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Abstract

Little is known about the influence of prediagnosis and postdiagnosis smoking and smoking
cessation on ovarian cancer survival. We investigated this relationship in two prospective cohort
studies, the Nurses’ Health Study (NHS) and NHSII. Analyses included 1,279 women with
confirmed invasive, Stage I-I1l epithelial ovarian cancer. We used Cox proportional hazards
regression models to estimate hazard ratios (HR) and 95% confidence intervals (ClI) for ovarian
cancer-specific mortality by smoking status, adjusting for age and year of diagnosis, tumor stage,
histologic subtype, body mass index and nonsteroidal anti-inflammatory use (postdiagnosis
models only). When examining prediagnosis smoking status (assessed a median of 12 months
before diagnosis), risk of death was significantly increased for former smokers (HR = 1.19, 95%
Cl: 1.02-1.39), and suggestively for current smokers (HR = 1.21, 95% CI: 0.96-1.51) vs. never
smokers. Longer smoking duration (=20 years vs. never, HR = 1.23, 95% CI: 1.05-1.45) and
higher pack-years (=20 pack-years vs. never, HR = 1.28, 95% CI: 1.07-1.52) were also associated
with worse outcome. With respect to postdiagnosis exposure, women who smoked =15 cigarettes
per day after diagnosis (assessed a median of 11 months after diagnosis) had increased mortality
compared to never smokers (HR = 2.34, 95% CI: 1.63-3.37). Those who continued smoking after
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diagnosis had 40% higher mortality (HR = 1.40, 95% CI: 1.05-1.87) compared to never smokers.
Overall, our results suggest both prediagnosis and postdiagnosis smoking are associated with
WOrse ovarian cancer outcomes.
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Introduction

Ovarian cancer is the most fatal gynecological malignancy in the US.1 Although new
treatment strategies, such as anti-angiogenesis drugs (e.g., bevacizumab) and poly-adenosine
diphosphate-ribose polymerase (PARP) inhibitors, which impair DNA break repair and have
improved outcomes in some patients,? the 5-year survival rate is only 48%.3 Consideration
of whether lifestyle factors may influence survival in ovarian cancer patients may provide
new opportunities for interventions.

Tobacco smoke is a highly proinflammatory and toxic substance,* which is a cause of
premature death from multiple conditions, including cancers.>~" Smoking may enhance the
invasive potential of cancer cells,8 increase the risk of cancer recurrence and development of
second primary cancers,?10 alter cancer drug metabolism?! and promote the development of
thrombosis,12 which are all associated with an increased risk of mortality. Current smoking
prior to or at diagnosis was related to worse outcomes of ovarian cancer patients in four out
of five prior studies, although mixed results were noted for smoking rate, accumulative pack-
years and duration since quitting in the few studies that assessed these associations.13-17
Due to limited sample sizes, most of these studies were not able to evaluate associations by
histologic subtype, which have very different outcomes. Although many cancer survivors
continue smoking after diagnosis, few studies have examined the impact of postdiagnosis
smoking on ovarian cancer survival,1” which may result in decreased survival time due to
reduced treatment effectiveness,1118 worse side effects of treatment!® and increased risk of a
second malignancy.29

To gain deeper insight into smoking as a modifiable factor that could potentially influence
survival among women diagnosed with ovarian cancer, we investigated the associations of
smoking before and after ovarian cancer diagnosis, as well as a change in smoking behavior
from prediagnosis to postdiagnosis, with ovarian cancer-specific mortality and all-cause
mortality overall and by histologic subtype. We considered associations among all
participants and by tumor histology and stage as well as by patient characteristics, such as
body mass index (BMI) and postdiagnosis aspirin use.

Materials and Methods

Study participants

The Nurses’ Health Study (NHS) was established in 1976 among 121,700 female registered
nurses aged 30-55 years residing in 11 states in the US.21 NHSII began in 1989 among
116,429 female registered nurses aged 25-42 years from 14 US states.?2 In the NHS and
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NHSII, participants reported detailed information about their lifestyle and medical history at
study entry; this information has been updated on biennial follow-up questionnaires that
were completed by participants regardless of cancer status. The study protocol was approved
by the institutional review boards of the Brigham and Women’s Hospital and Harvard T.H.
Chan School of Public Health, and those of participating registries as required. Completion
of the questionnaire was considered to imply informed consent.

