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Abstract
Purpose The purpose of this paper is to present evidence regarding the associations between smoking and the following 
urologic cancers: prostate, bladder, renal, and upper tract urothelial cancer (UTUC).
Methods This is a narrative review. PubMed was queried for evidence-based analyses and trials regarding the associations 
between smoking and prostate, bladder, renal, and UTUC tumors from inception to September 1, 2022. Emphasis was placed 
on articles referenced in national guidelines and protocols.
Results Prostate—multiple studies associate smoking with higher Gleason score, higher tumor stage, and extracapsular 
invasion. Though smoking has not yet been linked to tumorigenesis, there is evidence that it plays a role in biochemical 
recurrence and cancer-specific mortality. Bladder—smoking is strongly associated with bladder cancer, likely due to DNA 
damage from the release of carcinogenic compounds. Additionally, smoking has been linked to increased cancer-specific 
mortality and higher risk of tumor recurrence. Renal—smoking tobacco has been associated with tumorigenesis, higher tumor 
grade and stage, poorer mortality rates, and a greater risk of tumor recurrence. UTUC—tumorigenesis has been associated 
with smoking tobacco. Additionally, more advanced disease, higher stage, lymph node metastases, poorer survival outcomes, 
and tumor recurrence have been linked to smoking.
Conclusion Smoking has been shown to significantly affect most urologic cancers and has been associated with more aggres-
sive disease, poorer outcomes, and tumor recurrence. The role of smoking cessation is still unclear, but appears to provide 
some protective effect. Urologists have an opportunity to engage in primary prevention by encouraging cessation practices.
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Introduction

The association between smoking tobacco and urologic can-
cers has been extensively studied. While it is well known 
that smoking is among the leading predisposing factors for 
bladder cancer, prostate cancer, renal cancer, and upper 
tract urothelial cancer (UTUC) [1–4], the impact of smok-
ing tobacco can be manifold as it may affect several stages 
in cancer therapy. In addition to tumorigenesis, smoking 
may also lead to poor surgical outcomes, prolonged recov-
ery periods, increased complication rate, poor response to 
chemotherapy, and potentially have an impact on recurrence 
[5–8]. Studies and publications regarding urologic cancers 
and smoking have gradually been on the rise over the last 
fifty years (Fig. 1).

It should be noted that—just as cessation methods are 
evolving—consumption methods are evolving as well. 
Tobacco is more frequently partaken through the use 
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of e-cigarettes and waterpipes (also known as hookah or 
shisha). While data on these methods is lacking, preliminary 
studies reveal potential evidence of cytotoxic effects, cell 
damage, DNA damage, and oxidative stress [9–11].

Importantly, cancer and subsequent therapy is a powerful 
teaching moment for patients. The role of the urologist in 
smoking cessation should not be understated, and efforts to 
quit tobacco and its products should be undertaken if pos-
sible. Evidence has demonstrated that cessation efforts by 
urologists can have significant effects on smoking cessa-
tion and readiness to quit [12]. Furthermore—unlike with 
lung cancer—patients are often unaware of the strong evi-
dence linking smoking to urologic cancers [13]. Urologists 
should be aware of methods to counsel patients on smoking 
cessation, including assessment of patient motivation and 
evidence-based therapies [14].

In this narrative review, we observe and compile current 
evidence regarding the impact of smoking on the following 
cancers: prostate, bladder, renal, and UTUC.

Prostate cancer

Etiology

Prostate cancer (PCa) is the second most diagnosed can-
cer in men worldwide [15]. Many potential risk factors for 
prostate cancer have been studied. Current smoking status 
has not explicitly been linked with tumorigenesis. The most 
recent report by the Surgeon General in 2014 concluded that 

“the evidence is suggestive of no causal relationship between 
smoking and the risk of incident prostate cancer [16].”

However, while the existence and mechanism of an etio-
logic link between smoking and prostate cancer is unclear, 
there have been several proposed mechanisms. The prevalent 
hypothesis involves the mutation of various cancer progres-
sion genes by tobacco-related carcinogens. Other proposals 
involve inflammatory response, hormone alterations, pro-
liferation of tumor angiogenesis, and immune suppression 
[17, 18].

Extent of disease

The same report by the Surgeon General in 2014 also con-
cluded that “in men who have prostate cancer, the evidence 
is suggestive of a higher risk of advanced-stage disease 
and less-well-differentiated cancer in smokers than in non-
smokers, and—independent of stage and histologic grade—a 
higher risk of disease progression” [16].

