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Abstract
Objectives—To determine whether smokers with cervical cancer were more likely to die from
cervical cancer compared with non smokers after adjusting for confounding factors.

Methods—A population-based survival analysis was conducted among 2661 women diagnosed
with invasive cervical cancer and reported to the Kentucky Cancer Registry from 1995-2005 and
linked with state vital records and the National Death Index through 12/31/2005. A standard Kaplan
– Meier approach was used in this survival analysis and Cox Proportional Hazards modeling was
used to estimate adjusted hazard [aHR] ratios and 95% confidence intervals [CI] for smoking and
survival for all cause and cervical cancer specific cause of death.

Results—Almost half of women diagnosed with cervical cancer (48.6%) were known to be current
smokers based the medical record review and reporting to KCR. For another 19.4% no tobacco status
was documented (missing) and 32.1% were known non smokers. After adjustment for age and stage
at diagnosis, cell type, rural residence, race, insurance coverage, and treatment received, current
smoker were 35% more likely to die of any cause (aHR = 1.35; 95% CI = 1.17-1.56) and 21% more
likely to die of cervical cancer (aHR = 1.21; 95% CI = 1.01-1.46) compared with known non smoking
cases.

Conclusion—These data strongly suggest that smoking reduces cervical cancer survival.

Introduction
Smoking, particularly in combination with high risk HPV types, is etiologically linked to pre-
invasive and invasive cancer [1-4]. An emerging literature suggests that smoking may be linked
to greater cervical cancer mortality in 3 [5-7] of 5 survival analyses [5-9]. Smoking may interact
with high risk HPV types to negatively affect survival. One recent study found that smokers
with cervical cancer who were also HPV 18 or 45 positive were four times more likely to die
of cervical cancer[8]. Serur [7] found that while smoking was associated with poorer survival
among 331 cervical cancer cancers, this association was no longer statistically significant after
adjustment for alcohol and drug use. With one exception [6], the studies addressing smoking
and cervical cancer prognosis have been relatively small (n<350) and based on clinical samples
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of women receiving treatment for this disease. Using the population-based Kentucky Cancer
Registry (KCR), which is one of few that also collects data on current smoking, we
hypothesized that smokers with cervical cancer would be more likely to die from cervical
cancer compared with non smokers after adjusting for age and stage at diagnosis, cell type,
rural residence, race, insurance coverage, and treatment received. This is the first population-
based survival analysis of smoking and cervical cancer reported for women living in the US.

Methods
Study population and data sources

We conducted a population-based survival analysis among 2661 women diagnosed with
invasive cervical cancer and reported to the KCR, a state wide population based registry funded
by National Cancer Institute's Surveillance Epidemiology and End Results (SEER) program
and the Centers for Disease Control and Prevention's National Program of Cancer Registries.
The KCR is mandated by legislation passed by the General Assembly in 1990 to record all
cases of cancer in the Commonwealth (with the exception of non-melanoma skin cancer). KCR
has received gold certification from the North American Association of Central Cancer
Registries every year since the formal certification was established, and has over 99% case
ascertainment.

We included all invasive cervical cancers reported to KCR from 1995-2005. These dates were
selected to include all available cases for survival analyses. KCR maintains active surveillance
of case status using linkages with state vital records and the National Death Index. Survival
time was calculated using the date of diagnosis and date of death for those deceased. Follow-
up time for those still alive at the time of this linkage was calculated using the date of diagnosis
and date of last follow-up (12/31/2005). Cases identified by death certificate only were
excluded. A standard Kaplan – Meier approach was used in this analysis. Survival follow-up
times ranged from 1 – 4503 days. Only primary site invasive cervical cancer cases (ICD-0-3
codes C53.0, C53.1, C53.8, and C53.9 were included in this analysis; the following histology
codes were excluded: 9590-9989 (Lymphoma), 9050-9055 (mesothelioma), and 9140 (kaposi
sarcoma). Death rates were calculated as the number of deaths divided by 10,000 woman-days
of follow up. The Institutional Review Board of the University of Kentucky approved the study
protocol.

