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ABSTRACT-A case-control study was conducted among 1,034
white male and female hospital patients with histologically proved
lung cancer (Kreyberg type I) or larynx cancer. After adjustment
for duration of the smoking habit, inhalation, and butt length,
relative risks of developing lung or larynx cancer were consis­
tently lower among long-term smokers of filter cigarettes than
among smokers of nonfilter cigarettes, irrespective of quantity
smoked. Relative risks in all groups declined with increased years
of smoking cessation. The observed risk reduction among cur­
rent smokers of filter cigarettes was consistent with that ex­
pected, considering that these persons had smoked the older
high-tar nonfilter cigarettes for a large proportion of their Iives.­
J Natl Cancer Inst 62: 471-477, 1979.

Although cigarette smoking is recognized as the
major causative factor of lung and larynx cancer in
both men and women (1), elimination of cigarette
smoking does not at present appear to be a social
possibility. Therefore, as Gori (2) has pointed out,
alternative strategies must be sought as a humane but
interim approach to the complex problem of preven­
ting tobacco-related disease. Two such strategies con­
tinue to be explored widely: a) persuading segments of
the population to reduce their consumption of ciga­
rettes or to quit altogether (behavioral), and b) modify­
ing the cigarette itself to produce a "less harmful ciga­
rette" (managerial). The effects of both approaches on
the risk of developing tobacco-related cancer have been
intensively studied for a number of years. In this paper
we examine the impact that the less harmful cigarette
has thus far had on the risk of developing lung or
larynx cancer, and we attempt to predict the future
disease patterns that may emerge from continued appli­
cation of the managerial approach to cancer preven­
tion.

The rationale underlying this assessment is the dose­
response effect observed in both prospective and retro­
spective studies; the greater the exposure (as measured,
e.g., by the average number of cigarettes smoked per
day or by duration of the smoking habit), the greater
the risk of lung or other tobacco-related cancers (3-6).
Thus as exposure decreases, either by smoking fewer
cigarettes or by smoking cigarettes significantly lower
in yield of tumorigenic components, a proportionately
lower risk of developing tobacco-related cancers should
be expected.

In this regard, two major events have occurred over
the past 20 years: Consumption of cigarettes with lower
tar" has increased (7-10), and the tumorigenic potential
of tar has decreased (10-12). Earlier studies have shown
that a lower lung and larynx cancer risk exists among
long-term smokers of filter cigarettes than among
smokers of nonfilter brands (13-16). We provide further
evidence, encouraging in light of the growing popu­
larity of lower tar cigarettes.

MATERIALS AND METHODS

The data constitute a portion of that collected in an
ongoing retrospective study of tobacco-related cancer.

With the use of a standard questionnare, interviews
were conducted from 1969 to 1976 in six U.S. cities by
personnel who had undergone a detailed and uniform
training period at our institute. Approximately one­
third of all interviewed patients were at Memorial
Hospital, and decreasingly smaller numbers were in
various hospitals in Houston, Los Angeles, New York,
Birmingham, Miami, and New Orleans. Interviewers
visited 93% of the coherent lung and larynx cancer
patients admitted to these hospitals.

The numbers of cancer patients and controls are
shown in table 1 with their age distributions. There
were 684 lung cancer cases and 350 larynx cancer cases.
All patients had histopathologic confirmation of diag­
nosis. For the analysis in this paper, only Kreyberg type
I lung cancer (squamous and oat cell types) was
considered because this type has been shown to exhibit
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472 Wynder and Stellman

TABLE I.-Number of cancer and control patients who were either
lifetime nonsmokers, current smokers, or ex-smokers,

by age and sex

Lung" cancer Larynx b cancer Controls
Age, yr patients patients

Male Female Male Female Male Female

<50 72 29 41 15 1,533 1,617
50-59 191 46 108 22 1,402 1,301
60-69 215 32 93 24 1,318 1,104
70-89 79 20 44 3 582 690

Total 557 127 286 64 4,835 4,712

a Kreyberg type I.
b Glottic and supraglottic types.

the strongest dose response of all tobacco-related cancers
(6, 14). The larynx cancer cases included both glottic
and supraglottic types because both have been shown to
be equally related to tobacco usage (13).