Potentially eligible participants for this analysis included women with confirmed invasive,
Stage I-111 epithelial ovarian cancer (based on the International Federation of Gynecology
and Obstetrics classification) who had data on cigarette smoking either before or after
ovarian cancer diagnosis (Fig. 1). Ovarian cancer cases were identified by self-report on the
biennial questionnaires and deaths were identified via family members, the National Death
Index or the US Postal Service. All ovarian cancer diagnoses were confirmed either via
medical record review by a gynecological pathologist or by linkage with the relevant cancer
registry. The gynecological pathologist, blinded to smoking status of study participants,
abstracted data on tumor stage, histology, grade and morphology. Cause of death among
confirmed ovarian cancer cases was obtained from related medical records and death
certificates. Patients who died within 1 month of diagnosis (n= 37), with borderline cancer
(low malignant potential disease, /7= 177), Stage IV (having much lower survival rate23 and
less likely to complete a postdiagnosis questionnaire, 7= 162) or missing stage (n7=132),
nonepithelial cancer (7= 68) or without data on both prediagnosis and postdiagnosis
cigarette use (/7= 11) were excluded.

Assessment of smoking and other covariates

On the baseline questionnaire and every subsequent biennial questionnaire, participants were
asked “Do you smoke cigarettes currently?”; those who answered yes were considered to be
current smokers at that timepoint and reported the average number of cigarettes smoked per
day. Former smokers were those who either reported having ever smoked cigarettes regularly
in the past at baseline or those who reported currently smoking in a prior questionnaire, but
no longer smoked. On the baseline questionnaire, both current and former smokers reported
the age when they started smoking regularly, while former smokers additionally reported the
time since quitting smoking and the average number of cigarettes smoked per day before
quitting. On each questionnaire, we classified participants as never, former or current
smokers, and, for ever smokers, we determined the quantity (cigarettes/day and pack-years),
duration and time since quitting (former smokers only).

Prediagnosis cigarette use was assessed at the questionnaire prior to the ovarian cancer
diagnosis (e.g., smoking status on the 1980 questionnaire if ovarian cancer was diagnosed in
1981) with a median assessment of 12 months before diagnosis (interquartile range [IQR]:
6—-19 months). Postdiagnosis cigarette use was obtained from the first questionnaire with a
return date after the date of diagnosis (median of 11 months after diagnosis, IQR: 6-18
months). The change in smoking from prediagnosis to postdiagnosis was defined by the
smoking status at the closest assessments immediately prior to and after diagnosis in which
the participant reported on smoking behavior (median time between two assessments were
24 months, IQR: 23-27 months), with the following categories: never smoker (never smoker
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at both prediagnosis and postdiagnosis assessments), former smoker (former smoker at both
assessments), quit smoking after diagnosis (current smoker before diagnosis and former
smoker after diagnosis) and remained current smoker (current smoker at both assessments).
Too few women (7= 2) resumed smoking after diagnosis (former smoker before diagnosis
and current smoker after diagnosis) to include in the analysis.

BMI and NSAID use (either aspirin or nonaspirin NSAIDs) were also queried on the
biennial questionnaires. Briefly, body height and weight were queried at baseline then
weight was updated on each follow-up questionnaire in both cohorts. In the NHS, the use of
aspirin and nonaspirin NSAIDs was queried in 1980 and 1990, and every questionnaire
thereafter, respectively. In the NHSII, both aspirin and nonaspirin NSAID use were collected
in 1989, 1993, and every 2 years thereafter. Prediagnosis and postdiagnosis values of these
covariates were defined from the same questionnaire as the relevant smoking assessment.

The primary outcome was ovarian cancer-specific mortality (International Classification of
Diseases version 8 codes 1830, 1831 and 1580), while the secondary outcome was all-cause
death among ovarian cancer patients. Cases of ovarian, primary peritoneal and fallopian tube
cancer were included as the primary outcome since these diagnoses are typically grouped
together because of common histologic subtypes and origins.