A study by Mari et al. in 2017 assessed 214 patients, and 
found that patients with a higher cumulating smoking history 
reported a higher pathologic Gleason score (p = 0.01) and 
extracapsular extension (p = 0.004) [19].

Another study by Kenfield et al. included 5366 patients. 
This study found that 14.7% of patient with current smoking 
status had stage T3 or higher disease compared to 8.3% of 
never-smokers. Additionally, 16.0% of current smokers had 
a Gleason score of 7 or more compared to 10.7% of never-
smokers [20].
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Fig. 1  Trends over time in the number of publications associating smoking with urologic cancers. (Search in PubMed September 1, 2022)
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Complications

Smoking is a known risk factor for poorer surgical recovery 
times and increased post-operative complications [8]. Addi-
tionally, smoking has been associated with a higher risk of 
prostate cancer mortality. A large, longitudinal prospective 
study by Kenfield et al. observed that—compared with men 
who never smoked—current smoking status was associated 
with a 60% higher risk of prostate cancer mortality [20]. 
This study also showed that smoking cessation for a period 
of 10 years or more prior to diagnosis had a similar mortality 
and recurrence rate to that of never-smokers.

Tumor recurrence

Tobacco smoking has been associated with recurrence of 
disease following therapy for prostate cancer.

A systematic review and meta-analysis by Foerster et al. 
analyzed a total of 16 studies assessing the effect of smoking 
tobacco on biochemical recurrence. These studies observed 
21,797 participants over a median of 61 months. Of the stud-
ies assessing the effects of current smoking status, 10 studies 
had a hazard ratio permitting inclusion into the meta-analy-
sis, which showed a significant association with biochemical 
recurrence (HR = 1.40, p < 0.001). Similarly, an integration 
of 7 studies showed that former smoking status was signifi-
cantly associated with biochemical recurrence (HR = 1.19, 
p < 0.001) [21].

One retrospective study that specifically analyzed the 
effects of smoking status on risk of biochemical recurrence 
found that current and former smoking status was signifi-
cantly associated with higher risk of biochemical recur-
rence. Additionally, it was found that smoking cessation for 
10 years or more conferred the same risk of biochemical 
recurrence as a never-smoking status. This same study found 
that cumulative exposure was not significantly associated 
with biochemical recurrence [22].

Another study by Kenfield et al. conveyed similar find-
ings—that smoking cessation for 10 years or more conferred 
a biochemical recurrence risk comparable to that of never-
smokers. However, this study also found that former smokers 
with less than 10 years of cessation and with less than 20 
pack-years of smoking had a cancer mortality risk compa-
rable to never-smokers as well [20].

Bladder cancer

Etiology

In 2022, urothelial carcinoma of the bladder is estimated 
to cause 81,180 newly diagnosed cancers and 17,100 
deaths in the United States [23]. Tobacco smoking is a 

well-known and established cause of bladder cancer [16], 
and has been linked to nearly half of all cases of bladder 
cancer and has been associated with poor outcomes fol-
lowing diagnosis [1, 24, 25].

The risk of bladder cancer is estimated to be between 
two to four times higher for current smokers and three 
times higher for former smokers [24]. The etiology of tum-
origenesis with regard to smoking is unclear. However, it 
is well known that tobacco is a strong source of carcino-
gens, such as polycyclic aromatic hydrocarbons, aromatic 
amines, heterocyclic amines, and N-nitroso compounds. 
These compounds are known to cause DNA damage, and 
have been strongly associated with bladder cancer [26]. 
Proposed tumorigenic mechanisms including mutation of 
the tumor suppressor gene TP53 [27] and mutations within 
chromosome 9 [28].

Extent of disease

It is unclear if smoking is associated with higher grade or 
stage of bladder cancer at diagnosis. Several studies show 
a potential association, with several possible acknowl-
edged confounding factors. One study by Chamssudin 
et al. evaluated 300 patients with bladder cancer to assess 
if smoking status could be associated with advance tumor 
grade or stage. While the study could not find a signifi-
cant difference between tumor grade (p = 0.702) or stage 
(p = 0.166) between smokers and non-smokers, high-
dose smokers were found to have significantly higher 
grade (p = 0.026) and stage (p = 0.037) compared to other 
assessed groups [29].

A retrospective study by Pietzak et  al. queried the 
records of 1795 patients with urothelial cell carcinoma of 
the bladder. A multivariate analysis showed that patients 
who met the National Lung Cancer Screening Trial selec-
tion criteria were at a higher risk of initial muscle invasive 
tumor (OR = 2.5, p < 0.001) and were at increased risk of 
a higher grade initial tumor (OR = 2.76, p = 0.004) [30].