Controls were selected on the basis of absence of a
history of tobacco-related disease. Tobacco-related

LUNG CANCER (lCREYBERG TYPE 1), MALES

disease was defined as a cancer of lung, larynx, mouth,
esophagus, or bladder [which comprised the cases in
our previous report (6)]; cancer of the pancreas, liver,
or kidney; myocardial infarction; stroke, peripheral
vascular disease, or abdominal aortic aneurysm; chronic
bronchitis or chronic obstructive pulmonary disease;
gastric ulcer; or cirrhosis of the liver. The diagnoses of
9,547 eligible controls were distributed as follows
(numbers in parentheses are percentages for males and
females, respectively): cancer of the stomach (2, 2),
colon or rectum (7, 5), prostate gland (6, 0), breast (0,
13), cervix (0, 10), or skin, including melanoma (6, 4);
leukemia, lymphoma, or Hodgkin's disease (7, 4); other
cancers, e.g., cancer of the male or female reproductive
organs (9, 11); benign neoplastic diseases (11, 11);
fractures (8, 6); or other nonneoplastic diseases, e.g.,
burns, infections, or duodenal ulcers (44, 34).

The major index of response to cigarette smoking
was expressed as the relative risk, defined as the ratio
of the incidence of lung or larynx cancer among
smokers to its incidence among nonsmokers. Point

LARYNX CANCER. MALES
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TEXT-FIGURE l.-Age-adjusted relative risk of lung or larynx cancer for LTFS and NFS by quantity smoked. Fraction = No. cases/No. controls,
F= filler cigarettes, NF= nonfilter cigarettes, A) Lung cancer, males; No. cases = 143 LTFS, 150 NFS. B) Larynx cancer, males; No. cases = 66
LTFS, 86 NFS. C) Lung cancer, females; No. cases=50 LTFS, 13 NFS. D) Larynx cancer, females; No. cases=20 LTFS, 17 NFS.
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estimates of relative risk were made by means of odds
ratios; potentially confounding variables (e.g., age)
were controlled by use of either the Mantel-Haenszel
method (17) or the Miettinen confounder score method
(18). Interval estimates of relative risk were made by the
method of Gart (19).

This study included all interviewed white patients
who were either nonsmokers (never smoked any tobac­
co product regularly), ex-smokers (quit at least 1 year
prior to interview), or current cigarette smokers. Persons
who had regularly smoked only cigars or pipes were
excluded, but not cigarette smokers who also used
cigars or pipes. To assure that the known latency
period for most tobacco-related cancers was exceeded,
we restricted the smoker and ex-smoker groups to
people who had smoked cigarettes for at least 20 years.

RESULTS

Relative Risks Among LTFS and NFS

Age-adjusted relative risks were estimated separately
for LTFS (defined as present smokers who used filter
cigarettes currently and for at least 10 years) and NFS
(defined as present smokers whose current brand was
nonfilter). Age categories used in the adjustment were:
20-49, 50-59, 60-69, and 70-89 years. Results of these
calculations are displayed for both lung and larynx
cancer in text-figure 1. In these dose-response curves,
the estimated relative risk is plotted against the quantity
smoked (defined as the average number of cigarettes of
the current brand smoked per day). Among both
females and males, the risk for both lung and larynx
cancer among LTFS was lower than that of NFS at
each of the five quantity levels in which data were
grouped.