Statistical methods

Cox proportional hazards regression models were used to estimate hazard ratios (HR) and
95% confidence intervals (CI) for the association between smoking and survival. For
prediagnosis exposures, the analytic time scale was measured in months from ovarian cancer
diagnosis to death or the end of follow-up (June of 2016 for NHS and June of 2017 for
NHSII). For postdiagnosis exposures, the analytic time scale was measured in months from
the return of the first post-diagnosis questionnaire containing smoking information to death
or the end of follow-up. Primary prediagnosis and post-diagnosis exposure models were
adjusted for age at diagnosis (continuous), calendar year of diagnosis (to account for
potential changes in ovarian cancer treatment over time [continuous]), tumor stage (I-I11),
cancer histology (high-grade serous [most cases of serous cancer with unknown grade were
considered as high-grade and thus were also included in this group] or poorly differentiated,
low-grade serous or nonserous [e.g., mucinous, endometrioid, clear cell, transitional/
Brenner, carcinosarcoma or mixed subtypes], unknown or other histology) and cohort (NHS,
NHSII). We additionally assessed adjustment for BMI at prediagnosis or postdiagnosis
depending on the timing of smoking exposure being assessed (<21, 21 to <23, 23 to <25, 25
to <30, 30 to <35, 35 kg/m2, or unknown BMI1), and postdiagnosis NSAID use (never user,
past user, current user of either aspirin or nonaspirin NSAIDs, current user of both aspirin
and nonaspirin NSAIDs, unknown NSAID use) for analyses of postdiagnosis smoking, as
we previously observed no association of prediagnosis NSAID use and survival.24 Tumor
grade as well as additional prediagnosis factors, including parity, menopausal status, oral
contraceptive use, postmenopausal hormone therapy, tubal ligation, hysterectomy, alcohol
consumption, physical activity, family history of ovarian cancer or breast cancer and
comorbidities (including cardiovascular disease, diabetes and lung cancer; assessed at the
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same time as the exposure), did not substantially alter the risk estimates, and thus were not
included in the final models.

In analyses of change in smoking before to after diagnosis, the analytic time scale was
measured from the return of the first postdiagnosis questionnaire containing smoking
information to death or the end of follow-up. Covariates included age and year at diagnosis,
tumor stage and histology, prediagnosis BMI, and cohort, as noted above, as well as change
in BMI (<-2, -2 to <0, 0 to <2, =2 kg/m?, unknown) and change in NSAID usage from
prediagnosis to postdiagnosis (never user, remained past user, current to past user, remained
current user, never/past to current user and unknown). Due to the small sample size,
participants who reported past smoking before diagnosis and current smoking after diagnosis
were excluded from this analysis (7= 2).

To test the proportional hazards assumption, we computed multiplicative interaction terms
between smoking and the analytic time scale (continuous) and compared models with vs.
without interaction terms using the likelihood ratio test. No deviation from proportional
hazards was detected. To test for heterogeneity by cohort, HRs were calculated separately in
each cohort, and then pooled using random-effects meta-analysis. We carried out stratified
analyses by histologic subtype (high-grade serous vs. nonserous/low-grade serous), BMI
(<25 vs. 225 kg/m?2), NSAID use (noncurrent [including never and past user] vs. current
user, postdiagnosis analysis only) and stage (I/11 vs. 111), and tested potential effect
modification by smoking status using a likelihood ratio test comparing models with vs.
without interaction terms.

