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Introduction

Abstract

We examined the effect of smoking on long-term mortality from breast cancer
and other causes among a cohort of women with breast cancer. A total of 975
women diagnosed with breast cancer and aged 40-84 years were followed for a
median follow-up of 11 years in the U.S. Health and Functioning in Women
(HFW) study. The impact of the individual smoking status and smoking inten-
sity reported in the first few months following breast cancer diagnosis on the
risk of mortality from breast cancer and other causes was examined using Cox
proportional hazards models. In this study, former smoking was associated with
increased risk of other-cause mortality (hazard ratio [HR] = 1.47, 95% confi-
dence interval [CI]: 1.13-1.90), and the risk doubled with increased intensity
(HR for <50 pack-years [py]: 1.36, 95% CI: 1.03—-1.79; HR for >50 py: 2.45,
95% CI: 1.41-4.23). Current smoking (HR = 2.45, 95% CI: 1.81-3.32) and each
additional 10 py smoked (HR = 1.16, 95% CI: 1.11-1.22) were associated with
statistically significant increases in the risk of other-cause mortality. The effect
of current smoking on other-cause mortality decreased with advancing stage
and increasing body mass index (BMI). Breast cancer-specific mortality was
associated with current smoking of >50 py (HR = 2.36, 95% CI: 1.26—4.44),
and each additional 10 py smoked (HR = 1.07, 95% CI: 1.01-1. 14). Current
smoking, but not former smoking, was associated with increased risk of breast
cancer-specific mortality in women with local disease (HR = 2.32, 95% CI:
1.32-4.09), but not in those with regional and distant disease (HR = 1.10, 95%
CI: 0.73-1.68). Our findings suggest that current smoking at the time of breast
cancer diagnosis may be associated with increased risk of breast-cancer specific
and other-cause mortality, whereas former smoking is associated with increased
risk of other-cause mortality. Smoking cessation at the time of diagnosis may
lead to better prognosis among women with breast cancer.

increased risk of developing metastasis to the lung [1, 4].
It is therefore plausible that smoking could increase the

The identification of modifiable lifestyle factors that may
improve survival is of interest to women diagnosed with
breast cancer, as well as their caregivers. A mouse model
of mammary cancer-linked cigarette smoke exposure to
an increase in the total pulmonary metastatic burden [1],
and epidemiologic studies have linked smoking among
breast cancer survivors to adverse prognostic factors, such
as more and larger lymph node metastasis [2, 3] and

risk of breast cancer death. Smoking has been associated
with higher mortality following diagnosis of breast [5, 6],
prostate [7, 8], colorectal [9], and vulvar [10] cancers, as
well as leukemia [11] and malignant melanoma [12]. Yet,
the association of smoking with breast cancer-specific
mortality appears equivocal [6, 13—18]. The majority of
studies of smoking and breast cancer survival have used
crude measures of smoking history, such as never, former,
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and current smoking [6, 13, 15, 17-19] or ever and never
smoking [14]. Two studies additionally evaluated the
number of cigarettes smoked per day among current
smokers [6, 14], and one of these also considered the
number of years smoked and the age at which respon-
dents started smoking [14]. A third study additionally
considered the number of pack-years (py) smoked [17].
To date, the associations between measures of smoking
exposure length, intensity, and smoking cessation with
breast cancer-specific mortality have not been evaluated.

Based on epidemiological and biological evidence that
smoking may influence breast cancer progression, we
hypothesized that smoking would be associated with both
increased risk of death from breast cancer, as well as
death from other causes in our prospective study of 975
African—American and white breast cancer survivors from
the Health and Functioning in Women (HFW) study
[20]. Comprehensive measures of smoking history, a wide
age range, the inclusion of both African—American and
white women and a maximum follow-up of 28 years
make this cohort particularly suitable for examining the
long-term effects of smoking while taking into account a
wide range of clinical, lifestyle-related, and socio-demo-
graphic prognostic factors. Since smoking can disrupt
hormonal metabolism, the effect of smoking might differ
by body mass index (BMI). Furthermore, although smok-
ing has been associated with adverse prognostic factors,
such as more and larger lymph node metastasis [2, 3]
and increased risk of developing metastasis to the lung
[1, 4], the extent to which disease severity affects the
impact of smoking on mortality is not well understood.
Therefore, we also examined the extent to which the
impact of smoking on mortality differed as a function of
tumor stage and BMIL.

