
ORIGINAL PAPER

Cigarette smoking and prostate cancer-specific mortality
following diagnosis in middle-aged men

Zhihong Gong Æ Ilir Agalliu Æ Daniel W. Lin Æ
Janet L. Stanford Æ Alan R. Kristal

Received: 11 June 2007 / Accepted: 30 August 2007 / Published online: 30 September 2007

� Springer Science+Business Media B.V. 2007

Abstract

Objective The aim of this study was to examine associ-

ations of smoking at the time of diagnosis with the risk of

prostate cancer death in a population-based cohort of men

with prostate cancer.

Methods Data were from 752 prostate cancer patients

aged 40–64 years, who were enrolled in a case–control

study and under long-term follow-up for mortality. Cox

proportional hazards models were used to estimate hazard

ratios (HR) and 95% confidence intervals (CI) for associ-

ations between smoking and prostate cancer-specific and

other cause mortality.

Results Compared to never smoking, smoking at the time

of diagnosis was associated with a significant increase in

risk of prostate cancer-specific mortality. After controlling

for demographic characteristics, Gleason grade, stage at

diagnosis, and primary treatment, the HR was 2.66 (95%

CI: 1.10–6.43).

Conclusions Smoking at the time of diagnosis, indepen-

dent of key clinical prognostic factors, is associated with an

increased risk of prostate cancer death.

Keywords Cigarette smoking �
Prostate cancer-specific mortality � Cancer outcomes

Introduction

Many epidemiological studies have examined the associa-

tion between smoking and prostate cancer incidence and

found, overall, that smoking does not increase prostate

cancer risk [1]. However, at least seven large cohort studies

have reported that smoking at the time of study entry

increased the risk of prostate cancer death [2–8]. These

seemingly discordant findings could be due to an associa-

tion of smoking with higher grade or more advanced stage

disease at the time of diagnosis [9, 10], or could also be

attributable to effects of smoking on the outcome of

prostate cancer following its initial diagnosis and treat-

ment. Only six studies [11–16], with inconsistent findings,

have examined the association of smoking at the time of

diagnosis with prostate cancer outcomes. Three of such

studies are limited to cohorts of men treated with radiation

therapy [11, 12] or with advanced prostate cancer receiving

androgen deprivation therapy (ADT) [13]. Two other

studies only included men diagnosed at a single medical

center and the follow-up period was short [14, 15]. One

study has examined smoking and prostate cancer outcomes

among men receiving radical prostatectomy, which is the

treatment most often used for relatively healthy, younger

men with local stage disease, but this study was small and

analyses were not fully controlled for covariates [16].

Thus, current research is far too limited to draw conclu-

sions regarding the effects of smoking on prostate cancer

outcomes.

In this study, we address whether smoking, both at and

prior to the time of diagnosis, affects subsequent risk of
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prostate cancer death. Unlike previous studies, our sample

is population-based and thus includes men who were

diagnosed with all grades and stages of the disease and who

received a range of initial treatments. Results from this

study are relevant to the question of whether smoking

cessation after prostate cancer diagnosis could improve

survival.

Materials and methods

Study participants and data collection

Study participants were 752 newly diagnosed prostate

cancer patients who were enrolled in a population-based

case–control study. Details on the design of this study have

been described previously [17]. Briefly, eligible partici-

pants were Caucasian and African-American male

residents of King County (Seattle) Washington, ages 40–

64 years, who were newly diagnosed with histologically-

confirmed prostate cancer from 1 January 1993 through 31

December 1996. All cases were identified through the

Seattle-Puget Sound SEER cancer registry and included all

patients aged 40–59 years and a random 75% sample of

whites aged 60–64 years at diagnosis.

All study participants provided informed consent for

participation. Participants completed a structured in-person

interview conducted by trained male interviewers. Detailed

information was collected on demographic (e.g., age, race,

and education) and lifestyle characteristics, anthropometry

(height, weight), family history of prostate cancer, and

medical and prostate cancer screening histories. A detailed

lifetime smoking history prior to the cancer diagnosis date

was collected, which included ages at onset and cessation,

duration, and dose of cigarette smoking. Tumors were

graded using the Gleason scoring system [18], and classi-

fied into 2–6, 7 with a primary pattern of 3 (3 + 4), and 7

with a primary pattern of 4 (4 + 3) or 8–10. The 7 (3 + 4)

category included 22 patients with a Gleason score of 7 but

unknown predominant grades. Cancer stage was defined by

SEER as localized (Stages A and B, confined to the pros-

tate), regional (Stage C, regional spread outside the

prostatic capsule), and distant (Stage D, metastases) using

pathological data for men undergoing radical prostatecto-

my and clinical information for all others [19]. The patient

cohort is linked to the SEER database quarterly to ascertain

vital status and underlying cause of death if deceased.

