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Abstract
It is unclear why successful quitting at time of breast cancer diagnosis should remove risk from a
significant lifetime of smoking. Studies concluding this may be biased by how smoking is
measured in many epidemiological cohorts. In the late 1990s, a randomized trial of diet and breast
cancer outcomes enrolled early-stage female breast cancer survivors diagnosed within the previous
4 years. Smoking history and key covariate measures were available at study entry for 2953
participants. Participants were followed for an average of 7.3 years (96% response rate). There
were 10.1% deaths (83% from breast cancer). At enrollment, 55.2% were never smokers, 41.2%
former smokers, and 4.6% current smokers. Using current smoking status in a Cox regression,
there was no increased risk for former smokers for either all-cause mortality (HR=1.11; 95%
CI=0.87, 1.41; p-value = 0.42) or breast cancer mortality. However, when we categorized on
extensive lifetime exposure, former smokers with 20+ pack-years of smoking (25.8%) had a
significantly higher risk of both all-cause (HR=1.77; 95% CI =1.17, 2.48; p-value = 0.0007) and
breast cancer specific mortality (HR=1.62; 95% CI =1.11, 2.37; p-value = 0.01). Lifetime smoking
exposure, not current status should be used to assess mortality risk among former smokers.
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Introduction
Smoking is associated with higher risk of mortality in breast cancer patients, with the
increased risk reportedly limited to women who were still smoking at the time of assessment
(i.e. current smokers) and not in former smokers1–9,10, suggesting that the exposure risk
from smoking may be resolved by quitting. However, many of these epidemiological studies
simply measured smoking status of participants without consideration of lifetime exposure.
However, the health hazards from smoking accumulate with exposure.11 Additionally, there
has been a major decline in daily smoking consumption within the United States.12 Should a
substantial proportion of self-reported former smokers have limited experience with
smoking, this might dilute the observed mortality risk for all former smokers and could
explain the lack of association reported by former smokers. This report investigates the
relationship between lifetime smoking history and mortality in a large cohort of early-stage
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breast cancer survivors to investigate whether quitting is sufficient to remove the risk from a
significant lifetime history of smoking.

Material & Methods
Analyses were conducted in the Women’s Healthy Eating and Living (WHEL) study cohort
of early-stage breast cancer survivors diagnosed 1991–2000 and randomly assigned to either
a plant-based ‘high-vegetables-fruit-fiber and low-fat’ diet or a ‘5-a-day’ comparison group.
Eligibility criteria, data collection, outcomes assessment, and trial results have been
published.13 In short, participants were eligible if they had Stage I (≥1cm), II, or IIIA breast
cancer diagnosed within the previous 4 years, had no evidence of cancer recurrence, had
completed primary therapy, were aged 18–70 years at diagnosis, and did not have life-
threatening co-morbidities. A total of 2953 (95.6%) of WHEL study participants had all the
data needed and were included in this analysis. The Human Subjects Committee of the
University of California, San Diego, and all participating institutions approved the study
procedures.

Smoking assessment
At baseline, participants completed a brief smoking history questionnaire, which included
multiple choice responses regarding age of smoking initiation and cessation, duration of
smoking, and the number of cigarettes/day. We classified a lifetime history of <100
cigarettes as never smoking. Former smokers reported having quit at this baseline survey.
All ever smokers reported their intensity of smoking (cigarettes/day) and the number of
years they smoked regularly. Pack-years exposure was determined by multiplying duration
of smoking by intensity.

Covariates assessment
Standardized questionnaires also ascertained demographic, other lifestyle characteristics,
(e.g. alcohol, menopausal status) and quality of life (SF-36). Height (m) and weight (kg)
were measured at enrollment clinic visit and body mass index (BMI) was calculated (kg/
m2). Information on tumor characteristics, treatment received, and age at diagnosis was
abstracted from medical records. Variables assessed in the analysis included: diagnosis age,
obesity (BMI: <30 vs. ≥30), ethnicity (non-Hispanic white, African-American, Hispanic,
Asian-American, and other), education (college graduate: yes, no), employment and marital
status (yes, no), post-menopausal status (yes, no), alcohol intake (none, 1–19, and ≥20 g
alcohol/day), time between diagnosis and study entry, physical and mental health summary
score, radiotherapy (yes, no), chemotherapy (yes, no), Tamoxifen use (yes, no), cancer stage
(I, II, and IIIA), cancer grade (differentiation: well, moderate, and poor), and estrogen
receptor status (positive, negative).