Methods

Study population

The HFW study used in the present analysis has been
described previously [20, 21]. Briefly, the HFW study was
established in 1984 in the Detroit metropolitan area to
assess the health, functional and psychosocial status of
women following breast cancer diagnosis. A total of 1011
eligible participants aged 40-84 with newly diagnosed, his-
tologically confirmed, primary invasive breast cancer identi-
fied through the Metropolitan Detroit Cancer Surveillance
System (MDCSS) at the Michigan Cancer Foundation, now
the Barbara Ann Karmanos Cancer Institute, within
4 weeks of diagnosis and were interviewed in two cohorts.
The registry data were over 90% complete. The first cohort
consisted of 571 participants aged 55-84, who were identi-
fied over a 7-month period between 1984 and 1985; of
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these, 463 (81.1%) were successfully interviewed between 2
and 4 months following diagnosis. A second cohort of 620
eligible cases, aged 40-54 and 7484, was identified over a
7-month period between 1987 and 1988; 548 (88.4%) of
these participants were successfully interviewed between 2
and 4 months after diagnosis, henceforth referred to as the
baseline interview. All participants were interviewed a sec-
ond time approximately 9 months after the first interview.
The two cohorts were combined, and 975 women, for
whom complete data were available on smoking and breast
cancer staging, were included in this analysis.

Smoking assessment

Smoking status was determined from the baseline ques-
tionnaire after breast cancer diagnosis. The questionnaire
asked whether the respondent ever smoked cigarettes
daily. Never smokers were women who answered “no” to
this question. Women were also asked if they smoked at
the time of the interview. Respondents that answered
“yes” to this question were considered current smokers.
Women that answered “yes” to ever having smoked and
“no” to the current smoking question were considered
former smokers. Smoking status, one of the exposures we
considered, was created as a three-level variable indicating
whether the respondent was a never/former/or current
smoker. Additionally, current and former smokers were
asked whether, when they smoked daily, they smoked less
than 0.5 packs (1 pack = 20 cigarettes), 0.5 packs, 1 pack,
1.5 packs, or two packs or more a day and the total num-
ber of years during which they smoked. The number of
py was computed as the product of the packs per day
and the number of years smoked. The number of pack-
years was used as a continuous predictor in the models.
Effect estimates were reported in terms of 10 py incre-
ments. The number of “less than 0.5 packs per day” was
treated as 0.5 packs, and two packs or more were conser-
vatively counted as two packs. A third exposure combined
the number of pack-years and smoking status into a five-
level categorical predictor of both longevity and intensity
of smoking (never smoked, former smoker having
smoked <50 py, former smoker having smoked >50 py,
current smoker having smoked <50 py, and current smo-
ker having smoked >50 py), because this measure was
shown to predict mortality in middle-aged women of the
general population [22]. In sensitivity analyses, instead of
50 py, a 20 py cutoff was used to define exposure catego-
ries. Results from these analyses are provided in Table S1.