We conducted multiple sensitivity analyses: excluding women with smoking-related
comorbidities (cardiovascular disease, diabetes and lung cancer; assessed at the same time as
the exposure); excluding women diagnosed with breast or lung cancer, since these cancers
are common in women and smoking is related to mortality in these patients populations9:25;
including participants missing tumor stage (using a missing indicator); and excluding
mucinous ovarian cancer cases, for whom smoking is an established risk factor.26:27 For
prediagnosis exposures, we secondarily evaluated exposures reported at least 4 years prior to
ovarian cancer diagnosis to ensure that subclinical disease and related symptomology did not
affect smoking status. For postdiagnosis exposures, secondary analyses were conducted
using exposures reported within 4 years after diagnosis to examine whether results were
sensitive to the timing of smoking assessment. All statistical analyses were conducted with
SAS statistical software version 9.4 (SAS Institute Inc., Cary, NC). p values <0.05 were
considered significant and all statistical tests were two-sided.

Data availability

Results

The data that support the findings of our study are available from the corresponding author
upon reasonable request.

In total, we identified 1,866 confirmed ovarian cancer cases (1,441 from NHS 1976-2016
and 425 from NHSII 1989-2017; Fig. 1). After excluding 587 participants, 1,279 (68.5%)
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were included in the analyses (998 from NHS and 281 from NHSII); 1,274 had data on
prediagnosis smoking (993 from NHS and 281 from NHSII), 1,133 had data on
postdiagnosis smoking (858 from NHS and 275 from NHSII) and 1,128 had data on both
prediagnosis and postdiagnosis smoking (853 from NHS and 275 from NHSII).

Median age at ovarian cancer diagnosis was 65 years in NHS and 52 years in NHSII (Table
1). In both cohorts, the majority of study participants were diagnosed with high-grade serous
tumors, Stage 111 cancer and were current NSAID users. Ever smoking was more common in
NHS than NHSII. In the prediagnosis exposure analytic population, 892 women (70.0%)
died, 759 (85.1%) of which died from ovarian cancer (median survival time was 3.8 years
[IQR: 1.7-8.9] in NHS and 6.6 years [IQR: 3.3-12.1] in NHSII). In the analytic population
for postdiagnosis exposures, 747 women (65.9%) died, 617 (82.6%) of which died from
ovarian cancer (median survival time was 4.5 years [IQR: 2.3-11.3] in NHS and 6.6 years
[IQR: 3.5-12.3] in NHSII). The characteristics of ovarian cancer patients by prediagnosis
smoking status were shown in Supporting Information Table S1.

In analyses of prediagnosis smoking status, compared to never smokers, the risk of ovarian
cancer-specific mortality was significantly increased by 19% among former smokers (HR =
1.19, 95% CI: 1.02-1.39), and was suggestively increased by 21% among current smokers
(HR =1.21, 95% CI: 0.96-1.51; Table 2). Furthermore, former (HR = 1.30, 95% ClI: 1.07-
1.58) and current (HR = 1.30, 95% CI: 0.98-1.73) smokers who smoked 15 or more
cigarettes per day had worse ovarian cancer-specific mortality compared to never smokers.
Longer smoking duration (=20 years vs. never smoker, HR = 1.23, 95% ClI: 1.05-1.45) and
higher pack-years (=20 pack-years vs. never smoker, HR = 1.28, 95% ClI: 1.07-1.52) before
diagnosis also were associated with greater risk of mortality, while shorter smoking duration
(<20 years) and lower pack-years (<20 pack-years) were not significantly associated. No
association was observed for time since quitting smoking among former smokers.

In the postdiagnosis smoking analysis, increased risk of mortality was observed for both
former and current vs. never smokers (HR = 1.26, 95% CI: 1.06-1.50 and HR = 1.46, 95%
Cl: 1.10-1.93, respectively) and for smokers of =15 cigarettes/day (among former smokers:
HR = 1.27, 95% CI: 1.03-1.57; among current smokers: HR = 2.34, 95% ClI: 1.63-3.37).

In analyses of change in cigarette smoking from prediagnosis to postdiagnosis, quitting
smoking was not associated with risk of ovarian cancer death (7= 43, HR = 0.84, 95% CI:
0.54-1.31), while 20 and 40% higher risks of mortality were observed for women who were
either former smokers (HR = 1.20, 95% ClI: 1.01-1.43) or remained current smokers (HR =
1.40, 95% CI: 1.05-1.87), respectively (Table 3).