Smoking status
Data to characterize current tobacco exposure was available from KCR; no information on
previous tobacco exposure was available. Categories included cigarette smokers, other tobacco
exposure, unknown status, and no tobacco exposure. Because the majority of tobacco exposed
women were cigarette smokers (99.1%: 1280 of 1292), we combined the 12 women exposed
to other forms of tobacco with cigarette smokers (hereafter smokers). Tobacco exposure was
unknown for 515 (19.4%) cases. Because we did not wish to exclude this large proportion of
cases from analyses, we retained this group by creating an indicator variable for those with
unknown tobacco exposure. Two exposure groups: unknown smokers and smokers were
compared with non smokers (n=854). No data are available to describe duration or exposure
dose such as pack years of smoking.

Demographic attributes
Additional data from the KCR, originally abstracted from medical records, were used to define
age at diagnosis, race/ethnicity, stage at diagnosis, cancer cell type, insurance payor source,
rural residence, and treatment received. Race/ethnicity was classified using both race and
Spanish/ Hispanic origin and grouped as non-Hispanic White versus all other race/ethnic
groupings. KCR utilizes the SEER summary staging guide. Localized stage correspond to
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FIGO stages IA1, IA2 (excludes carcinoma in situ), regional stage (IB1 and IB2) corresponded
with FIGO stages IIA and IIB, and distant disease corresponded with FIGO stages IIIA, IIIB,
IVA and IVB [10]. A separate indicator variable was used to group those reported with
unknown or unstageable disease. Cervical cancer cell types were grouped non-squamous or
squamous as the reference group due to established differences in cancer prognosis. Health
insurance coverage was grouped for this analysis as private health insurance (including HMO,
PPOs, or other private insurance), governmental forms of insurance (e.g. Medicaid, Medicare,
TRICARE, Military, or Public Health Service), unknown insurance status, and no insurance
or self pay. Beale Codes, published by the US Department of Agriculture, which classify
counties as being more urban or more rural, were used to categorize residence at time of
diagnosis. Residence in a metro area was defined to include those living in metropolitan
counties with populations ranging from less than 250,000 to 1 million. Urban was defined as
non-metropolitan areas with populations of at least 2,500. Finally, rural areas were non-
metropolitan areas with populations less than 2,500.

Treatment received was available from KCR and included: surgery, chemotherapy, radiation
therapy, hormonal therapy, immunotherapy, or other therapy (not specified). Neither the date
of therapy, the number of treatments, nor specific therapies were detailed in KCR records.
Treatment received was grouped into the following categories which are in general consistent
with stage specific treatment recommendation: surgery alone (localized disease), surgery and
either chemotherapy, radiation, or other therapy (regional disease), and other therapy yet no
surgery (distant). The referent group included those with no treatment or unknown treatment
information.

Statistical Analysis
Unadjusted multinomial logistic regression was used to determine demographic and other
correlates of known current smokers and unknown tobacco exposure, relative to known non-
smokers. Cox proportional hazards modeling was used to estimate the relative rate of dying
from any cause as well as cervical cancer. This multivariate survival model was used to examine
the relationship between survival time and predictor variables while controlling for
sociodemographic factors, cell type, stage and treatment. No assumptions were made about
the nature or shape of the hazard function. Finally, we evaluated the effect of smoking on
survival by stage at diagnoses for cervical cancer specific mortality and all cause mortality.
All data were analyzed using STATA version 9.

Results
Demographic attributes of women diagnosed with cervical cancer and reported to the KCR
from 1995-2005 are reported in Table 1. Briefly, the mean age at diagnosis for cervical cancer
cases included in this analysis was 50.5 years. The majority of cases were non-Hispanic White
women (88.7%) who lived in metropolitan areas (53.1%). The majority of all women diagnosed
with cervical cancer had some insurance (41.2% private and 40.4% governmental). Almost
half of women diagnosed with cervical cancer (48.6%) were known to be current smokers. For
another 19.4% no tobacco status was documented and 32.1% were known non-smokers. The
vast majority of cases (80%) had squamous cell carcinoma of the cervix. More than half of the
sample were diagnosed with localized disease yet 7.9% had unknown or unstageable disease.
Finally, the majority of cases received surgery alone (34.2%) (Table 1).