Table 2 shows the relative risks for LTFS, expressed
as a percentage of the risk for NFS, by sex and
quantity of cigarettes smoked daily. Percent reduction
of risk is obtained by subtracting this quantity from
100%. Among male LTFS, reduction of risk ranged
from 11 to 39% for lung cancer and from 25 to 49% for
larynx cancer. Substantial lowering of risk was also
calculated for female LTFS; the one exception was

TABLE 2.-Relative risk of lung or larynx cancer for LTFS,·
as a percentage of the relative risk for NFS, b

by sex and quantity smoked

No. of Cancer site
cigarettes Lung Larynxsmoked/

day Male, % Female, % Male, % Female, %

1-10 61 38
1-20 11

11-20 89 69 51
21-30 71 79 53
21+ 33
31-40 66 75
31+ 103
41+ 86 55

a Defined as present smokers who have used filter cigarettes
for 2:10 years.

b Defined as present smokers whose current brand is nonfilter.
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TABLE 3.-Estimated relative risk of lung and larynx cancer
among NFS, relative to LTFS. after adjusting for various factors

Sex Adjustment Odds ratio 95% Confidence
factors" interval

Lung cancer

Male D, Q 1.19 (0.92-1.55)
Male A, Q 1.26 (0.97-1.64)
Female D, Q 1.29 (0.67-2.47)
Female A, Q 1.37 (0.72-2.60)

Larynx cancer

Male D, Q 1.65 (1.16-2.34)
D, Q, Ale 1.49 (1.05-2.10)

Male A, Q 1.71 (1.21-2.41 )
Female D, Q 4.19 (2.66-6.61)

D, Q, Ale 3.97 (2.04-7.70)
Female A, Q 4.34 (2.27-8.31 )

• By Mantel-Haenszel method, adjusted for duration (D): 20-29,
30-39, 40-49, 50-59, 60+ years; average No. of cigarettes smoked
per day (Q): 1-10, 11-20, 21-30, 31-40, 41+; age (A): 20-49,
50-59,60-69,70-89 years; alcohol consumption (Ale): none, 1-6
oz/day, 7+ oz/day. For females, due to the small~r number of
cases, the D categories 50-59 and 60+ were combined, as were
the Q categories 31-40 and 41+.

probably attributable to the small number of cases in
that category.

Adjustment for duration and quantity smoked.-AI­
though adjusted for age, the foregoing risk estimates
may be influenced by additional confounding by dura­
tion of smoking habit, even though age and duration are
strongly correlated. This would be true, for example, if
LTFS began smoking earlier in life than did NFS of the
same age. Additional risk estimates were made in which
both habit duration and cigarette quantity were con­
trolled, and they were compared with corresponding
estimates in which both age and quantity were con­
trolled. Because we were adjusting for possible differ­
ences between LTFS and NFS, the risks were calculated
with LTFS (rather than nonsmokers) as the referent.
Results are presented in table 3, in which the odds ratios
and 95% confidence intervals are given.

Adjustment for other smoking intensity variables.­
Because tar and nicotine levels of cigarettes are highly
correlated (10), it has been suggested that persons who
switch to cigarettes with a lower tar level may subse­
quently adjust their smoking habits to compensate for
the concomitantly lower nicotine level. This compen­
sation may be manifested by an increase in the number
of cigarettes smoked per day, deeper inhalation, or
shorter butt length (indicating a greater portion of
each cigarette smoked). Odds ratios were calculated for
lung cancer by use of Miettinen's method (18), in
which the following variables were all controlled
simultaneously: average daily quantity of cigarettes
smoked and habit duration (continuous), education
(eight levels), inhalation (four levels), butt length (four
levels), and city (six levels). The resulting risk estimates,
based on a summary over 10 strata of the confounder
score, were not significantly different from those
reported in table 3.

Adjustment for alcohol consumption.-Although the
risk for lung cancer is greater than that for larynx
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474 Wynder and Stellman

cancer among smokers (relative to nonsmokers) (6),
table 3 shows that the reduction in risk observed
among LTFS relative to NFS was actually greater for
larynx cancer. Because larynx cancer is related to use of
alcohol as well as to cigarette consumption, potential
confounding by alcohol consumption was considered.
Among controls, for example, NFS were twice as
likely as LTFS to be heavy drinkers of alcohol (7 or
more oz/day). The larynx cancer risks in table 3, after
adjustment for duration of smoking, quantity smoked,
and alcohol consumption, were reduced to 1.49 for
men and 3.97 for women when this confounding was
removed but were still significantly greater than I.