Covariates

The covariates used in this analysis were socio-demo-
graphic, lifestyle-related, and clinical prognostic factors
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that, based on the existing literature and a priori
reasoning, could potentially confound associations
between smoking and mortality outcomes. Age at diagno-
sis, breast cancer stage, breast cancer treatment, tumor
size, and node involvement were obtained from the
MDCSS file, while other variables were obtained from
interviews. In analyses, age was used as a continuous vari-
able. Race was coded as either African-American or
white. Years of education were recoded into four catego-
ries: less than high-school, high-school, college and grad-
uate. The data set included a binary indicator of financial
adequacy (0 for adequate and 1 for inadequate) that was
based on self-reported current financial resources and
whether they met the participant’s needs [21]. BMI was
calculated as weight in kilograms/height in meters
squared, or kg/m?, from self-reported weight and height
at the baseline interview and used as the continuous vari-
able in multivariate models. A comorbidity index was
constructed as the number of previously diagnosed condi-
tions reported by the respondents at the baseline inter-
view from a list of 23 conditions that included diabetes,
hypertension, stroke, heart disease, gastrointestinal dis-
ease, liver conditions, and primary cancers other than
breast cancer, which, according to the respondents, cur-
rently caused some limitations in their activities [21].

Stage of breast cancer at diagnosis was coded as local,
regional, or remote. In addition to information on sur-
gery (no surgery, partial mastectomy, or modified radical
mastectomy) and type of adjuvant therapy (radiation or
chemotherapy) provided by the MDCSS files, physicians
completed a supplementary survey regarding chemother-
apy and hormonal therapy administered on an outpatient
basis. Data from the two sources were combined to create
a two-level treatment variable (no surgery or partial mas-
tectomy and modified radical mastectomy). The log of
the tumor size in millimeters was centered on its mean
and used as a continuous variable. The number of posi-
tive lymph nodes involved was recoded into a three-level
variable (0 nodes, 1-3 nodes and >4 nodes).

Endpoint ascertainment

Participants were followed until last contact, death or April,
2012, whichever occurred first. Date and cause of death,
classified by the International Classification of Diseases
(ICD) codes version 9, were identified through annual vital
status surveillance of all patients in the registry, conducted
by MDCSS [23]. ICD codes 174.0-174.9 represented breast
cancer deaths, and other ICD codes represented death from
causes other than breast cancer, referred to henceforward
as other-cause mortality. Vital status assessment was com-
plete for all participants, and the cause of death was avail-
able for all participants that died.
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Statistical analysis

Differences between continuous variables were assessed
using the Student’s ¢-test, and between categorical variables
were assessed by Pearson y* or by Fisher’s exact test when
counts were small. Differences in sample medians were
assessed using the Wilcoxon Rank Sum test. Kaplan—-Meier
plots were used to examine the association between smok-
ing and mortality. Cox proportional hazards models strati-
fied by age at breast cancer diagnosis with time since
diagnosis as the time scale were employed to estimate the
association between smoking and other-cause and breast
cancer mortality [24]. Risk was expressed as a hazard ratio
(HR) and 95% confidence interval (CI). The proportional-
ity of hazards assumption was assessed using Schoenfeld
residuals [25]. These tests revealed no significant depar-
tures from proportionality. For analyses involving death
from breast cancer, participants who died from other
causes were censored at the time of their death and vice
versa. Comorbidity, treatment, tumor stage, tumor size,
node involvement, race, BMI, financial adequacy, educa-
tion, smoking status and period of study entry were consid-
ered as potential confounders in all multivariate analyses.
To evaluate effect modification, we conducted analyses sep-
arately for subgroups defined by BMI (<25, 25-30, >30) at
the baseline interview and stage of breast cancer (local,
regional or distant) at diagnosis. We combined women in
the regional and distant categories due to the small number
of respondents with distant disease (n = 55). The type I
error was set at 0.05, and all reported P-values are two-
sided. Analyses were conducted in SAS version 9.2 (SAS
Institute, Cary, NC) and R version 2.15.