Relative to non-smokers, current smokers were younger, more likely to live in metropolitan
areas, to have governmental or no health insurance, to have squamous cell disease, to be
diagnosed with regional relative to localized disease, and to receive other therapy excluding
surgery (Table 2). Those missing tobacco exposure data were more likely to be missing other
data elements.
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Tables 3 and 4 display hazard ratios for all cause and cervical cancer specific mortality using
a multivariate model adjusting for confounders. Ethnicity, rural residence and cell type were
not associated with all cause survival; however, insurance, stage, and treatment were associated
with mortality rates. Women who were current smokers were 35% more likely to die of any
cause (aHR = 1.35; 95% CI = 1.17-1.56) and 21% more likely to die of cervical cancer (aHR
= 1.21; 95% CI = 1.01-1.46) compared with known non smoking cases. Unknown tobacco
exposure was not associated with a survival difference (Table 3).

When examining cervical cancer specific survival by stage at diagnosis, both ethnicity and
insurance were associated with mortality rates in women diagnosed in late/regional stages,
while cell type was associated with rates in early stage disease. Current smoking was associated
with a 23% increased risk of dying from cervical cancer (aHR = 1.23; 95% CI = 1.00-1.53)
among those diagnosed beyond localized disease (Table 4). This same pattern was also
observed for all cause mortality (aHR = 1.38; 95% CI = 1.15-1.65) data not shown.

Discussion
Findings from this population-based study of smoking and decreased cervical cancer survival
are consistent with three of five studies to explore this association [5-7]. While smoking was
associated with both all cause (35% increase in mortality) and cervical cancer specific mortality
(21% increase in mortality), the association was stronger for all cause mortality. In contrast
with Wright [8] we did not have data to characterize the observed interactive effect of smoking
and HPV on poorer cervical cancer survival. Further, in contrast with Serur [7], we lacked data
to describe alcohol and drug use as confounders for the smoking and survival association.

Why might smoking influence cervical cancer survival? Smoking is well known to be
associated with poorer cardiovascular health; thus smokers with cervical cancer may be more
likely to die from other smoking associated conditions or these conditions may influence
treatment success. Unfortunately we lacked data to describe comorbid conditions by smoking
status. Other factors including alcohol use, drug use and SES were factors that were not
controlled for in this analysis. However, the use of other demographic factors such as rural
residence and payor source may be surrogate markers for SES.

Smoking may result in a more aggressive form of cervical cancer. As reported by Serur [7],
we also observed that smokers were younger at cervical cancer diagnosis than were non
smokers. Smoking has been associated with earlier onset of HGSIL/SCC (p<0.01) [11] and
has been linked to more rapid development of CIN 3 among HPV+ women [12]. Taken
together, these data suggest that smoking may result in a more aggressive disease, particularly
if HPV 18 or 45 is also present [8]. Smoking may influence treatment options and/or treatment
effectiveness. Kucera [6] noted that smoking was associated with having more side effects of
primary irradiation (p<0.01) compared with non smokers. We noted no difference in smoking
status and treatment received within stage, yet we lack information on side effects of treatment
received or treatment effectiveness.

From a prevention perspective, determining whether smoking cessation improves survival
outcomes for women with cervical cancer is important. Smoking cessation has been shown to
improve outcomes ranging from cancer to cardiovascular disease survival. Among female ever
smokers diagnosed with lung cancer, former smokers experienced a 15% risk reduction for
mortality per 10 years of smoking abstinence compared with current smokers [13]. Smoking
cessation at cervical cancer diagnosis may benefit patients by changing treatment options and
possibly improving survival or quality of life.
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Strengths and Weaknesses of the Study
This is the first large population-based study of smoking and cervical cancer survival. Use of
a population-based cancer registry rather than a clinic or hospital based sample allows a more
complete look at all women diagnosed with cervical cancer whom are seeking care. Data to
characterized treatment was abstracted from medical records by hospital-based tumor registrars
who provided these data to the Kentucky Cancer Registry. The most recent CDC audit [14]
showed a 95.1% overall accuracy rate for KCR data and an internal audit of treatment data
found accuracy rate of 94.1% [15]. The use of individual level health insurance as an indicator
of socioeconomic status (SES) is a strength relative to prior analyses using Census data as a
proxy for SES [16-17]. The availability of 11 years of incidence data resulted in a large sample
size (N=2661) which provided good study power.

