpose of the present study:
was to artemipt to determine, so far as possible by clini-
‘eal invesiigations, stafistical methods and experimental,
studies, the importance of various exogenous factors
that might play_a fole in the induction of hronchiogenic
carcinomia. In this regard we intended to Tearn the
relativé niportance of previous diseases of the lumgs,
rural and urban distribution of patients, various occu-
pations and hereditary background as well as smoking
habits. By obtaining all this information, we hoped to
detennine whether any of these factors, either singly
or in combination, have had an effect in increasing the
incidence of bronchiogenic carcinoma.

(9

Smoking & Lung Cancer




Their conclusion is as follows: “On the basis of the
statistical data for both the control study I and the
combined results, when the nonsmokers and the total of
the high smoking classes of patients with lung cancer
are compared with patients who have other diseases,
we can reject the null hypothesis that smoking has no
‘efféct on the induction_of cancer of the lungs. If smok-
ing does not have anything to do with the induction of
cancer of the lungs, then the observed deviation could
occur only with the probability (p) as shown above.”

S. Ninety-six and one-tenth per cent of patients with
cancer of the lungs who had a history of smoking had
smoked for over twenty years. Few women have
smoked for such a length of time, and this is believed
to be one of the reasons for the greater incidence of
the disease among men today.

6. There may be a lag period of ten years or more
‘between the cessation of smoking tobacco and the occur-
rence of clinical syniptoms of cancer. -

7. Ninety-fTour and one-tenth per cent of male
patients with cancer of the lungs were found to be
cigaret smokers, 4.0 per cent pipe smokers and 3.5 per
cent cigar smokers. This prevalence of cigaret smok-
ing is greater than among the general hospital popu-
lation of the same age group. The greater practice of
inhalation among cigaret smokers is believed to be a
factor in the increased incidence of the disease.

8. The influence of tobacco on the development of
adenocarcinoma seems much less than on the other
types of bronchiogenic carcinoma.

9. Three independent studies have resulted in data
so uniform that one mayv deduce the same conclusions
from each of them. -

CONCLUSION AND SUMMARY

1. Excessive and prolonged use of tobacco, especially
cigarets. seems to be an important factor in the induc-
tion of bronchiogenic carcinoma.

2. Amoung 605 men with bronchiogenic carcinoma,
other than adenocarcinoma. 96.5 per cent were moder-
ately heavy to chain smokers for many years, compared
with 73.7 per cent among the general male hospital
gopula:im: without cancer. Among the cancer group

1.2 per cent were excessive or chain smokers com-
pared to 19.1 per cent in the general hospital group
without cancer.

3. The occurrence of carcinoma of the lung in 2 male
nonsmoker or minimal smoker is a rare phenomenon
(2.0 per cent).

4. Tobacto seems at this time to play a similar but
somewhat less evident role in the induction of epi-
dermoid and undifierentiated carcinoma in women.
Among this group a greater percentage of nonsmokers
will be found than among the men. with 10 of 25
being nonsmokers.

osmoking & Lung Cancer
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SMOKING AND CARCINOMA OF THE LUNG
PRELIMINARY REPORT -
BY
RICHARD 'DOLL, M.D., M.R.C.P.
Mermber of the Statistical Research Unit of the Medical Research Council
AND

A. BRADFORD HILL, Ph.D., D.Sc.

- Professor of Medical Statistics, London School of Hygiene and Tropical Medicine; Honorary Director of the Statistical
. Research Unit of the Medical Research Council .

In_England and Wales the Ehgn_cnpgngl_ i_ncrease in the [B - 27¢ method of the investigation was as follows

number of deaths atfributed” fo_cancer of thé lung pro-

patients admitted to them with carcinoma of the lung,
stomach, colon, or rectum.