Endpoints

Two mortality endpoints were examined: prostate cancer-

specific and other cause mortality. For patients who died,

the primary cause of death was determined through the

SEER registry, which obtains mortality data from the state

of Washington, and verified by death certificates. Of the

752 patients in this cohort, 54 died of prostate cancer and

81 died of other causes.

Statistical analysis

Unadjusted prostate cancer-specific and other cause mor-

tality rates were calculated by dividing the number of

deaths by the corresponding number of person-years of

follow-up. Cox proportional hazard models were used to

estimate hazard ratios (HR) and 95% confidence intervals

(CI) for prostate cancer-specific and other cause mortality

[20]. Survival time, defined as time from diagnosis to

death, was the time-dependent variable used in the analy-

sis. The censoring date for living cases was 1 June 2007,

the most recent date that participants were matched with

the cancer registry database.

All analyses were adjusted for age, race, education,

BMI, total energy and the percentage energy from fat

intake, Gleason score, cancer stage at diagnosis, and pri-

mary treatment. Controlling for other variables including

family history of prostate cancer, PSA level at diagnosis,

alcohol intake, and exercise did not materially affect

parameter estimates and were therefore not included in

final models. Tests for linear trend across categories were

performed by modeling smoking as an ordinal variable in

the model that included the covariates, as described by

Breslow and Day [21].

We also examined the effect of cigarette smoking on

prostate cancer mortality within strata defined by Gleason

score, stage of disease at diagnosis, primary treatment, and

co-morbid conditions, and tested whether effects of

smoking differed across these strata using the likelihood

ratio test.

Results

Table 1 gives the distributions of demographic and clinical

characteristics of study participants and corresponding

unadjusted mortality rates for prostate cancer-specific and

other cause mortality. Most men were Caucasian, had been

diagnosed with localized stage and Gleason score \7

cancer, and were treated with radical prostatectomy. Six-

teen percent of men smoked cigarettes at the time of

diagnosis and 11% had quit within the 10-year period

before diagnosis. Unadjusted prostate cancer-specific

mortality rates were higher among men who were current

smokers, African-Americans, obese, diagnosed with

regional or distant stage disease or treated with radiation or
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Table 1 Demographic, clinical characteristics, and prostate cancer-specific and other cause mortality rates (per 1,000 person-years)

Characteristics Patients (n, %) Person-years Prostate cancer deaths (N = 54) Other deaths (N = 81)

Deaths (n) Rate4/1,000 Deaths (n) Rate4/1,000

Age at diagnosis (years)

40–54 195 (25.9) 2,175 19 8.7 9 4.1a

55–59 257 (34.2) 2,853 17 6.0 30 10.5b

60–64 300 (39.9) 3,291 18 5.5 42 12.8b

Race

Caucasian 704 (93.6) 7,857 47 6.0a 71 9.0a

African-American 48 (6.4) 462 7 15.2b 10 21.6b

Educational level

High school or less 161 (21.4) 1,683 17 10.1a 30 17.8a

Some college 210 (27.9) 2,327 16 6.9a 29 12.5a

College graduate 202 (26.9) 2,277 15 6.6a 9 4.0b

Graduate school 179 (23.8) 2,032 6 3.0b 13 6.4b

Family history of prostate cancer

No 612 (81.4) 6,743 48 7.1 69 10.2

Yes 140 (18.6) 1,576 6 3.8 12 7.6

Smoking

Never smoker 280 (37.2) 3,141 18 5.7a 19 6.0a

Former smoker

Quit ‡10 years 269 (35.8) 3,014 14 4.6a 26 8.6a

Quit \10 years 80 (10.6) 889 7 7.9a 12 13.5b

Current smoker 123 (16.4) 1,275 15 11.8b 24 18.8b

Body mass index (kg/m2)

\25.0 257 (34.2) 2,881 16 5.6a 21 7.3

25.0–29.9 367 (48.8) 4,101 23 5.6a 43 10.5

‡30 128 (17.0) 1,337 15 11.2b 17 12.7

Percent energy from fat (%)