While we had data to characterize current smoking status, we do not have measures of smoking
duration, number of cigarette smoked per day, or former smoking status. Thus we cannot
evaluate a possible dose response relationship of smoking and survival. Missing data is always
a limitation of analyses based on existing records. In these data, 8% were missing stage at
diagnosis, 9.3% were missing insurance status, and 19.4% were missing smoking status.
Understandably those missing on stage were more likely to be missing on treatment as well as
smoking status. We did not observe a pattern by which missing smoking data was more
common by year of diagnosis (p=0.08), patient age (p= 0.62), or rural residence (p=0.33).

Conclusions
Data presented here supports that current tobacco use is associated with increased all cause
and cervical cancer specific mortality. Kentucky has the highest current smoking rate in US at
26% and the lowest proportion quitting smoking among ever smokers at 42.5% [18]. Kentucky
also has high cervical cancer incidence rates [19]. In concert with high risk HPV, smoking is
an established cause of cervical cancer. Additional efforts at both smoking prevention and
cessation could decrease cervical cancer mortality.
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Table 1
Demographics of KCR sample of women diagnosed with cervical cancer, 1995-2005

Demographic attribute N= 2661

Mean age of cases 50.5 ± 16.2

Ethnicity # (%)

 White 2359 (88.7%)

 Non white 302 (11.3%)

Rural residence*

 Metro 1413 (53.1%)

 Suburban 982 (36.9%)

 Rural 266 (10.0%)

Payor source

 Private Insurance 1096 (41.2%)

 Government insurance 1074 (40.4%)

 Unknown 247 (9.3%)

 No insurance / self pay 244 (9.2%)

Smoking status

 Smoker 1280 (48.0%)

 Other tobacco user 12 (0.5%)

 Unknown tobacco exposure 515 (19.4)

 Non smoker 854 (32.1%)

Cervical cancer cell type

 Squamous 2126 (78.9%)

 Non squamous 535 (20.1)

Stage

 Localized 1393 (52.4%)

 Regional 806 (30.3%)

 Distant 251 (9.4%)

 Unknown 211 (7.9%)

Treatment received (comprehensive)

 No treatment / unknown treatment 231 (8.7%)

 Surgery alone 909 (34.2%)

 Surgery + other treatment† 541 (20.3%)

 Other treatment†, no surgery 980 (36.8%)

*
Rural residence defined using Beale codes: Metro, codes 1-3; Suburban, codes 4-7, Rural, codes 8-9.

†
Other treatment includes chemotherapy, radiation, hormone and/or other therapy.
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Table 2
Demographics, stage and treatment received by smoking status

Known Non-smoker
# (%) (REF)

Known Current Smoker #
(%)p-value*

Unknown tobacco status #
(%)p-value*

N=854 N= 1292 N= 515

Age (mean age, STD) 51.9 ±17.6 49.3 ±14.2 p<0.001 50.8 ±18.1 p=0.24

Ethnicity

 White 764 (89.5%) 1164 (90.1%) 431 (83.7%)

 Non white 90 (10.5%) 128 (9.9%) p=0.64 84 (16.3%) p=0.002

Rural residence†

 Metro 429 (50.2%) 717 (55.5%) 267 (51.8%)

 Urban 339 (39.7%) 443 (34.3%) 200 (38.8%)

 Rural 86 (10.1%) 132 (10.2%) 48 (9.3%)

 p for trend p= 0.03 p=0.82

Payor source

 Private Insurance 396 (46.4%) 509 (39.4%) 191 (37.1%)