Between April, 1948, and October, 1949, the notificatio
of cancer cases numbered 2,370. It was not, however,
sible to interview all these patients.

mortality recorded by the Registrar-General. For example,
in the quarter of a century between 1922 and 1947 the
annual number of deaths recorded increased from 612 to
|9,287,' or roughly fifteenfold. This remarkable increase is,
of course, out of all proportion to the increase of popula-
tion—both in total and, particularly, in its older age groups.
Stocks (1947), using standardized death rates to allow for

TasLE IL—Number of Patients Interviewed in Each Disease Gro ;_-':[
. Subdivided According to Certainty of Diagnosis £

MNo. of Cases

Group A. Group B.
D 5 Other ©
Confirmed Cri;cfrin Total 5
Pe ———————————————————————————— e, Diagnosis
————————————————— Carcinoma of lung .. 220
»s » Stomach .. 28 206
o +»» €olon and rectum 19 431
Other malignant diseases . e
Diseases other than cancer (controls)
Other cases .. - . .
Excluded

Disease Group

Two main causes have from time to time been put for-

ward : (1) a general atmospheric pollution from the exhaust

fumes of cars, from the surface dust of tarred l'CladS, and The 709 control patients with diseases other than can.ce.r
form a group which was, as previously stated, deliberately

from gas-works, industrial plants, and coal fires; and fos roup which was, as previously statec iberately
e R e e

A-.'I-lm‘s- .. | - ‘ — | 2,475

C o~ - 4 - - » -
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Summary

The great increase in the number of deaths attributed to
cancer of the lung in the last 25 years justifies the search for
a cause in the environment. An investigation was therefore
carried out into the possible association of carcinoma of the
lung with smoking, exposure to car and fuel fumes, occupation,
e¢tc. The preliminary findings with regard to smoking are
reported.

female lung-carcinoma patients who smoked gave as their most
recent smoking habits prior to their illness the equivalent of 25
or more cigarettes a day, while only 13.5% of the male and
none of the female non-cancer control patients smoked as much.
Similar differences were found when comparisons were made
between the maximum amounts ever smoked and the estimated
total amounts ever smoked. .

the interviewers. Reasons are given for excluding all these

possibilities, and it is concluded that smoking is an important
factor in the cause of carcinoma of the lung.

osmoking & Lung Cancer



BRITISH MEDICAL JOURNAL

LONDON SATURDAY JUNE 26 1954

THE MORTALITY OF DOCTORS IN RELATION
TO THEIR SMOKING HABITS
A PRELIMINARY REPORT

BY

RICHARD DOLL, M.D., M.R.C.P.
Member of the Statistical Reseal:ck Unit of the Medical Research Council

ASID

A. BRADFORD HILL, C.B.E, F.R.S.
ol of Hygiene and Tropical Lo¥
e

Professor of Medical Sratistics, Lon

T Honorary Director of the Statistical
Research .

Kingdom and asked them to fill in a simple ques-
tionary, ~In addition to giving their name, address, an
age, the doctors were asked to classify themselves into
one of three groups—namely, (a) whether they were, at
that time, smoking ; (#) whether they had smoked but
had given up; or (¢) whether they had never smoked
regularly (that is, had never smoked as much as one
cigarette a day. or its equivalent in pipe tobacco, for
as long as one year). All present smokers and ex-
smokers were asked additional questions. The former
were asked the ages at which they had started smoking
and the amount of tobacco that they were smoking, and
the method by which it was consumed, at the time of
replying to the questionary. The ex-smokers were asked
similar questions but relating to the time at which they
had last given up smoking.

they smoked at that time (or when they gave up).
The certified causes of death of those men and women
who have since died have been supplied by the
Registrars-General of the U.K. over the ensuing 29
months. This preliminary report is confined to the
deaths among the 24,389 men over the age of 35.
Though the numbers of deaths at present available

buted to coreonary thrombosis as the amount smoked

increases, but the gradient is much less steep than that
revealed by cancer of the lung. The other groups of
deaths so far analysed reveal no gradient (other forms
of cancer, other forms of cardiovascular disease, respi-
ratory diseases, all other causes).
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U.S. Surgeon General,
Luther Terry, M.D.



Tae ErrFecTs oF SMmoxkINnG: PrinciraL FINDINGS

Cigarette smoking is associated with a 70 percent increase in the age-

In view of the continuing and mounting evidence from many sources, it
is the judgment of the Committee that cigarette smoking contributes sub-
stantially to mortality from certain specific diseases and to the overall death

rate.

‘continuing ;mT)ang.
‘smokers of cigarettes have approximately a 9- to 10-fold risk of developing
lung cancer and heavy smokers at least a 20-fold risk.

