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Abstract

Background—NSABP P-1 provides an opportunity to examine the association of behavioral
factors with prospectively monitored cancer incidence and interactions with tamoxifen.

Methods—From 1992-1997, 13,388 women with estimated 5-year breast cancer (BC) risk
greater than 1.66% or a history of lobular carcinoma in situ (87% under age 65; 67% post-
menopausal) were randomly assigned to tamoxifen versus placebo. Invasive BC, lung (LC), colon
(CC), and endometrial cancers (EC) were analyzed with Cox regression. Predictors were baseline
cigarette smoking, leisure-time physical activity, alcohol consumption, and established risk
factors.

Results—At median 7 years follow-up, we observed 395, 66, 35, and 74 BC, LC, CC, and EC,
respectively. Women who had smoked were at increased risk of BC (P=.007; hazard ratio
(HR)=1.3 for 15-35 years smoking, HR=1.6 for =35 years), LC (P<.001; HR=3.9 for 15-35 years;
HR=18.4 for =35 years), and CC (P<.001; HR=5.1 for =35 years) versus never-smokers. Low
activity predicted increased BC risk only among women assigned to placebo (P=.021 activity
main effect, P=.013 activity-treatment interaction; HR=1.4 for placebo group) and EC among all
women (P=.026, HR=1.7). Moderate alcohol (>0-1 drink/day) was associated with decreased risk
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of CC (P=.019; HR=.35) versus no alcohol. There were no other significant associations between
these behaviors and cancer risk.

Conclusion—Among women with elevated risk of BC, smoking has an even greater impact on
BC risk than observed in past studies in the general population.

Impact—Women who smoke or are inactive should be informed of the increased risk of multiple
types of cancer.
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Introduction

Cigarette smoking, physical activity, and alcohol consumption have been implicated in
previous studies as risk or protective factors for cancer at a number of organ sites. Cigarette
smoking, long known to increase the risk of lung cancer, is also associated with increased
risk of many other cancers including those of the colon and breast (1-10). There is an
inverse effect of cigarette smoking for endometrial cancer, especially among
postmenopausal overweight or obese women (due possibly to an anti-estrogenic effect of
smoking) (11-16). Physical activity appears to be a protective factor for many cancers (17—
21). Alcohol consumption has been associated with increased risks of breast, lung, and colon
cancer, among others (22—24). The evidence is stronger for some of these associations than
others, and the generalizability across populations varies as well.

The National Surgical Adjuvant Breast and Bowel Project (NSABP) Breast Cancer
Prevention Trial (BCPT, also known as P-1) tested the drug tamoxifen for the reduction of
the rate of breast cancer in high-risk women without a history of breast cancer. NSABP P-1
results indicated that a 5-year course of daily tamoxifen was associated with a 50%
reduction in the primary incidence of invasive breast cancer relative to a placebo (25). In
NSABP P-1, participants reported their baseline cigarette smoking history, leisure-time
physical activity, and alcohol consumption. NSABP P-1 provides an important opportunity
to examine the association of behavioral risk factors with prospectively monitored cancer
incidence in a cohort of women at high risk of breast cancer. In this primary report of
behavioral risk factors and cancer incidence in NSABP P-1, we examine the associations of
baseline cigarette smoking history, leisure-time physical activity, and alcohol consumption,
with the four most commonly occurring cancers among NSABP P-1 participants: invasive
cancer of the breast, lung, colon, and endometrium.

Materials and Methods

Participants

This is a secondary analysis of the NSABP P-1 database. NSABP P-1, which was funded by
the National Cancer Institute, was a double-blinded, placebo-controlled clinical trial that was
open for accrual at several hundred clinical centers throughout North America from June 1,
1992, through September 30, 1997. During this interval, 13,388 women were randomly
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assigned to receive either 20 mg/day of tamoxifen or placebo for a duration of five years
(25). The risk of breast cancer was estimated using the Gail model, which incorporates a
woman’s age at menarche, number of benign breast biopsies, histological diagnosis of
atypical hyperplasia, nulliparity or age at first live birth, and number of first-degree relatives
with breast cancer (26). Participants were required to have an estimated 5-year risk greater
than 1.66% or a history of lobular carcinoma in situ (LCIS). They must have discontinued
hormone use (hormone replacement or oral contraceptives) 3 months prior to enroliment.
Exclusion criteria included a history of cancer (other than basal or squamous cell carcinoma
of the skin or carcinoma in situ of the cervix) within the prior 10 years, or any history of
breast cancer other than LCIS. All participants provided informed consent, which was
approved by the Institutional Review Boards of all participating institutions.