Outcomes assessment
Staff queried study outcomes (i.e. breast cancer events and/or death) by telephone semi-
annually. Any report of a breast cancer event or death triggered a confirmation interview
(including family member) and an oncologist review of the medical record and/or death
certificates. In addition, both the Social Security and the National Death Index were
searched using Social Security number, name, and date of birth. At study completion, vital
status was available on 96% of enrollees. Survival was the time from study enrollment
(1995–2000) to death from any cause. Follow-up time was censored at the earlier of (a) time
of the last documented staff contact date or (b) study completion (June 2006) for participants
without an event (median follow-up time was 7.3 years, range was 0.01 – 10.8 years). For
breast cancer-free survival, participants who died of causes other than breast cancer were
censored at that time.
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Statistical analysis
Smoking status and smoking history variables met the proportional hazard assumptions (the
lines in the log minus log survival curves did not converge) and we plotted Kaplan-Meier
curves of cumulative survival by categories of pack-years. Cox proportional hazard models
were used to determine the mortality risk (cancer specific and all-cause) by smoking status
(for current and former smokers, reference= never smokers); hazard ratios (HR) and 95%
confidence intervals (95% CI) were reported.14 Covariates were assessed with a backward
selection procedure and the most parsimonious models were selected when exclusion of
variables did not affect the β-coefficient of the smoking status variable by more than 10%.
We tested the association between smoking intensity (cigarettes/day) and duration (years of
regular smoking) and noted significant co-linearity (Spearman correlation=0.95, p<0.0001).
Thus, it was not appropriate to treat them as independent variables in the same model as
suggested by Peto 15. Accordingly, we conducted separate analyses for each variable as well
as for the combined pack-years variable. The multivariate models with pack-years data were
repeated without current smokers, to test whether the hazard ratios changed significantly.
Data analyses were conducted in SAS version 9.2 (Cary, NC) and all tests used were two-
sided.

Results
As previously reported,10 WHEL participants were mostly non-Hispanic white (85.3%),
post-menopausal (79.4%), married (70.1%), and employed (72.2%). Approximately 26%
were obese, 34% were ≥55 years old, and 54% were college graduates. Most had estrogen
receptor positive tumors (74.3%); the majority had stage II or IIIA tumors (62.4%). The
majority received adjuvant therapy (61.5%, 69.8%, and 66.3% had radiotherapy,
chemotherapy, or Tamoxifen respectively). Over a median of 7.3 years of follow-up, 297
(10.1%) participants died, of whom 249 (82.5%) died from breast cancer. The majority
(55.2%) were never smokers, with 41.2% former smokers, and the remaining 4.6% current
smokers.

In the current smoking status adjusted analysis, compared to never smokers, current smokers
had a 59% higher risk of all-cause mortality, but not a significantly increased risk of breast
cancer mortality. No increased risk was observed for former smokers (Table 1). There
appeared to be a threshold of 15 cigarettes per day under which there was no increased
adjusted risk. However, for both 15–24 and 25+ cigarettes per day, there was a significant
increased risk of all-cause mortality with the highest risk seen with the highest intensity.
While the 15–24 cigarettes per day category was associated with breast cancer deaths, such
an association was not seen at the higher intensity of smoking.

Duration of smoking was also investigated and a significant risk for both breast cancer and
all-cause mortality was observed for those with 30+ years of smoking. The combined pack-
years variable was tested and a threshold of 20+ pack-years was associated with both a 54%
increase in breast cancer mortality (HR=1.54; 95% CI=1.07, 2.32) and an 81% increase in
all-cause mortality (HR=1.81; 95% CI= 1.32–2.47). For former smokers over this threshold
(30%) the observed significant increases were similar to the full model (58% and 71%
respectively, data not shown).

Kaplan-Meier curves for survival (Figure 1A) and breast cancer free survival (Figure 1B)
indicate that poorer outcomes were observed for smokers with a 20+ pack-years history
early on during the follow-up period and increased over time.
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Discussion
Similar to other studies, using only current smoking status at enrollment suggested that
smoking was associated with all-cause mortality, but not breast cancer mortality, and there
was no increased risk among former smokers. However, a very different conclusion is
reached when both intensity and duration of smoking are considered. There would appear to
be no increased risk provided that the intensity of smoking was not more than 15 cigarettes
per day and the duration was less than 30 years. Indeed, these two variables were highly co-
linear, which may account for the anomaly in dose response with smoking intensity. Using a
combined variable, the threshold under which there was no increased risk of a poorer health
outcome was 20+ pack-years. Regardless of current smoking status, women with this level
of experience with cigarette smoking had a 54% higher risk of dying from breast cancer
during the study period. The risk of dying from any cause during the study period for this
group was estimated to be 80% higher for current smokers and slightly less for former
smokers (70%).