3 £ 29.9 125 (16.6) 1,400 3 2.1a 15 10.7a

30–36.9 181 (24.1) 2,108 13 6.2a 8 3.8b

37–41.9 159 (21.1) 1,780 7 3.9a 19 10.7a

42–59 149 (19.8) 1,612 17 10.5b 21 13.0a

Missing 138 (18.4) 1,419 14 9.9b 18 12.7a

Stage at diagnosis

Local 552 (73.4) 6,294 12 1.9a 55 8.7

Regional 175 (23.3) 1,894 22 11.6b 25 13.2

Distant 25 (3.3) 131 20 152.7c 1 7.6

Gleason score at diagnosis

2–6 460 (61.2) 5,270 7 1.3a 49 9.3

7(3 + 4)1 188 (25.0) 2,076 15 7.2b 22 10.6

7(4 + 3) + 8–10 104 (13.8) 973 32 32.9c 10 10.3

PSA level (ng/ml) at diagnosis

\4.0 94 (12.5) 1,062 2 2.4a 10 9.4

4.0–9.9 378 (50.3) 4,263 10 2.9a 38 8.9

10.0–19.9 108 (14.3) 1,196 9 9.1a 9 7.5

‡20.0 93 (12.4) 894 27 39.4b 13 14.5

Missing 79 (10.5) 9,04 6 8.7a 11 12.2
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ADT, or who had ‡42% energy from fat, a serum PSA

level of 20.0 ng/ml or greater, or a tumor classified as a

Gleason score of 7 (3 + 4) or higher. Other cause mortality

was higher among smokers, but did not differ by Gleason

score, cancer stage, or serum PSA level.

Table 2 gives adjusted hazard ratios for associations of

smoking with risk of prostate cancer-specific and other

cause mortality. As expected, smoking was strongly asso-

ciated with other cause mortality, and it was also strongly

associated with prostate cancer-specific mortality. Com-

pared to never smokers, smokers at the time of diagnosis

had a 2.66 relative hazard of prostate cancer-specific death

(P = 0.03). Overall, there was no significant difference in

risk between never and former smokers. However, after

stratifying men into those who had quit \10 or ‡10 years

before diagnosis, recent quitters had a modest increase in

risk of prostate cancer-specific mortality (HR: 1.48,

P = 0.48), whereas those who had quit 10 or more years

before diagnosis had a decreased risk (HR: 0.45, P = 0.06).

There was an increase in risk of prostate cancer-specific

mortality with increasing total pack-years smoked during

the 10 years preceding diagnosis, but the trend was not

statistically significant (P for trend among smokers at or

within 10 years of diagnosis date was 0.86); results were

similar among the subgroup of men who were smokers at

the time of diagnosis (data not shown).

We also examined associations of smoking with risk of

prostate cancer-specific mortality, stratified by Gleason

score (2–6 or 7 (3 + 4) vs. 7 (4 + 3) or 8–10), stage at

diagnosis (local vs. regional/distant), primary treatment

Table 1 continued

Characteristics Patients (n, %) Person-years Prostate cancer deaths (N = 54) Other deaths (N = 81)

Deaths (n) Rate4/1,000 Deaths (n) Rate4/1,000

Primary treatment

Radical prostatectomy 511 (68.0) 5,958 13 2.2a 42 7.0a

Radiation with or without ADT2 135 (18.0) 1,357 17 12.5b 23 16.9b

ADT only 47 (6.2) 353 23 65.2c 6 17.0b

Watchful waiting/other3 59 (7.8) 650 1 1.5a 10 15.4b

1 Includes Gleason 7 tumors with an unknown primary pattern
2 ADT: Androgen deprivation therapy
3 Includes a total of eight patients with other treatments
4 Rates without the same letter superscript (a, b, c) differ significantly (P \ 0.05)

Table 2 Associations of smoking with risk of prostate cancer-specific and other cause mortality

Factors Prostate cancer-specific death (n = 54) Other causes of death (n = 81)

Deaths (n) HRa (95% CI) HRb (95% CI) Deaths (n) HRa (95% CI) HRb (95% CI)

Smoking status at the time of diagnosis

Never smokers 18 1.00 1.00 19 1.00 1.00

Former smokers

Quit, ‡10 years ago 14 0.83 (0.41–1.66) 0.45 (0.19–1.05) 26 1.37 (0.76–2.48) 1.29 (0.70–2.38)

Quit, \10 years ago 7 1.41 (0.59–3.38) 1.48 (0.50–4.37) 12 2.20 (1.06–4.53) 1.69 (0.81–3.56)