 Government insurance 338 (39.6%) 586 (45.4%) p=0.002 150 (29.1%) p=0.53

 Unknown 49 (5.7%) 49 (3.8%) p=0.24 149 (28.9%)p<0.001

 No insurance / self pay 71 (8.3%) 148 (11.5%) p= 0.002 25 (4.9%) p=0.20

Cervical cancer cell type

 Squamous 621 (72.7%) 1104 (85.4%) 401 (77.9%)

 Non squamous 233 (27.3%) 188 (14.6%) p<0.001 114 (22.1%) p=0.03

Stage at diagnosis

 Localized 480 (56.2%) 650 (50.3%) 263 (51.1%)

 Regional 243 (28.4%) 462 (35.8%) 101 (19.6%)

 Distant 82 (9.6%) 134 (10.4%) 35 (6.8%)

 Unknown 49 (5.7%) 46 (3.5%) 116 (22.5%)

 p for trend p<0.001 p<0.001

Treatment received (comprehensive)

 No treatment / unknown treatment 49 (5.7%) 49 (3.8%) 133 (25.8%)

 Surgery alone 317 (37.1%) 404 (31.3%) p=0.26 188 (36.5%) p<0.001

 Surgery + other treatment* 188 (22.0%) 274 (21.2%) p=0.09 79 (15.3%)p<0.001

 Other treatment*, no surgery 300 (35.1%) 565 (43.7%) p=0.003 115 (22.3%)p<0.001

*
Chi Square p value, non-tobacco user is the referent.

†
Rural residence defined using Beale codes: Metro, codes 1-3; Suburban, codes 4-7, Rural, codes 8-9.

REF = Referent group to whom the (a) known current smokers and (b) unknown tobacco status (missing) groups are compared to each demographic or
cancer attributes.
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Table 3
Survival analysis: Smoking, all cause, and cervical cancer specific mortality

All Cause Mortality N=2661 Cervical Cancer Mortality N=2661

Death rate (#) * Adjusted HR† Death rate (#)* Adjusted HR†

Smoking status

 Known Non smoker 1.9 (305) 1.0 REF 1.2 (189) 1.0 REF

 Known Current Smoker 2.4 (537) 1.35 (1.17-1.56) 1.5 (339) 1.21 (1.01-1.46)

 Unknown tobacco status 1.7 (168) 0.92 (0.75-1.13) 1.1 (111) 0.97 (0.75-1.26)

Age 2.1 (1010) 1.03 (1.02-1.03) 1.3 (639) 1.01 (1.00-1.02)

Ethnicity

 White 2.1 (892) 1.0 REF 1.3 (555) 1.0 REF

 Non-White 2.1 (118) 1.02 (0.83-1.25) 1.5 (84) 1.06 (0.83-1.35)

Rural residence‡

 Metro 2.0 (520) 1.0 REF 1.3 (352) 1.0 REF

 Suburb 2.2 (391) 0.94 (0.82-1.08) 1.3 (235) 0.86 (0.72-1.02)

 Rural 2.1 (99) 0.99 (0.80-1.24) 1.1 (52) 0.79 (0.59-1.06)

Payor source

 Private Insurance 1.2 (276) 1.0 REF 0.8 (193) 1.0 REF

 Government insurance 3.3 (553) 1.28 (1.09-1.51) 1.8 (310) 1.23 (1.00-1.50)

 Unknown 1.9 (91) 1.05 (0.80-1.40) 1.4 (64) 1.07 (0.76-1.51)

 No insurance / self pay 2.1 (90) 1.30 (1.02-1.65) 1.7 (72) 1.40 (1.07-1.84)

Cervical cancer cell type

 Squamous 2.1 (829) 1.0 REF 1.3 (521) 1.0 REF

 Non squamous 1.8 (181) 1.05 (0.89-1.24) 1.2 (118) 1.09 (0.88-1.34)

Stage at Diagnosis

 Localized 0.8 (245) 1.0 REF 0.3 (110) 1.0 REF

 Regional 4.0 (455) 2.19 (1.83-2.62) 2.6 (229) 2.86 (2.24-3.64)