Cancer surveillance

Measures

Participants underwent clinical examinations (including medical history since last visit,
height, weight, physical breast exam, complete blood count, platelet count, alkaline
phosphatase, calcium, liver functions, and renal tests) every 6 months, and gynecologic
examinations and mammograms annually. Documentation of all cancer events and all
hospitalizations was reviewed centrally to verify cancer diagnoses. After a first diagnosis of
cancer, surveillance continued, so that the first invasive event at each organ site was
reported independently.

A patient-reported instrument administered upon enrollment collected cigarette smoking
data (at least 100 cigarettes in lifetime, age of initiation, current smoking frequency and
intensity, past intensity, and age at quitting if a former smoker). The instrument also
provided descriptions of physical inactivity, and light, moderate, or vigorous physical
activity. Participants were asked to select one of these 4 levels to describe their activity
during their leisure time in the previous 12 months. Frequency and quantity (serving size
and number of servings consumed) of beer, wine, and liquor over the previous 12 months
were reported in separate items. Items were adapted from the Postmenopausal Estrogen/
Progestin Interventions (PEPI) Trial (27).

Statistical considerations

Separate multivariable Cox proportional hazards regression analyses were conducted for the
time from random assignment to the diagnosis of invasive cancer of the breast, lung, colon,
and endometrium. Time was censored at the date of last follow-up or date of death without
evidence of the particular cancer. We provide results for smoking duration, classified as
never, <15 years, 15-35 years, and =35 years [using cutoffs of 15 and 35 years based on an
example colon cancer prediction tool (28) and the PDQ Smoking in Cancer Care evidence
review published by the National Cancer Institute that found increased colorectal cancer risk
after 35 years of smoking]. Because there is not a consensus regarding the best measures of
cigarette smoking history (29), we provide results for candidate alternative measures in the
Appendix: smoking status at baseline (current, former, never); intensity (none, 0-1 pack per
day, or >1 pack per day);and additional candidate variables derived from duration, status,
and intensity. Physical activity was classified a priori as inactive/light versus moderate/
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heavy. The quantities of alcoholic beverages were first converted to a common unit “drink”
(12 0z. [355 ml] beer, 5 0z. [148 ml] wine, or 1.5 0z. [44 ml] spirits) and then added across
beer, wine, and liquor. Alcohol consumption was classified a priori as none, 1, or more than
1 drink/day, on average, distinguishing healthy or unhealthy consumption based on the 2005
U.S. Department of Agriculture recommendation that women who choose to drink limit
their consumption to up to 1 drink/day on average, following the approach used in a recent
publication (30). We fit one model for each cancer disease site, including smoking duration,
physical activity, alcohol consumption, and other candidate predictors that were selected a
priori based on existing literature on risk factors and primary cancer incidence. The
variables included in each disease site model are indicated in Table 1 (characteristics
column). Assigned treatment group, age (=65), participant-reported race/ethnicity,
menopausal status, and prior estrogen use were included as candidate predictors of risk for
the analysis of all of the organ sites of cancer being assessed. Other candidate predictors
included for analyses differed by cancer site being assessed. Estimated breast cancer risk
(Gail score analyzed as a continuous variable) and diabetes were also included for the
analysis of breast cancer incidence. Family cancer history and personal history of
tuberculosis were included for the analysis of lung cancer. For the analysis of colon cancer,
family cancer history and current aspirin use were included. Age at menarche, number of
past pregnancies, family cancer history, and diabetes were included for the analysis of
endometrial cancer. Pre-treatment values were used for all explanatory variables. Stepwise
selection determined the medical/demographic factors to include in the final model for each
organ site. Candidate interactions tested were: two- and three-way interactions between
treatment group, smoking, and menstrual status. In the model for breast cancer, we also
tested whether the effect of tamoxifen on breast cancer incidence was modified by alcohol
consumption or physical activity at the time of random assignment. The significance of
explanatory variables was tested at two-sided alpha level 0.05.