Results

The distributions of selected demographic and clinical
characteristics of the study population, overall and by
smoking status, are presented in Table 1. The mean age
at the time of breast cancer diagnosis was 63 years (SD
[standard deviation] = 12.4). On average, current and
former smokers were younger than never smokers
(P <0.0001). Overall, the median follow-up time was
11.0 years (interquartile range [IQ]: 4.5-22.4 years). The
median follow-up was significantly shorter for current
smokers than former and never smokers (12, 11, and
6 years for never smokers, former smokers >50 py, and
current smokers >50 py, respectively; P = 0.004). There
were statistically significant differences in BMI by smok-
ing status. Mean BMI was 26.2 (SD =4.7), 285
(SD = 5.0), and 24.8 (SD = 5.6) kg/rn2 among never, for-
mer >50 py and current smokers >50 py, respectively
(P = 0.004). Never and former smokers tended to be
more educated than current smokers (P = 0.004). Breast
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cancer staging did not differ by smoking status. The
majority of women had localized (53.6%) and regional
(40.7%) disease. Only 5.6% of the group had remote dis-
ease. Treatment also did not vary significantly by smoking
status: 78% of women were treated with modified radical
mastectomy; 20% were treated with partial mastectomy;
and only 2% received nonsurgical treatment. Of note,
among women that died during the follow-up, current
and former smokers were proportionately more likely to
die from breast cancer compared to never smokers.
Approximately 46% of former and current smoker deaths
were due to breast cancer compared to 39% of deaths
among the never smokers. Tumor size, lymph node
involvement, and the number of comorbidities did not
vary significantly by smoking status.

Breast cancer mortality

Kaplan—Meier plots of breast cancer-specific survival by
smoking status indicate markedly shorter survival for cur-
rent smokers of more than 50 py and similar survival
among the remaining groups (Fig. 1B). In univariate and
covariate-adjusted analyses alike, we found no evidence of
an association between smoking status and breast cancer-
specific mortality (Table 2). In analyses of smoking inten-
sity, current smoking of >50 py was associated with a
twofold increase in the risk of breast cancer-specific mor-
tality in covariate-adjusted models (HR = 2.36, 95% CI:
1.26-4.44). In sensitivity analyses, current smoking of
more than >20 py was also associated with a statistically
significant increase in the risk of breast cancer-specific
mortality (HR = 1.57, 95% CI: 1.10-2.25, Table S1). Each
additional 10 py smoked was associated with a modest,
but statistically significant increase in breast-specific mor-
tality in covariate-adjusted models (HR = 1.07, 95% CI:
1.01-1.14). While the effect of smoking on breast cancer
mortality did not vary significantly across strata defined
by BMI (Table 3), we found that among women with
localized breast cancer, current smoking was associated
with an approximately twofold increased risk of breast
cancer death (HR = 2.32; 95% CI: 1.32-4.09) compared
to never smoking in covariate-adjusted models. Current
and former smoking were not associated with breast can-
cer-specific mortality in women with regional and distant
breast cancer stage at the time of diagnosis.

Mortality from causes other than breast
cancer

Kaplan—Meier plots of other-cause survival indicate
decreasing survival by increasing smoking intensity
(Fig. 1A), with current smokers of >50 py having
markedly shorter survival than the remaining groups,

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Figure 1. (A) Kaplan—Meier estimates of other-cause survival by
smoking category. (B) Kaplan-Meier estimates of breast cancer-
specific survival by smoking category.

throughout the follow-up. After the initial 10 years of fol-
low-up, former smokers of less than 50 py experienced
better survival then current and never smokers. Results
from unadjusted and covariate-adjusted analyses are pre-
sented in Table 2. Former and current smoking were
associated with increased risk of other-cause mortality in
univariate and covariate-adjusted models alike. The risk
was higher among current smokers, with covariate-
adjusted HR of 1.47 (95% CI: 1.13-1.90) and 2.45 (95%
CIL: 1.81-3.32) for former and current smoking, respec-
tively. The risk doubled with increasing intensity among
former smokers, with covariate-adjusted HR of 2.45 (95%
CI: 1.41-4.23) and 1.36 (95% CI: 1.03-1.79) for those
having smoked more than 50 py and less than 50 py,
respectively. Intensity did not greatly affect risk among
current smokers, with covariate-adjusted HR of 2.55
(95% CI: 1.41-4.62) and 2.44 (95%CI: 1.75-3.39) for
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Table 2. Hazard ratios (and 95% confidence intervals) of smoking for mortality.