Current smokers 15 2.01 (1.01–3.99) 2.66 (1.10–6.43) 24 3.34 (1.83–6.10) 2.42 (1.24–4.72)

Pack-years of smoking within 10 years of diagnosisc

0 pack-years 32 1.00 1.00 45 1.00 1.00

1–9 pack-years 9 1.81 (0.86–3.79) 2.70 (1.10–6.64) 11 1.66 (0.86–3.21) 1.32 (0.66–2.63)

10–14 pack-years 6 1.34 (0.56–3.22) 2.95 (1.08–8.07) 17 3.03 (1.73–5.31) 2.29 (1.26–4.16)

15+ pack-years 7 3.61 (1.58–8.22) 5.82 (1.96–17.26) 8 2.90 (1.36–6.17) 1.87 (0.81–4.33)

Ptrend 0.006 0.0002 \0.0001 0.01

a Hazard ratio: adjusted for age at diagnosis
b Hazard ratio: adjusted for age at diagnosis, race, education, body mass index, total energy and percent energy from fat intake, Gleason score,

stage at diagnosis, and primary treatment
c Cumulative pack-years of smoking within 10-year period prior to diagnosis date (men with [ 10 pack-years smoked [ 1 pack/day)
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(radical prostatectomy vs. other), and co-morbidity status

(yes vs. none). Associations did not differ significantly

across these strata. However, comparing smokers at the

time of diagnosis to never smokers, hazard ratios for

prostate cancer mortality were larger for men with local

stage disease (HR: 6.28, 95% CI: 1.54–25.58), men

receiving radical prostatectomy (HR: 10.48, 95% CI: 2.0–

55.0), or men without any co-morbid conditions (HR: 5.53,

95% CI: 1.57–19.48). Larger studies will be necessary to

address whether the effect of smoking differs in these

subgroups. We also examined whether study findings could

be confounded by use of secondary treatments, but found

no differences in use of secondary treatments by smoking

status.

Discussion

In this study of men under age 65 when diagnosed with

prostate cancer, smoking at the time of diagnosis was

associated with a 2.66 relative hazard of prostate cancer-

specific death. Men who had quit within the 10 years

before diagnosis had a non-significant 1.48 relative hazard

of prostate cancer-specific death.

Six studies have examined the association of smoking at

the time of diagnosis with risk of prostate cancer death.

Pickles et al. [11] followed 601 men with local stage

cancer receiving external beam radiation treatment for a

median of 59 months and documented 28 prostate cancer

deaths; they reported a non-significant increase (6-year

prostate death rate 10% in smokers vs. 3.7% in former and

non-smokers, P = 0.08) in prostate cancer-specific death.

Pantarotto et al. [12] followed a cohort of 434 men with

local stage prostate cancer receiving external beam radia-

tion treatment for a median of 70 months, documenting 58

deaths; the relative hazards for prostate cancer-specific

mortality were 1.78 (P = 0.18) and 1.39 (P = 0.55) for

previous and current smokers, respectively. Oefelein et al.

followed a cohort of 222 who were diagnosed with meta-

static disease or had developed metastases after previous

treatment for a median of 141 months, documenting 77

deaths; median overall survival time was 38, 47 and

60 months in current, former or never smokers, respec-

tively (P = 0.00001) [13]. Yu et al. reported that ever

smokers had a 1.46 relative hazard for prostate caner-

specific death compared to non-smokers [14]. Daniell fol-

lowed 235 men with non-stage A cancer and documented

57 deaths, the 5-year prostate cancer-specific mortality was

39% in smokers and 17% in nonsmokers (P \ 0.001) [15].

Finally, Jager et al. followed a cohort of 214 men diag-

nosed with regional stage disease for a median of

50 months and documented 47 prostate cancer deaths; they

reported that smokers had a 3.2 relative hazard for prostate

cancer-specific death compared to non-smokers, and found

a similar association among 194 men who received radical

prostatectomy, but these analyses were not controlled for

key covariates such as age [16]. Our study differs from

these studies in several aspects. Our patients were incident

cases identified from a population-based cancer registry,

and included all men regardless of cancer stage or treat-

ment; previous studies included only men receiving

radiation treatment, men with regional stage or metastatic

disease, or men from a single medical cancer. Our study

patients were also younger and our median follow-up

period was longer than in other studies. It is possible that

findings on smoking and prostate cancer outcomes would

have been more uniform across studies if there had been

longer follow-up and less competitive mortality from other

causes.