 Distant 13.4 (207) 6.20 (5.03-7.64) 10.5 (162) 8.73 (6.68-11.41)

 Unknown 2.8 (103) 1.56 (1.18-2.05) 1.9 (68) 2.07 (1.44-2.97)

Treatment received

 No / unknown treatment 4.0 (138) 1.0 REF 2.5 (86) 1.0 REF

 Surgery alone 0.4 (84) 0.16 (0.12-0.23) 0.1 (24) 0.08 (0.05-0.14)

 Surgery + other treatment* 2.1 (215) 0.45 (0.35-0.59) 1.4 (141) 0.48 (0.34-0.67)

 Other treatment*, no surgery 4.4 (573) 0.54 (0.43-0.70) 3.0 (388) 0.56 (0.41-0.77)

*
Death rate is deaths per 10,000 woman days.

†
Adjusting for age (continuous), smoking status, ethnicity, rural residence, payor source, cell type, stage, and treatment received.

‡
Rural residence defined using Beale codes: Metro, codes 1-3; Suburban, codes 4-7, Rural, codes 8-9.
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Table 4
Survival analysis: Smoking and cervical cancer specific mortality by stage

Cervical Cancer Mortality (other deaths in denom)

Localized Disease, N=1393 Regional / Distant Disease, N=1057

Death rate* (#) Adjusted HR† Death rate* (#) Adjusted HR†

Smoking status

 Known Non smoker 0.3 (39) 1.0 REF 3.2 (136) 1.0 REF

 Known Current Smoker 0.3 (50) 0.88 (0.57-1.35) 3.9 (271) 1.23 (1.00-1.53)

 Unknown tobacco status 0.4 (21) 1.21 (0.68-2.15) 3.1 (54) 0.98 (0.71-1.36)

Age 0.3 (110) 1.00 (0.98-1.01) 3.6 (461) 1.01 (1.00-1.02)

Ethnicity

 White 0.4 (103) 1.0 REF 3.4 (398) 1.0 REF

 Non-White 0.2 (7) 0.51 (0.28-1.55) 5.6 (63) 1.45 (1.10-1.92)

Rural residence‡

 Metro 0.3 (60) 1.0 REF 3.8 (252) 1.0 REF

 Suburb 0.4 (44) 0.86 (0.58-1.28) 3.3 (167) 0.82 (0.66-1.01)

 Rural 0.2 (6) 0.47 (0.20-1.11) 3.4 (42) 0.85 (0.61-1.19)

Payor source

 Private Insurance 0.2 (40) 1.0 REF 2.8 (143) 1.0 REF

 Government insurance 0.5 (47) 1.51 (0.95-2.39) 3.8 (234) 1.13 (0.89-1.42)

 Unknown 0.5 (11) 1.57 (0.72-3.45) 6.7 (29) 1.86 (1.23-2.81)

 No insurance / self pay 0.4 (12) 1.66 (0.85-3.23) 4.8 (55) 1.47 (1.07-2.01)

Cervical cancer cell type

 Squamous 0.3 (80) 1.0 REF 3.6 (388) 1.0 REF

 Non squamous 0.4 (30) 1.56 (1.00-2.43) 3.3 (73) 1.06 (0.82-1.37)

Treatment received

 No / unknown treatment 0.5 (6) 1.0 REF 15.6 (43) 1.0 REF

 Surgery alone 0.04 (9) 0.13 (0.04-0.42) 1.7 (11) 0.13 (0.07-0.25)

 Surgery + other treatment* 0.7 (43) 1.97 (0.70-5.55) 2.6 (87) 0.17 (0.11-0.24)

 Other treatment*, no surgery 1.4 (52) 3.83 (1.37-10.74) 3.7 (320) 0.21 (0.15-0.30)

*
Death rate is deaths per 10,000 woman days.

†
Adjusting for age (continuous, smoking status, ethnicity, rural residence, payor source, cell type, and treatment received.

‡
Rural residence defined using Beale codes: Metro, codes 1-3; Suburban, codes 4-7, Rural, codes 8-9.

REF = Referent group
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