Effect of Smoking Cessation on Cancer Risk

Because maximum reduction in cancer risk is achieved
by reducing tar intake to zero, i.e., quitting smoking
altogether, relative risk estimates were made for ex-

smokers in several age strata. In these calculations it
was not possible to discriminate between former NFS
and LTFS, because few of the latter had quit smoking
for a significant period of time. As observed previously
(6, 13), relative risk declined with years of cessation.
Because the reduction of risk was appreciably greater for
people 50-69 years old than for those 70 or more years
old, the relative risks for persons 50-69 only (stratified
into two groups, 50-59 and 60-69, and reported as a
combined risk estimate) were plotted against years of
cessation in text-figure 2. This age group included more
than two-thirds of all lung and larynx cancer patients.

The relevance of smoking cessation, particularly in
this age group, to use of the less harmful cigarette is
assessed by two observations (text-fig. 2). First, male
long-term cigarette smokers must have ceased the habit
for at least 3 years before any decline in risk could be
expected. The sizable increase in risk among males
during the first 3 years after cessation may be attrib-
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utable to the failure of smokers with emerging signs of
clinical illness to seek medical attention until after
quitting. Second, 10-15 years of cessation are required
before the long-term smoker's risk approaches that of a
nonsmoker. Therefore, at least this much time must
elapse for a long-term smoker to receive maximum
benefit from switching to lower tar cigarettes. This was
our rationale for restricting the LTFS group to persons
who had continuously smoked filter cigarettes for at
least 10 years.

DISCUSSION

Whether calculated as a single summary estimate or
as a dose-response curve, the data consistently point to
reductions in risk for lung cancer and even larger
reductions for larynx cancer risk among LTFS. As
stated previously, the maximum risk reduction that a
long-term smoker can expect is achieved only through
complete cessation of smoking. One who switches from
nonfilter to filter cigarettes must necessarily experience
a more modest risk reduction than an ex-smoker over
the same time period. Average tar levels of filter
cigarettes have been about two-thirds those of nonfilter
cigarettes for over a decade, and the tar levels for both
have declined roughly in parallel; thus a 20-30%
lowering in risk may reasonably be expected at the
present time and was about what was observed.

The following is a discussion of current and future
trends in cigarette composition and smoking behavior
that may soon influence the expected patterns of
tobacco-related cancers.

Cigarette Variables

Changes in tar levels with time.-When the first
major epidemiologic studies linking lung cancer and
cigarette smoking appeared in 1950 (5), the average
cigarette yielded about 40 mg tar. Since that time, tar
levels have fallen considerably. Text-figure 3 demon­
strates that tar levels of both filter and nonfilter

cigarettes continue to fall, and that even today's non­
filter cigarette produces one-third less tar than the
nonfilter cigarette of a generation ago (20). This
reduction in tar has occurred not only in the United
States but throughout most of the world (10-12, 21-24),
as shown in studies by Kuhn and Klus (25) in Austria,
Todd in England (26), Ledez in France (personal
communication), Timm in Germany (27), and Hoff­
mann in Canada (unpublished observations).

Changes in tar activity.-Chemical and biological
experiments have indicated that tars of present-day
cigarettes have lower carcinogenicity per gram than
tars of 25 years ago (4, 10, 11). This lowered activity,
coupled with reduced total yield per cigarette, has
undoubtedly contributed to a reduction in cancer risk
in some populations, as observed in this and other
studies (24).