The risk of developing cancer of the lung far the combined group of pipe
________ Than for

TaBLE 2.'—Expected and observed deaths for smokers of cigarettes only and
mortality ratios in seven prospective studies

Underlying cause of death Expected | Observed | Mortality
deaths deaths ratio

"ancer oflunﬁ(lﬁ&?.} U T 170.3 1,833 10.8
Itronchitis and emphysema (502, 521.1) - o oo 89.5 546 6.1
Cancer of larynx (161) .. H.0 75 5.4
Oral eameer (140-B) . e 37.0 152 4.1
Cancer of e30DhAgUS (150) ocenoven icccccccccrmmmssmc e cmrm e 37 113 3.4
Stomeeh and duodenal ulcers (540, 541) . 105.1 294 2.%
tther circulatory disenses (451 -68)_ 254. 0 2] 2.6
Cirrhosie of liver (581)  ______ 169.2 79 212
Cuncer of bladder (181)...__.- 1116 216 1.9
Coronary artery discase (4200, ..... - 6, 430.7 11,177 1.7
Other heart diseases (421-2, 430-4) ...l .. 526.0 88 17
Hypertensive heart (440-3) ... .o oo ccccmrmcmaccamemmaan 4. 2 531 L5
fivnera) arterioseherosis (A0 - o i iieeeeenas 20,7 310 L5
Caneer of KIADeY (180} . oo oo oo oo e eea e c oo 79.0 120 1.5
Allcanses ¥ . oo e i m i m e m e 15,6853 O 23,21 1.68

SMOKING «¢ HEALTH

REPORT OF THE ADVISORY COMMITTEE
TO THE SURGEON GENERAL
OF THE PUBLIC HEALTH SERVICE

Oral Cancer

The causal relationship of the smoking of pipes to the develop-
ent of cancer of the lip appears to be established.

Although there are suggestions of relationships between cancer
f other specific sites of the oral cavity and the several forms of
obaceo use, their causal implications cannot at present be stated

(Chapter 9, pp. 204-205).

Cancer of the Larynx

Evaluation of the evidence leads to the judgment that cigarette
smoking is a significant factor in the causation of laryngeal cancer
n the male (Chapter 9, p. 212).

Cancer of the Esophagus

The evidence on the tobacco-esophageal cancer relationship sup-
ports the belief that an association exists. However, the data are

not adequate to decide whether the relationship is causal (Chapter
9! pP- 218) .

Cancer of the Urinary Bladder

Available data suggest an association between cigarette smoking
and urinary bladder cancer in the male but are not sufficient to
Support a judgment on the causal significance of this association

Chapter 9, P- 225).

Stomach Cancer

No relationship has been established beiween tobacco use
stomach eancer ( Chapier 9, p. 229).

G B B [ - -
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440,000 Deaths Each Year Caused by Smoking

Cancers (159,600) Fetus and Infant

Deaths (970)

House Fires Set by
Cigarettes (970)

Heart Diseases

Secondhand (142,600)

Smoke Causing

Cancer or Heart

Disease (38,000) Respiratory Diseases (98,000)

All mnumbers are rounded,



Cancers You Get From Smoking

Pancreas (4%)
0 —
e ). Esophagus (5%)
Stomach (2%) Larynx (2%)
Leukemia (1%) Lung (78%)
Bladder (3%) & L 1’
 Cervix (1%)

—— Kidney (2%)

Percentage of total 159,600 individual cases
All numbers are rounded.
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The Health Consequences
of Smoking—50 Years of Progress

A Report of the Surgeon General

Surgeon General'’s Report

Figure 1.1A The health consequences causally linked to smoking
Cancers Chronic Diseases

Stroke
Blindness, cataracts, age-related macular degeneration®
. Congenital defects-maternal smoking: orofacial clefts*
Oropharynx N Periodontitis

Larynx < Aortic aneurysm, early abdominal aortic
Esiiphagis atherosclerosis in young adults

Coronary heart disease
Pneumonia

Trachea, bronchus, and lung o Y 5 : Atherosclerotic peripheral vascular disease

Chronic obstructive pulmonary disease, tuberculosis,*

Acute myeloid leukemia ;
asthma, and other respiratory effects

Stomach
Liver*
Pancreas ] || Reproductive effects in women

Kidney (including reduced fertility)

and ureter — Hip fractures
Cervix
Bladder Netople pnganscy®
Male sexual function—-erectile dysfunction*
— Rheumatoid arthritis*
Immune function*

Overall diminished health




Figure 6.4

Initiation
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The Health Consequences
of Smoking—50 Years of Progress

A Report of the Surgeon General

Pathway for causation of cancer by carcinogens in tobacco smoke
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Source: Modified from U.S. Department of Health and Human Services 2010,
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The Health Consequences
of Smoking—50 Years of Progress

A Report of the Surgeon General

Conclusions

1.