These data indicate that epidemiological and clinical studies need to collect at least a brief
smoking history in their studies. That so many studies have only reported smoking status is
surprising given the strong dose-response relationship that has been reported so often for
mortality for many different cancers.16 Smoking seems to have become the variable that
does not need to be measured in treatment trials, with a recent study noting that only 20% of
clinical trials of co-operative groups even measure smoking status. 8 Yet, if a significant
smoking history is associated with a 50% increase in breast cancer mortality, not including
this variable in the analysis will significantly bias study findings. In this study, even though
very few women were current smokers, over one third had 20+ pack-years of smoking
history.

It has been argued that intensity and duration should not be highly co-linear in most studies
and so the pack-years variable is not the best one to include in the analysis15. However, in
the United States there has been a major decline in the average intensity of smoking over the
past 50 years12. Importantly, the leading edge of this decline appears to have been a
reduction in the prevalence of moderate to heavy smoking across successive birth cohorts.
As a result, age is strongly associated with intensity. As duration of smoking is a function of
age, it is to be expected that intensity and duration will be co-linear in a US population
during this time period. That the WHEL study had a wide age eligibility range (18–70 years)
would further ensure co-linearity.

Unfortunately, many epidemiological studies only measure current smoking status1–7, 9 and
not lifetime exposure. Many of the early epidemiological studies on smoking used the pack-
years of smoking measure to take into account both duration and intensity of smoking, but
this requires additional survey questions. However, a design decision to limit measurement
to only smoking status has important consequences for hypothesis testing in epidemiological
studies. When smoking is a covariate of a hypothesized relationship, using smoking status in
the model is unlikely to achieve the goal of removing confounding from smoking exposure.
This inadequate adjustment will bias the hazard estimate for the exposure of interest. Should
the true effect of the variable of interest be modest, then this approach could affect the
significance of the test. When smoking is the exposure of interest, using smoking status will
either underestimate or obscure the mortality risk, particularly for former smokers.

The strength of this analysis includes the large sample size, availability of key covariates,
and a long and almost complete follow-up with a significant number of outcome events. A
limitation is that this study enrolled mainly white, highly educated women who were early-
stage breast cancer survivors who volunteered for a diet intervention trial and so has limited
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generalizability to other populations. The calculation of pack-years of smoking is limited as
the intensity assessment is only focused on reported recent average smoking. Given that it
has been documented that smokers have reduced their daily consumption, particularly since
the rapid diffusion of smoke-free workplace policies, recent consumption will be an
underestimate of true consumption.12, 17 The WHEL cohort was a young cohort with half of
the population under 52 years of age, however 87% of the study population were over 40
years of age. As smoking initiation usually occurs in the teenage years18 and smoking is
very addictive, there was ample opportunity for a 40 year old to accrue 20+ pack-years of
smoking. As mentioned above, there was an age gradient in the pack-years variable.

In summary, the measures of intensity and duration of past smoking are co-linear and this
study indicates that it is very important to use a combined exposure variable in any analysis
of the effect of smoking on breast cancer mortality. When only current smoking status is
used in analyses, the results suggest that those who have quit smoking are no longer at any
increased risk from their smoking behavior. However, a combined exposure variable
indicates that women with a history of 20+ pack-years have a 50% increased breast cancer
mortality risk even after they have quit smoking. This suggests that use of a current status
measure of smoking could bias conclusions of the relationship between smoking and breast
cancer incidence as well.
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Novelty and impact

Many studies with breast cancer survivors only measure smoking status and not lifetime
exposure (pack-years), and as a result report that former smokers do not have an elevated
mortality risk. This report of breast cancer survivors has an important clinical message as
it shows that former smokers with a 20+ pack-years have a significantly higher mortality
risk (breast specific and all-cause) compared to both lifetime non-smokers and former
smokers with < 20 pack-years.
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Figure 1.
Time to death from any-cause (Figure 1A) and from breast cancer (Figure 1B) by pack-years
of exposure to smoking in a cohort of US breast cancer survivors followed for a mean of 7.3
years (n =1602 never smokers; 0.1–10 pack-years=747, 10.1–20 pack-years=238, and >20
pack- years=366).
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