Smoking Variables

Changes in filter cigarette consumption.-It is not
sufficient that some of the available cigarettes become
potentially less harmful in order to bring about a
measurable lowering of disease incidence. Smokers
must also switch to those cigarettes in preference to
higher tar brands. This appears to be the trend. By
1976 nearly 90% of all cigarettes sold in the United
States were filter brands (20, 24). The past 5 years have
witnessed the emergence of low-tar «15 mg) cigarettes,
which have captured more than 16% of the market.
This trend is illustrated in text-figure 4 in which the
market share of all cigarettes yielding less than 15 mg
tar is plotted for the lO-year period 1967-76. The
growing usage of these cigarettes will probably have a
continuing effect on reducing the average daily tar
intake and concomitant disease risk.

Changes in lifetime tar consumption.-Our studies
have not yet included persons who have smoked lower
tar cigarettes exclusively. Text-figure 5 shows a model
calculation of the proportion of a person's lifetime
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TEXT-FIGURE 3.-Sales-weighted average tar delivery of U.S. filter and nonfilter cigarettes, 1957-76. ITC=Federal Trade Commission.
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TEXT·FIGURE 4.-Percent market share for low-tar cigarettes, 1967-76.

Alternative Strategies,

Although development of a less harmful cigarette
has apparently had some success in lowering the risk
of lung and larynx cancer, it must not be considered a
complete prescription for the prevention of these and
other tobacco-related diseases. Additional approaches
are needed, particularly preventive education of young
presmokers and cessation programs for current smokers.
At present, antismoking education is making little
headway with our youth. The number of boys who
begin smoking has remained constant over the last
decade, and the number of girls taking up the habit
has doubled (31). New approaches to health education
of the young are needed, such as the Know Your Body
(KYB) program initiated by our institute, whereby each
child is involved in health promotion programs (32,
33). Antismoking propaganda among adults has been
more successful for men than for women; among the

cigarette [(10,28-30); Hill P: Unpublished observations].
However, long-term epidemiologic studies, including

this one, have not shown differences between LTFS
and NFS, either among lung or larynx cancer patients
or controls, in either the number of cigarettes smoked
or subjective inhalation response (though the lung and
larynx cancer patients as a group invariably consumed
more cigarettes than did the controls) (6, 28). In this
study, adjustment for inhalation and butt length did
not bring about significant changes in risk estimates.

Objective comparisons of levels of nicotine, its major
metabolite cotinine, and carboxyhemoglobin in the
sera of long-term smokers are clearly needed and are
now in progress in our laboratory. They may help to
resolve this behavioral issue by determining whether
long-term compensation for a low-nicotine cigarette
might lead to greater tar consumption.
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spent smoking filter cigarettes, on the assumption that
a typical smoker began at age 20 and switched to filter
cigarettes in 1960 when these brands achieved wide­
spread popularity. About two-thirds of lung cancer
patients currently fall between ages 50 and 68 and, as
text-figure 5 indicates, could have used filter cigarettes
for no more than 50% of their total smoking years.
Considering that the average lung or larynx cancer
patient is between 56 and 60 years old and has smoked
cigarettes for an average of 40-50 years, the risk for
developing a smoking-related cancer today probably
depends on a history that included both old and new
types of cigarettes. The relative risks should be even
lower in the future among persons who will have
smoked filter cigarettes all their lives.

Changes in smoking behavior.-Because tar and
nicotine levels in cigarette smoke are strongly correlated
(10), the simultaneous reduction of these two compo­
nents might be compensated behaviorally by increased
exposure, e.g., deeper inhalation, more frequent puf­
fing, and leaving shorter butts. Some short-term studies
have demonstrated that all three methods can be used
by the same smoker to adjust to the new lower tar
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more educated groups of men a significant percentage
have been able to stop smoking on their own (9).
Smoking cessation clinics have also had some success
(34, 35). Nevertheless, more than 40 million adults con­
tinue to smoke in spite of all evidence presented to
them of its adverse effects. As long as society condones
smoking, young people will take up the habit, and
many adults will continue. Obviously, better anti­
smoking propaganda, improved smoking cessation pro­
grams, and development of even less harmful cigarettes
are needed.
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