Other-cause mortality (no. deaths = 436) Breast cancer mortality (no. deaths = 317)
Unadjusted HR Adjusted HR Unadjusted HR Adjusted HR

Exposure N Deaths (95% Cl) (95% Cl) Deaths (95% ClI) (95% Cl)
Smoking status

Never smoker 494 238 1 1 151 1 1

Former smoker 286 112 1.42 (1.10, 1.83) 1.47 (1.13, 1.90) 94 1.06 (0.81, 1.40) 0.94 (0.70, 1.26)

Current smoker 195 86 2.51(1.87, 3.37) 2.45(1.81, 3.32) 72 1.33(0.98, 1.80) 1.38 (0.99, 1.91)
Smoking status and intensity

Never smoker 494 238 1 1 151 1 1

Former smoker, <50 py 251 95 1.32 (1.01, 1.73) 1.36 (1.03, 1.79) 84 1.08 (0.81, 1.43) 0.93 (0.69, 1.26)

Former smoker, >50 py 35 17 2.26 (1.33, 3.84) 2.45 (1.41, 4.23) 10 0.91 (0.47, 1.75) 0.91 (0.46, 1.81)

Current smoker, <50 py 164 70 2.54 (1.85, 3.50) 2.44 (1.75, 3.39) 59 1.22 (0.88, 1.69) 1.24 (0.87, 1.76)

Current smoker, >50 py 31 16 2.43 (1.36, 4.33) 2.55(1.41, 4.62) 13 2.11(1.15, 3.89) 2.36 (1.26, 4.44)
10 Pack-years 975 436 1.15(1.10, 1.21) 1.16 (1.11, 1.22) 317 1.07 (1.01, 1.13) 1.07 (1.01, 1.14)

Unadjusted models were stratified by age at breast cancer diagnosis. Multivariate models were additionally adjusted for breast cancer treatment,
race/ethnicity, body mass index, financial adequacy, education, positive lymph node involvement, tumor size at diagnosis, comorbidity, and period
of study entry. py, pack-years.

Table 3. Hazard ratios (and 95% confidence intervals) of smoking status for mortality stratified by tumor stage and body mass index (BMI).

Other-cause mortality (no. deaths = 436) Breast cancer mortality (no. deaths = 317)
Unadjusted HR Adjusted HR Unadjusted HR Adjusted HR
N Deaths (95% Cl) (95% Cl) Deaths (95% ClI) (95% ClI)
Stage of breast cancer at diagnosis’
Local
Never smoker 278 157 1 1 42 1 1
Former smoker 146 67 1.26 (0.90, 1.75) 1.30 (0.92, 1.83) 25 1.04 (0.61, 1.75) 0.90 (0.52, 1.56)
Current smoker 99 50 3.33(2.24, 4.95) 3.18 (2.11, 4.81) 26 1.82 (1.07, 3.11) 2.32 (1.32, 4.09)
Regional and distant
Never smoker 216 81 1 1 109 1 1
Former smoker 140 45 1.99 (1.22, 3.27) 1.91 (1.14, 3.19) 69 0.94 (0.66, 1.33) 0.91 (0.64, 1.31)
Current smoker 96 36 1.88 (1.10, 3.21) 1.87 (1.06, 3.30) 46 1.01 (0.67, 1.50) 1.10 (0.73, 1.68)
Body mass index at baseline, (kg/m?)?
<25
Never smoker 224 110 1 1 55 1 1
Former smoker 119 51 1.60 (1.07, 2.39) 1.59 (1.03, 2.45) 36 1.31 (0.82, 2.08) 1.18 (0.72, 1.95)
Current smoker 11 49 2.58 (1.61, 4.14) 2.83(1.71, 4.68) 37 1.56 (0.96, 2.56) 1.34(0.78, 2.29)
25-30
Never smoker 177 87 1 1 61 1 1
Former smoker 98 39 1.42 (1.10, 1.83) 1.46 (1.13, 1.90) 30 1.06 (0.81, 1.40) 0.95 (0.71, 1.28)
Current smoker 48 22 2.51(1.87, 3.37) 2.49 (1.84, 3.36) 18 1.33(0.98, 1.80) 1.31 (0.95, 1.80)
>30
Never smoker 93 41 1 1 35 1 1
Former smoker 69 22 1.70 (0.82, 3.54) — 28 1.25 (0.66, 2.36) 0.90 (0.41, 1.97)
Current smoker 36 15 2.28 (0.90, 5.78) — 17 2.13(0.99, 4.55) 2.09 (0.86, 5.08)