Height and weight were also measured at each follow-up, from which we computed body
mass index (BMI). However, BMI is not a focus of the present report, as it has been
examined in detail as a predictor of breast cancer separately (31). Overweight/obesity has
also been identified in previous literature as a risk factor for endometrial cancers. However,
it may be on the same causal pathway as physical activity, and we were interested in
physical activity as a factor in cancer prevention, whether or not it acts through obesity
reduction. Therefore, our primary analyses did not adjust for overweight/obesity. (For
further discussion of this issue, see Moore et al (32)). Secondary analyses were performed to
examine whether findings for physical activity were independent of being overweight/obese.
In the model for endometrial cancer that accounted for being overweight/obese, we tested
two and three-way interactions between being overweight/obese, menopausal status, and
smoking duration.

Computations were performed in SAS 9.2 (Cary, NC).

Of 13,388 enrolled participants, clinical follow-up was available for 13,208 (98.7%). Forty-
seven participants (<1%) withdrew from study before starting therapy; 95 (<1%) withdrew
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from study after starting therapy; and 38 (<1%) were without follow-up for other reasons.
The present report is based on a cut-off of 7 years of follow-up, in keeping with the most
recent update of breast cancer incidence (33). Participants’ mean age was 54; 8,939 (67%)
were post-menopausal. (See Table 1.) During follow-up, invasive cancers of the breast, lung,
colon, and endometrium were reported for 395, 66, 35, and 74 women, respectively. Very
few women had more than one cancer of these sites: 1 had both colon and breast; 3 had
endometrial and breast cancers.

Cigarette smoking

There were 7,335 participants (54.8%) who had never smoked cigarettes or reported
smoking 0 years; 1,664 (12.4%) former or current smokers who smoked >0 to 15 years;
3,314 (24.8%) who smoked 15-35 years; and 1,011 (7.6%) who smoked at least 35 years.
Smoking duration was unknown for 64 women. In the multivariable model (accounting for
treatment, alcohol consumption, leisure time physical activity, and major risk factors),
smoking duration was associated with an increased risk of breast cancer (P=.007;
multivariable hazard ratio [HR]=1.34, 95% confidence interval [CI] 1.06-1.69 for women
who had smoked 15-35 years and HR=1.58, ClI 1.11-2.26 for women who smoked at least
35 years, both as compared with never smokers). (See Appendix Table Al and Figures 1 and
2.) Smoking duration was also associated with an increased risk of lung cancer (p<.001;
HR=3.89, CI 1.88-8.06 for women who smoked 15-35 years and HR=18.45, Cl 9.35-36.41
for women who smoked for =35 years, as compared with never smokers; see Appendix
Table Al and Figure 2). The multivariable association of cigarette smoking with colon
cancer was significant (p<.001), but was evident only for women who smoked =35 years
(HR=5.11, 2.30-11.37; see Appendix Table Al and Figure 1b). Smoking duration was not
significantly associated with the risk of endometrial cancer (P=.25; see Appendix Table Al
and Figure 2). There was no significant two- or three-way interaction between tamoxifen
assignment, smoking duration, and menstrual status in the full multivariable analyses of
breast, colon, lung, or endometrial cancers. The interaction between treatment assignment
and smoking status in the analysis of breast cancer was also non-significant (P=0.56, see
Appendix). In the secondary analysis for endometrial cancer that accounted for overweight/
obesity, there were no significant two or three-way interactions between overweight/obesity,
menopausal status, and smoking duration. (Data not shown.) Analyses with alternative
measures of smoking status and history are provided in the Appendix. Of note, smoking
status at baseline did not significantly predict breast cancer risk (p=.074).