The evidence is sufficient to conclude that the risk
of developing adenocarcinoma of the lung from ciga-
rette smoking has increased since the 1960s,

The evidence is sufficient to conclude that the
increased risk of adenocarcinoma of the lung in
smokers results from changes in the design and com-
position of cigarettes since the 1950s.

The evidence is not sufficient to specify which design
changes are responsible for the increased risk of ade-
nocarcinoma, but there is suggestive evidence that
ventilated filters and increased levels of tobacco-spe-
cific nitrosamines have played a role.

The evidence shows that the decline of squamous cell
carcinoma follows the trend of declining smoking
prevalence.




The Health Consequences
of Smoking—50 Years of Progress

A Report of the Surgeon General

Conclusion

1. The evidence is sufficient to infer a causal relation-
ship between smoking and hepatocellular carcinoma.



The Health Consequences
of Smoking—50 Years of Progress

A Report of the Surgeon General

Conclusion

1. The evidence is sufficient to infer a causal relation-
ship between smoking and colorectal adenomatous
polyps and colorectal cancer.



The Health Consequences
of Smoking—50 Years of Progress

A Report of the Surgeon General

Conclusions

L.

The evidence is suggestive of no causal relationship

between smoking and the risk of incident prostate
cancer.

The evidence is suggestive of a higher risk of death
from prostate cancer in smokers than in nonsmokers.

In men who have prostate cancer, the evidence is sug-
gestive of a higher risk of advanced-stage disease and
less-well-differentiated cancer in smokers than in
nonsmokers, and—independent of stage and histo-
logic grade—a higher risk of disease progression.
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Major Summary Points for Active
Smoking

1. Based on 22 cohort reports published prior to 2012
and 27 case-control reports published from 2000—
2011, evidence suggests that a history of ever smok-
ing is associated with an increase in the RR for breast
cancer by an average of 10%; long duration of smok-
ing (20 or more years), greater number of cigarettes
smoked per day (20 or more). and more pack-years of
smoking (20 or more) significantly increase risk for
breast cancer by 13—16%, depending on study design
and the exclusion of studies with design or analysis
issues.

Studies hawve not clearly determined whether either
early age at smoking initiation or smoking before first
pregnancy is associated with increased risk for breast
cancer over and abowve the risk due to ever smoking.

Studies hawve not clearly determined whether the use
of a restricted no active/no passive exposure reference
group or adjustment for exposure to passive smok-
ing meaningfully alters or clarifies the association
between smoking and risk for breast cancer.

The extent to which the use of alcohol confounds the
association between smoking and risk for breast can-
cer remains uncertain and should be considered in
relation to the duration, dose, and timing of smoking.

There is emerging evidence to suggest that the risk
of breast cancer from smoking may be greater in pre-
menopausal than postmenopausal women, 17% wver-
sus 7%, or a relative difference of 994,

There is insufficient evidence to conclude that the
risk of breast cancer from smoking differs between
women diagnosed with ER+ tumors and those diag-
nosed with ER— tumors.
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Conclusions

In cancer patients and survivors, the evidence is suf-
ficient to infer a causal relationship between ciga-
rette smoking and adverse health outcomes. Quitting
smoking improves the prognosis of cancer patients.

In cancer patients and survivors, the evidence is suf-
ficient to infer a causal relationship between cigarette
smoking and increased all-cause mortality and can-
cer-specific mortality.

In cancer patients and survivors, the evidence is suf-
ficient to infer a causal relationship between cigarette
smoking and increased risk for second primary can-
cers known to be caused by cigarette smoking, such
as lung cancer.

In cancer patients and survivors, the evidence is sug-
gestive but not sufficient to infer a causal relation-
ship between cigarette smoking and (1) the risk of
recurrence, (2) poorer response to treatment, and (3)
increased treatment-related toxicity.
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