For all analyses, results for all-cause mortality were similar to those for ovarian cancer-
specific mortality. Findings were similar across cohorts (all p-heterogeneity > 0.05,
Supporting Information Table S2 and S3). Risk estimates from a reduced model excluding
BMI and NSIADs use (postdiagnosis analysis only) were similar to those in the primary
analyses (data not shown).

In stratified analyses by tumor histology, significant associations were demonstrated among
women diagnosed with high-grade serous or poorly differentiated tumors, but not those with
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nonserous or low-grade serous tumors (Table 4). For example, current vs. never smoking in
postdiagnosis analyses were associated with worse outcomes among those with high-grade
serous or poorly differentiated tumor (HR = 1.71, 95% CI: 1.25-2.34), but not those with
nonserous or low-grade serous histology (HR = 0.84, 95% CI: 0.39-1.79; p-heterogeneity =
0.02). Similar results were noted for change in smoking status, with those remained former
and current smokers with high-grade serous or poorly differentiated histology having
increased ovarian cancer-specific mortality, but no association for women with nonserous or
low-grade serous histology. Findings with all-cause mortality were similar (Supporting
Information Table S4).

In the prediagnosis analysis stratified by BMI, increased risk of ovarian cancer-specific
death related to smoking status, was suggestively stronger among women whose
prediagnosis BMI was lower than 25 kg/m? (e.g., current vs. never smokers, HR = 1.44 and
0.91 for cases with BMI < 25 kg/m? and =25 kg/m?, respectively; p-heterogeneity = 0.07;
Supporting Information Table S5). Smoking associations after diagnosis generally were
similar by BMI (e.g., current vs. never smokers, HR = 1.46 and 1.30 for cases with BMI <
25 kg/m? and =25 kg/m?, respectively; p-heterogeneity = 0.84), although remaining former
or current smokers from prediagnosis to postdiagnosis was associated with mortality only
among those with lower BMI (compared to never smokers, for cases with BMI < 25 kg/m?,
HR = 1.28 and 1.55 for former and remained current smokers, respectively; for those with
BMI = 25 kg/m?, HR = 1.11 and 1.12, respectively; p-heterogeneity = 0.06). In analyses by
postdiagnosis NSAID use, smoking was associated with worse survival only among
noncurrent users of NSAIDs. For example, the HR = 1.82 among noncurrent users of
NSAIDs who remained current smokers vs. never smokers; the equivalent association was
HR = 1.18 in current NSAID users (p-heterogeneity<0.01; Supporting Information Table
S6). Results were similar for early and late-stage patients (data not shown).

Findings did not differ when excluding women with comorbidities, excluding those with
breast or lung cancer, or including cases with unknown stage (data not shown). Secondary
analyses evaluating exposure collected at least 4 years prior to diagnosis or within 4 years
after diagnosis were also similar (data not shown).

Discussion

This is the largest analysis of the influence of cigarette smoking both before and after
diagnosis on survival in ovarian cancer patients in two large prospective cohort studies. We
observed that the risk of ovarian cancer-specific and overall mortality was elevated among
former and current smokers both before and after diagnosis, especially for those with high-
grade serous or poorly differentiated histology. In addition, we observed an increased risk of
mortality among those who remained former or current smokers, compared to never
smokers.

Consistent with our findings, results from prior studies generally observed worse outcomes
for former or current prediagnosis cigarette smoking. For example, a pooled analysis of 19
case—control studies observed increased all-cause mortality among former and current
smokers overall and among cases with serous histology.1” Similar results were also reported
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in case—control studies in Australia and Denmark,13:14 and a cohort study in Canada.8 In
contrast, neither smoking status nor number of cigarettes smoked per day was associated
with ovarian cancer survival among 635 women in a Swedish case—control study.1®
However, this study was unable to adjust for histology, and a high proportion of participants
were never smokers, compared to the other studies, which may indicate better health and
life-style. Notably, prior studies only collected information about smoking before or at
diagnosis, and thus could not evaluate the effect of postdiagnosis smoking. Considering the
relatively small number of participants who changed their smoking status after diagnosis (77
=45, 43 cases quit smoking after diagnosis, two cases reported past smoking before
diagnosis and current smoking after diagnosis), the distributions of prediagnosis and
postdiagnosis smoking status were highly similar, and both were associated with increased
risk of ovarian cancer-specific death and total death in our study.