Unadjusted models were stratified by age at breast cancer diagnosis. Multivariate models were additionally adjusted for breast cancer treatment,
race/ethnicity, financial adequacy, education, positive lymph node involvement, tumor size at diagnosis, comorbidity, and period of study entry.
—, Could not be estimated due to a small number of cases.

"Models additionally adjusted for body mass index.

“Models additionally adjusted for stage at diagnosis.

current smokers having smoked more than 50 py and less change the results (Table S1). The risk of death from
than 50 py, respectively. Lowering the pack-year cutoff  causes other than breast cancer also increased with every
from 50 to 20 in sensitivity analyses did not appreciably additional 10 py smoked (HR = 1.16, 95% CI: 1.11-1.22).
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Possible variations in the effect of smoking status on
other-cause mortality according to tumor stage and BMI
at diagnosis were also evaluated. Current smoking was
associated with increased risk of other-cause mortality in
women with local and regional/distant disease alike, but
the risk was greater among women with local disease. HR
for other-cause mortality were 3.18 (95% CI: 2.11-4.81)
and 1.87 (95% CI: 1.06-3.30) for women with local and
regional/distant  disease at  diagnosis, respectively
(Table 3). Former smoking was associated with increased
risk in women with regional/distant disease (HR = 1.91,
95% CI: 1.14-3.19), but not among those with localized
tumors at diagnosis (HR = 1.30, 95% CI: 0.92-1.83). In
analyses stratified by BMI, former smoking was associated
with increased risk of other-cause mortality in normal
(HR = 1.59, 95% CI: 1.03-2.45) and over-weight women
(HR = 1.46, 95% CI: 1.13-1.90), but not among those
that were obese (HR = 1.38, 95% CI: 0.60-3.16). Current
smoking also resulted in increased risk of other-cause
mortality among normal-weight (HR = 2.83, 95% CI:
1.71-4.68), and overweight (HR = 2.49, 95% CI: 1.84—
3.36) women, but not among obese women (HR = 1.94,
95% CI: 0.67-5.65).

Discussion

In this study, we evaluated the association of smoking, as
reported 2—4 months after diagnosis, with breast cancer-
specific and other-cause mortality among breast cancer
survivors. We found that former smoking was associated
with increased risk of other-cause mortality, and the risk
doubled with increasing intensity. Current smoking and
every additional 10 py smoked were also associated with
statistically significant increases in the risk of other-cause
mortality. The effect of current smoking on other-cause
mortality decreased with advancing stage and increasing
BMI. Breast cancer-specific mortality was associated with
current smoking of >50 py and each unit increase in 10
py smoked. Current smoking was associated with
increased risk of breast cancer-specific mortality in
women with local disease, but not in those with regional
and distant disease. We found no evidence that smoking
reduced the risk of breast cancer mortality by promoting
lower body weight.

Reports of the association between smoking and breast
cancer-specific mortality have been mixed. While some
studies were able to establish a statistically significant
association [18, 19, 26-29], others did not [6, 15, 30-33].
Similar to other studies, using only smoking status fol-
lowing breast cancer diagnosis, we found that current and
former smoking were associated with other-cause mortal-
ity, but not breast cancer mortality. The risk associated
with current smoking was double that associated with

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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former smoking, indicating that, most likely, current
smoking is a surrogate for high lifetime exposure. Among
former smokers, cumulative lifetime exposure of more
than 50 py resulted in similar risk as current smoking of
the same duration. These results are consistent with those
reported by a pooled sample of 9975 breast cancer survi-
vors from the Women’s Health Eating and Living
(WHEL) Study, the Life After Cancer Epidemiology
(LACE) Study and the Nurses’ Health Study (NHS) [29].
These data indicate that epidemiologic studies of smok-
ing, as well as those considering smoking as a potential
confounder, should consider lifetime smoking exposure in
addition to current smoking status.