Our results regarding mortality among men who had

quit smoking before cancer diagnosis are difficult to

interpret. Compared to never smokers, men who stopped

smoking 10 or more years before diagnosis had a lower risk

of prostate cancer-specific mortality after control for

prognostic factors such as grade and stage. The reason for

this result is unclear, but it may be due to confounding by

healthy behaviors associated with quitting smoking when

younger or it could simply be due to chance. Men who

stopped smoking within 10 years of diagnosis had only a

modest, non-significantly increased risk of prostate cancer

death.

Studies evaluating the risk of prostate cancer-specific

mortality are difficult, both because attributing cause of

death to prostate cancer may be biased and because mor-

tality from prostate cancer generally occurs more than a

decade after diagnosis. We carefully considered whether

attribution of death to prostate cancer could be biased by

smoking, because smokers have a higher death rate overall.

If this was true, we would expect a stronger association of

smoking with prostate cancer mortality among men with

other co-morbid conditions. Instead, we found a larger

hazard ratio for prostate cancer-specific mortality among

men reporting no other co-morbid conditions. Our partic-

ipants were also middle-aged at the time of diagnosis (i.e.,

\65 years) and had fewer co-morbid conditions than

would be expected in a random sample of men diagnosed

with prostate cancer given that the median age at diagnosis

is 68 years according to SEER data. Thus, the men in our

sample had longer life expectancies and provided an opti-

mal opportunity to evaluate longer-term outcomes of

prostate cancer patients.

Several mechanisms could explain an association of

smoking with poor prostate cancer outcomes. It is possible

that the phenotype of prostate cancer that develops in a

smoker is more aggressive than in a non-smoker. In this

case, smoking cessation after diagnosis may not affect

Cancer Causes Control (2008) 19:25–31 29
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long-term outcome. Smoking also produces reactive oxy-

gen species, which can increase oxidative stress and

promote the accumulation of somatic mutations in cancer

cells [22–25], and it induces a generalized inflammatory

response, which could contribute to tumor proliferation

[26]. In both of these scenarios, smoking cessation after

diagnosis could reduce tumor aggressiveness. Smoking

may also affect prostate cancer progression through its

effects on sex hormones concentrations. Cigarette smoking

in men is associated with higher levels of total and free

testosterone, dihydrotestosterone, and sex hormone-bind-

ing globulin [27, 28] and lower levels of estradiol [29].

Lastly, smoking may influence prostate cancer outcomes

through suppression of immune response [30, 31]. The long

latency of prostate cancer before diagnosis combined with

our finding that men who smoked at the time of diagnosis

were much more likely to have poor outcomes than men

who had recently quit before diagnosis suggest that

smoking promotes the acquisition of aggressive tumor

characteristics and that cessation could indeed benefit

prostate cancer patients’ survival.

This study has several strengths. First, we evaluated

outcomes in a population-based sample regardless of

treatment or cancer stage. Second, we had a long duration

of follow-up (median duration: 11.5 years) for a total of

752 prostate cancer patients. Finally, cause of death was

obtained from the SEER cancer registry as coded by the

Washington State nosologist and was verified by reviewing

copies of death certificates, which should limit bias due to

other causes of smoking-related death. There are also

several limitations of this study. First, the small number of

African-Americans limits our ability to examine the effect

of smoking in this subgroup that has a higher risk of

prostate cancer mortality. Second, we have no information

about smoking cessation after diagnosis. However, this is

likely a conservative bias if smoking cessation decreases

the risk of prostate cancer death. Finally, in stratified

analyses, the number of deaths in each stratum was small,

limiting the power to test whether associations of smoking

differed by clinical prognostic factors.

Our findings suggest that smoking at the time of diag-

nosis is associated with a substantial increase in the risk of

prostate cancer-specific death, which may explain why

smoking is consistently associated with an increase in risk

of prostate cancer mortality, but not in incidence. Men who

had quit within 10 years of diagnosis may also have a

modestly increased risk of prostate cancer-specific death.

We cannot address directly whether smoking cessation

after diagnosis would improve long-term cancer outcomes.

Nevertheless, the much stronger association in current

smokers compared to recent quitters at the time of diag-

nosis suggests that tobacco exposure may promote the

acquisition of more aggressive tumor phenotypes, and that

cessation could slow such progression after treatment. We

believe it prudent to advise smokers who are diagnosed

with prostate cancer to stop smoking as a means to reduce

their likelihood of death due to prostate cancer.
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