Leisure-time physical activity

7212 women (53.9%) reported that they typically engaged in low levels of leisure-time
physical activity or were inactive. In the multivariable model that accounted for treatment,
alcohol consumption, smoking duration, and major risk factors, less active women were at
significantly greater risk of breast cancer (main effect P=.021), and there was a significant
interaction between physical activity and treatment (P=.013). Specifically, low/no activity
was associated with a physical activity (PA) hazard ratio HRpa=1.35, Cl 1.05-1.75 for
women assigned to placebo, as compared with more active women; but for women assigned
to tamoxifen, HRpa was non-significant (HRpa=0.80, CI1 0.58-1.11). The effect of
tamoxifen on breast cancer risk was stronger in less active women (HRtanm=0.45, CI 0.34-
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0.59) than in more active women (HRtam=0.75, CI 0.56-1.02). The risks of lung and colon
cancers were not associated with activity (P=.4, HR=0.8; P=.8, HR=0.9, for lung and colon,
respectively). Women with low/no physical activity were at a 70% greater risk of
endometrial cancer (P=.026; HR=1.73, CI 1.07-2.80). (See Figure 3.) Significant findings
were re-tested in secondary analyses that accounted for overweight/obesity (BMI>25).
Results for breast cancer were essentially unchanged (data not shown). Results for physical
activity and endometrial cancer, that accounted for overweight/obesity, were suggestive
(HR=1.58, CI 0.97-2.57, P=.068).

Alcohol consumption

The majority of women (8822, 65.9%) drank in moderation (on average >0 to 1 alcoholic
drinks per day); 1724 (12.9%) drank more; and 2787 (20.8%) did not drink. In the
multivariable models that accounted for treatment, smoking duration, leisure time physical
activity, and major risk factors, the risk of breast, lung, and endometrial cancer was not
significantly different among alcohol consumption groups (P=.49, .15, .17, respectively; see
Figure 4). The interaction between tamoxifen assignment and alcohol consumption in the
analysis of breast cancer was not statistically significant. The risk of colon cancer was
significantly different (P=.019), with lower risk for women who drank in moderation
(HR=0.35, CI 0.17-0.73) versus non-drinkers. Women who drank more heavily did not have
an increased risk of colon cancer (HR=0.61, ClI 0.23-1.63) relative to non-drinkers.
Exploratory analyses compared the risk of breast and colon cancer across higher levels of
alcohol consumption (>3 drinks/day) to non-drinkers. Results were non-significant, and
estimated HRs were <1. (Data not shown.)

Discussion

Our understanding of the associations between smoking and the risk of breast cancer has
evolved considerably in the past decade. There has been considerable research on this topic
for decades, but earlier research had produced equivocal or null results,(34-35) and in 2004
the U.S. Surgeon General concluded that evidence suggested no causal relationship between
active smoking and breast cancer (16). However, evidence has emerged from studies over
the past decade, (2, 36-40) and by 2009 a Canadian expert panel concluded that the
relationship between active smoking and breast cancer was consistent with causality (41).
Since 2011, additional evidence of association has been reported from three large cohort
studies. The Women’s Health Initiative reported increased breast cancer rates in their
population of post-menopausal women although the effect sizes were modest (multivariable
HR=1.09, C1 0.97-1.22 for women who smoked 20-29 years and HR=1.21, CI 1.07-1.36
for women who smoked 30-39 years versus never smokers) (3). The Nurses’ Health Study
also reported higher breast cancer incidence rates with ever smoking and with longer
duration of smoking among their population of pre- and post-menopausal women, but the
effect sizes and significance levels were again modest (multivariable HR=1.07, CI 1.00-1.14
for women who smoked 20-39 years versus never smokers) (4). The American Cancer
Society Cancer Prevention Study Il reported HR=1.26, ClI 1.00-1.58 for women who
smoked 1-40 years (9). Based on literature published through October 2012, the U.S.
Surgeon General concluded that evidence was “sufficient to identify mechanisms by which
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cigarette smoking may cause breast cancer,” but that evidence was “suggestive but not
sufficient to infer a causal relationship between active smoking and breast cancer” (10). The
present NSABP P-1 analysis found larger effects for smoking duration than had been seen in
those previous studies (e.g., HR=1.34, ClI 1.06-1.69 for women who had smoked 15-35
years). We also note that women who were current smokers at baseline in P-1 had a higher
estimated risk of breast cancer than never-smokers (HR=1.32, Cl .98-1.78), as did former
smokers (HR=1.24, Cl .99-1.54) although smoking status was not statistically significant
(p=.074). Among participants assigned to placebo, the HR was 1.2 (Cl 0.8-1.7) for current
versus never smokers, and the HR was 1.3 (Cl 1.0-1.7) for former versus never smokers.
(See Appendix.) These estimates are larger than comparators 1.12 and 1.09 estimated in a
recent meta-analysis (9). This might indicate that smoking had an even greater impact on
risk of breast cancer among women in NSABP P-1 than in other studies, perhaps because
women in NSABP P-1 were already at an elevated risk of breast cancer due to family history
and other factors. For women assigned to tamoxifen, an increased hazard of breast cancer
associated with smoking might partly be explained by the decrease in adherence to
tamoxifen that was observed among current smokers in P-1 (30).