Though the exact mechanisms of how smoking increases ovarian cancer mortality are not
understood, several mechanisms may explain this association. Long-term cigarette smoking
may result in a tumor milieu enriched with proinflammatory cytokines and chemokines,
providing a preferred background for epithelial ovarian cancer genesis, growth and
progression.28 Smoking may enhance the invasive potential of cancer cells, and induce
ovarian cancers to develop a more aggressive phenotype facilitating metastatic spread.8 As
cigarette smoking is potently tumorigenic, it was also associated with increased risk of
cancer recurrence and particularly second tobacco-related primary cancers.®-1% Smoking
during treatment may also alter cancer drug metabolism, leading to reduced overall and
progression-free survival among ovarian cancer patients receiving adjuvant or neoadjuvant
chemotherapy.1! Interestingly several studies, including ours, showed that former smoking
(and remaining a former smoker after diagnosis) was also associated with an increased risk
of mortality.16:17 |_ong duration and high smoking frequency are associated with the
development of venous thrombosis, even among former smokers.12 Thrombosis is common
among ovarian cancer patients and adversely impacted survival.29 Moreover, ever smokers
are more likely to have additional lifestyle risk factors (e.g., alcohol drinking, less healthy
diet, excessive weight and physical inactivity), which in themselves may have a negative
influence on survival.30:31

Conversely, smoking cessation, either before or after cancer diagnosis, reduces tumor
recurrence in multiple cancers®8 and ultimately improves prognosis.19 Previous studies
found that continuing smokers had worse overall or disease-free survival compared to those
quitting smoking around the time of diagnosis among patients with lung cancer,32 bladder
cancer33 or a mixture of multiple cancers.3* However, no study has investigated smoking
cessation and ovarian cancer survival. In our study, compared to never smokers, cases that
continued to smoke but not those who quit smoking near their diagnosis, had higher risk of
ovarian cancer death and total death. However, the finding for smoking cessation was based
on relatively few cases and given that we observed increased mortality for women who
remained former smokers, these results should be interpreted with caution and evaluated in
larger studies. However, these results support the importance of implementation of smoking
cessation programs, even in those cancers not traditionally considered to be tobacco related.
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It is also noteworthy that the association between prediagnosis smoking and mortality was
primarily observed among women with BMI less than 25 kg/m?, although the same was not
seen for postdiagnosis heavy smokers. Consistent with our results, two prospective cohort
studies observed significantly higher mortality for current and former smokers who were
underweight, 3538 while multiplicative joint effects on mortality were seen in another large
cohort study.3” Smokers tend to have a lower BMI than nonsmokers, in part due to
suppressed appetite.38:39 |t is possible that leaner smokers may have a higher effective dose
of smoking-related toxins, leading to a stronger association in the prediagnosis period.
Further, given that weight loss and cachexia can occur in ovarian cancer patients, 0 it is
possible that overweight and obesity may confer a survival advantage and postpone the
phase of cachexia, which may be potentiated by smoking.4142

NSAIDs usage after ovarian cancer diagnosis, but not prediagnosis use, was previously
found to be associated with significantly improved survival by our group.2* In the present
study, we noted the hazard of death among former and current moderate smokers was not
elevated among women using NSAIDs. This suggests that the adverse effect caused by
moderate, but not heavy, smoking may be partly mitigated by NSAID use, although this
novel finding requires replication. The main mechanism of this finding may due to the anti-
inflammatory properties of NSAIDs by blocking the production of proinflammatory
prostaglandins through inhibition of COX-2.43 Notably, studies suggest that smoking can
increase COX-2 production in esophageal tissue and airway epithelia,**4° although whether
this extends to the ovary is unknown. Simultaneously, the antiplatelet effects of aspirin may
prevent venous thrombosis,*647 which is increased by smoking.