The impacts of smoking on cardiovascular and respira-
tory health that lead to premature death are well docu-
mented. The biological pathways linking smoking to
breast cancer-specific mortality are, on the other hand,
less clear. Since breast cancer is a highly heterogeneous
disease [34], it is plausible that smoking differentially
affects estrogen-responsive tumors versus more aggressive
forms of this cancer. In addition, cigarette smoke has
been associated with the elevated metastatic potential of
tumor cells and stimulation of angiogenesis [35]. The
association of cigarette smoke with an increased pulmo-
nary metastatic propensity in mouse models [1] gives rise
to the hypothesis that smoking could increase the risk of
breast cancer recurrence and death. Consistent with this,
cross-sectional epidemiologic evidence has shown that
smokers with breast cancer had more and larger lymph
node metastases than nonsmokers, after controlling for
primary tumor size and other variables [2, 3]. In addi-
tion, smoking has been associated with a younger age at
diagnosis [36], hormone receptor-negative breast cancer
[37] and an increased risk of lung metastases among
breast cancer patients [1, 4]. Although the mechanisms
that lead to the altered tumor behavior associated with
smoking are not well established, it has been shown that
some complications of radiation therapy may be more
frequent and severe in smokers [38]. Notably, never
smokers were more likely to receive chemotherapy than
current or former smokers. Analysis of smoking status
among women undergoing breast cancer treatment may
help better target therapeutic options.

Limitations of this study include the fact that smoking
status, duration, and intensity were self-reported and only
once at the baseline examination after diagnosis. Since
breast cancer is a disease with constant attrition for up to
30 years, it is possible that additional effects of smoking
or more precision may have been observed with a longer
follow-up. Another limitation is that smoking was
assessed retrospectively, 2—4 months after breast cancer
diagnosis. Given the considerable decline in smoking over
the past 30 years in the United States [39], these data
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may not reflect contemporary patterns of exposure. Since
smoking intensity and duration may not be collinear
[40], pack-years may not be the best unit of exposure
assessment. However, since age is associated with intensity
and the duration of smoking is a function of age, it can
be expected that intensity and duration will be collinear
in the U.S. population of the recent decades [28]. In
addition, the number of participants in some of the high-
est intensity categories was relatively small. Another
important limitation of this study is that the majority of
respondents were treated with partial or radical mastec-
tomy, which is no longer the standard of care for early-
stage breast cancer. The currently recommended standard
of care for this population consisting of radiation and
segmental mastectomy or lumpectomy may have less
impact on other-cause survival. Finally, the current study
could not assess whether the impact of smoking on
other-cause mortality differs in women with and without
breast cancer. We were, however, able to compare smok-
ing history among breast cancer cases and healthy con-
trols and found no considerable differences between the
two groups.

The strengths of the study include comprehensive mea-
sures of smoking status, as well as a composite measure
of duration and intensity, a prospective population-based
cohort design, a relatively large set of participants, a long
follow-up and our ability to take into account multiple
covariates in the tumor-related, lifestyle, and socio-demo-
graphic domains. Since women in this study were identi-
fied through a large regional, population-based
surveillance program, our findings may apply to wider
audiences than studies in which subjects were drawn from
academic settings. Bias due to loss to follow-up was mini-
mized because mortality status was ascertained annually
for all of the patients in the registry.

In summary, our findings indicate that cigarette smok-
ing confers a dose-dependent increasing risk of breast
cancer-specific and other-cause mortality for women with
breast cancer.
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