The evidence for smoking as a risk factor for colon cancer had been inconsistent until
recently. A study that examined colon and rectal cancers separately in women found that the
risk is largely that of rectal rather than colon cancer (42). A meta-analysis in 2008
demonstrated a pooled relative risk (RR) of colorectal cancers of RR=1.18, Cl 1.11-1.25,
for ever-smokers versus never-smokers. As in the present report, that analysis of cumulative
exposure found a significant association only for long-term smoking (more than 30 years)
(5). The International Agency for Research on Cancer (IARC) has concluded that tobacco
smoking is a cause of colon cancer (43). In contrast to the other three cancers examined,
smoking may be associated with a decreased risk of endometrial cancer, though our results
were not confirmatory in that regard (14).

One strength of NSABP P-1 was the relatively detailed cigarette smoking history
assessment. These data permitted analyses using several alternative variables to capture
smoking exposure (see Appendix). A shortcoming of P-1, typical of trials in cancer
prevention and treatment, is that follow-up tobacco use data were not collected. The
increasing evidence of the clinical impact of tobacco use on cancer prevention and prognosis
across a range of disease sites warrants more widespread assessment in clinical trials than
has typically been conducted (10, 29, 44-47). Biochemical validation of smoking status was
not conducted in P-1. Validation may not be feasible in many trials, but concern exists that
smokers may under-represent their tobacco use, particularly in the setting of cancer care
delivery (48). Such under-reporting would reduce statistical power to detect associations
with tobacco use. Our analysis of breast cancer incidence does not provide evidence of
interactions between tamoxifen assignment and smoking; that is, the results do not confirm
that tamoxifen is less effective in women who are current smokers or who have more past
smoking exposure. The estimated hazard ratios, however, are consistent with a possible
modest interaction.

The U.S. Department of Health and Human Services (DHHS) Physical Activity Guidelines
Committee concluded that active women have a reduced risk of breast and colon cancer, and

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 May 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Land et al.

Page 8

may also have a reduced risk of lung cancer (49). However, the associations were complex.
For example, some of the studies they reviewed had reported that the association between
physical activity and breast cancer risk is weaker in women with a family history of breast
cancer. We found that leisure-time physical activity was associated with decreased risk of
breast cancer, but that this association was limited to women assigned to placebo. That
interaction between treatment and physical activity would need to be replicated in other
studies. We did not detect significant increases in risk of colon or lung cancer with low
physical activity. Our results might differ from the DHHS report due to the limitations of
our data: physical activity was self-reported, using broad measures, reported only at
baseline, and was most often at levels that may have been below the thresholds that past
studies have found associated with improvement in cancer risk (see the “Physical Activity
and Cancer Factsheet” on www.cancer.gov). We did confirm a previously reported
protective effect of physical activity on endometrial cancer. That association seems to be
partly mediated by obesity because when obesity was included in the model, the significance
of physical activity was diminished.