Our study has several limitations. Information on cigarette smoking was self-reported. It was
found that nearly 10% of current smokers may categorize themselves as never or former
smokers due to social desirability bias, which may underestimate the true association with
current smoking.1148 However, the prospective setting and repeated reports by biennial
follow-up questionnaires in our study improve confidence in our self-reported data. Future
studies should use cotinine measures to offer objective verification of smoking status. It is
possible that prediagnosis smoking status was influenced by early ovarian cancer symptoms.
However, secondary analyses using exposures reported at least 4 years prior to ovarian
cancer diagnosis or excluding women with comorbidities did not alter the results, suggesting
that reverse causation does not explain current findings. Although we adjusted for calendar
year of diagnosis to account for possible changes in cancer treatment over time and
deviation from proportional hazards was not detected, we were unable to evaluate potential
confounding by cancer treatment or debulking status, which has been observed in prior
study.11 Additionally, while we had well over 1,000 cases, there was inadequate power to
conduct more detailed histology-specific analyses, especially for mucinous ovarian cancer
(49 and 42 cases in prediagnosis and post-diagnosis analyses, respectively), for which
cigarette smoking is an established risk factor.26:27 When we excluded mucinous tumor
patients, the results were similar. Selection bias could have affected the results if women
who died early and were not included in the postdiagnosis analysis, were more likely to
smoke. But the distribution of smoking status was almost identical among women in the
prediagnosis and postdiagnosis smoking analytic populations, in part due to the high
response rates in this cohort, suggesting that selection bias did not substantially influence the
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results. Finally, our study population comprised of registered nurses and included few
nonwhite women, which affects the generalizability of our findings.

Strengths of our study include its prospective design, long follow-up for death
ascertainment, availability of cause-of-death information, and detailed biennially-updated
data on cigarette use. To the best of our knowledge, our study includes the largest number of
prospectively ascertained ovarian cancer patients to examine the influence of cigarette
smoking both before and after diagnosis, as well as quitting smoking after diagnosis, on
survival among all patients as well as by histologic subtype.

In conclusion, this large prospective study provides evidence that smoking both before and
after ovarian cancer diagnosis is associated with worse prognosis. Our study also suggests
that patients who continue smoking after diagnosis have an increased risk of death. If our
findings are confirmed by other studies, it may support inclusion of smoking in prognostic
models to predict outcome of ovarian cancer as well as future studies of the effectiveness of
adding structured smoking cessation programs in standard clinical management of ovarian
cancer patients. Further investigations are required to confirm these findings, better
understand potential modifying factors (e.g., NSAID use, BMI), and define underlying
molecular mechanisms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What’s new?

Tobacco smoking prior to diagnosis of ovarian cancer is associated with worse patient
outcome. Little is known, however, about the impact of smoking postdiagnosis on ovarian
cancer survival, or whether the affect of smoking on mortality differs by histological
subtype. In this study, postdiagnosis smoking was found to be associated with worse
ovarian cancer survival, particularly for women who smoked 15 or more cigarettes per
day and for women who had smoked for at least 20 years. Mortality was elevated
especially among smokers with high-grade serous or poorly differentiated tumors.
Additional investigation is needed to identify factors underlying these associations.
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1,866 confirmed ovarian cancer cases
1,441 from NHS
425 from NHSII

587 excluded

37 died within 1 month of diagnosis (NHS 34, NHSII 3)

177 borderline cancer (NHS 114, NHSII 63)

162 stage IV cancer (NHS 133, NHSII 29)

132 missing stage (NHS 111, NHSII 21)

68 non epithelial cancer (NHS 41, NHSII 27)

11 missing data on both prediagnosis and postdiagnosis smoking
information (NHS 10, NHSII 1)

1,279 cases included in analysis
998 from NHS
281 from NHSII

v

1,274 included in prediagnosis analysis
993 from NHS
281 from NHSII

1,138 included in postdiagnosis analysis
858 from NHS
275 from NHSII

Figure 1.
Study participant flow chart in the NHS and NHSII. Abbreviations: NHS, Nurses’ Health

Study; NHSII, Nurses’ Health Study I1.
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