Past studies have indicated an increased risk of breast and colon cancer with heavy alcohol
consumption (50-51). With respect to breast cancer, a reanalysis of data from 53
epidemiological studies found elevated risk among women who drank 3 to 3.5 drinks per
day (RR=1.32, Cl 1.19-1.45) or more (RR=1.46, Cl 1.33-1.61) versus non-drinkers (35). A
review found that the increase in risk was for hormone receptor-positive, and not for
hormone receptor-negative, breast cancers (52). IARC concluded that there was sufficient
evidence that alcohol was causally related to female breast cancer (51). A recent meta-
analysis found an increased risk even for women classified as light drinkers (up to 1 drink
per day) versus non-drinkers, but the increase was small (pooled RR=1.03, CI 1.00-1.07
adjusted for major risk factors) (50). A large cohort study also reported increased risk for
moderate levels of alcohol drinking (RR=1.15, ClI 1.06-1.24 for women who drank roughly
1/3-2/3 drinks per day) (53). With respect to colon cancer, a pooled analysis of 8 cohort
studies in the U.S. and Europe demonstrated a RR of 1.45 for colon cancer among people
who consumed at least 3 drinks per day on average (54). However, the same study found a
slight decrease in risk of colon cancer that almost reached statistical significance (RR=0.92,
Cl 0.84-1.01) among the lightest drinkers (0 — 5 grams of alcohol per day, or roughly one-
third of one drink) relative to non-drinkers. A European cohort study found significantly
increased risk of colon cancer only at levels of alcohol consumption above 4 drinks per day,
and no increased risk of colon cancer with modest drinking (55). Our results for alcohol
consumption show decreased risk for all four cancer sites, with significant decreases only
for colon cancer. NSABP P-1 included few women who reported drinking at very high
levels (129 and 94 women who drank 3-4, or more than 4 drinks per day, respectively).
Furthermore, women classified as drinking up to one drink per day actually drank very
modestly, with a median of 0.13 drinks per day. Therefore, our data do not necessarily
constitute evidence against past studies, which found increased risk at high levels of alcohol
consumption and either no increase or small increases in risk among those who drink in
moderation.

Differences between results from NSABP P-1 and other studies may be due to the
systematic prospective detection of cancers at all organ sites, to the unique population in
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NSABP P-1, or to statistical variation. Our findings must be interpreted within the context of
the special characteristics of the women who volunteered for this clinical trial in the early
1990s. Women in NSABP P-1 differed from the general population by definition, having
been selected based on their elevated risk of breast cancer. They had to perceive themselves
as being at very high risk for breast cancer to consider enrolling in what was portrayed as a
risky study, in which healthy women were taking a drug used for the treatment of cancer.
Second, if a woman considered herself at high risk for breast cancer and was willing to enter
this clinical trial, she had to accept the 50% chance that she would be given a placebo.
Third, the demographic characteristics of the women who volunteered reflected a higher
socioeconomic status and highly educated population, typically less likely to have unhealthy
behaviors. For example, they were less likely to smoke cigarettes than women of a
comparable age during the 1990’s. In the 1992 National Health Interview Survey (NHIS), of
adult women age >65, 12.9% reported smoking cigarettes either every day or some days; of
women age >65 enrolling in NSABP P-1 in the same year, only 6.4% were current smokers
(56). For women aged 45-64, the rates were 26.5% in the NHIS versus 13.3% in NSABP
P-1. And, as noted above, participants were not heavy alcohol consumers. Thus, conclusions
that we make about behaviors and their influence on cancer risk should be interpreted in the
context of this unique population. In addition, a strength of our analysis is that we included
the major known risk factors for each cancer in the multivariable models, which may not
have been possible in some prior research.

These new findings contribute to the growing evidence base and provide a richer
understanding of the complex impact of risk behaviors of cigarette smoking, alcohol
consumption, and physical activity on primary cancer incidence. Our findings indicate that
women who are at elevated risk of breast cancer, due to family history or other risk factors
used for NSABP P-1 eligibility, should have their smoking status and physical activity
assessed by their health care providers. Results indicated higher risks of breast, lung, and
colon cancers with higher intensity and/or duration of smoking, and with lower baseline
leisure-time physical activity, which suggests that smoking cessation and an increase in
physical activity may provide a reduction in risk. Our study therefore provides further
support that smoking cessation and regular physical activity are important means to reduce
cancer risk. Those who smoke or are inactive, should be informed, encouraged, and assisted
in behavioral change to reduce the risk of cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Kaplan-Meier graph of the time to breast cancer event (a) or colon cancer (b), grouped according to smoking duration. P-values
are based on multivariable Cox regression analysis.
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Figure 2.

Hazard ratios and 95% confidence intervals for the association of cigarette smoking history with time to invasive cancer of the
breast, lung, colon, and endometrium.
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Hazard ratios and 95% confidence intervals for the association of physical activity with time to invasive cancer of the breast,
lung, colon, and endometrium.
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Hazard ratios and 95% confidence intervals for the association of alcohol consumption with time to invasive cancer of the

breast, lung, colon, and endometrium.
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