A retrospective study by Barbosa et al. in 2018 assessed 
1859 patients. Among former smokers, increased smoking 
amount per day (p = 0.008), duration in years (p = 0.007), 
and cumulative amount in pack-years (p = 0.003) was asso-
ciated with increased tumor aggressiveness. However, this 
association was not observed in current smokers [31].

Finally, a pooled analysis of 11 case–control studies by 
Brennan et al. showed a gradual reduction in the risk of 
bladder cancer following smoking cessation. This reduc-
tion is described as near 40% decreased risk following 
1–4 years of cessation and progresses up to nearly 60% 
following 25 years of cessation. However, the risk was 
reported never to fall to the same risk as that of never-
smokers [32].
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Complications

Compared to non-smokers, smoking has been linked to poor 
peri-operative outcomes following therapy. Mortality, infec-
tion rate, and complication rate are all found to be increased 
in patients with current smoking status [33, 34].

A systematic review and meta-analysis by Tellini et al. 
analyzed 11 studies, 10 of which assessed the impact of 
smoking status on major postoperative complications. 
Smoking status was found to be significantly associated 
with major postoperative complications (HR = 1.87, 95% 
CI 1.51–2.32) [33].

A large-scale database analysis by Al Hussein Al Awamlh 
et al. assessed 493,282 patients, 42.6% of whom reported 
having smoked tobacco. This study showed a significant 
association between smoking initiation in teenage years 
and bladder cancer-specific mortality (HR = 2.14, 95% CI 
1.28–3.56) [35].

Smoking tobacco has been associated with poorer out-
comes and recovery following both trans-urethral resection 
and radical cystectomy [7, 24]. One systematic review by 
Rink et al. found that 10 out of 16 analyzed studies associ-
ated a current smoking status with significant risk of disease 
recurrence [24]. Furthermore, smoking has been associated 
with decreased efficacy of intravesical chemotherapy and 
immunotherapy [24]. Finally, smoking has been associated 
with poorer recovery times and post-operative complications 
following surgical procedures [8].

The role of smoking cessation should not be understated. 
For cases of non-muscle invasive bladder cancer, smoking 
cessation has been shown to decrease the risk of disease 
progression and progression [36]. Though smoking has been 
associated with a poorer prognosis for radical cystectomy 
following bladder cancer, Rink et al. found in 2013 that the 
association was dose-dependent and mitigated by smoking 
cessation for more than 10 years [37].

Recurrence

Smoking status has been associated with recurrence of blad-
der cancer. One systematic review and meta-analysis found 
that current smokers have a significantly higher risk for 
recurrence than former and never-smokers (Hazard Ratio 
(HR) = 1.24, p < 0.0001). In an analysis of patients who 
specifically underwent neoadjuvant chemotherapy, smokers 
were found to have a higher rate of recurrence (HR = 1.35, 
p = 0.08), but this was not statistically significant [38].

Rink et al. in 2012 found a dose–response relationship 
between smoking and disease recurrence. Heavy short-term 
smoking (HR = 1.54), light long-term (HR = 1.70), and 
heavy long-term smoking (HR = 2.22) were all found to be 
associated with a progressively higher, statistically signifi-
cant risk of disease recurrence compared to light short-term 

smoking. Additionally, smoking cessation for 10 years or 
more was associated with a lower risk of disease recurrence 
(HR = 0.44) [37].

Wang et al. found a similar association, where light long-
term (HR = 1.4), heavy short-term (HR = 1.4), and heavy 
long-term smoking (HR = 2.0) all conveyed a higher risk of 
disease recurrence compared to light short-term smoking 
[39].

Renal cancer

Etiology

The strong association between smoking and renal cancer 
has been known for decades, and even published in the 
1982 report of the surgeon general [40], which stated in no 
uncertain terms: “Cigarette smoking is a contributory factor 
in the development of kidney cancer in the United States.” 
Modern data has only strengthened this association. Simi-
lar to bladder cancer, renal cancer has been associated with 
the carcinogenic compounds, such as polycyclic aromatic 
hydrocarbons and aromatic amines, released by tobacco 
smoking [26].

Extent of disease

In particular, smoking and increased smoking intensity have 
been linked to renal cell carcinoma (RCC) [41, 42], though it 
has also been associated with chromophobe carcinoma and 
collecting duct/medullary carcinoma [43].

A Study by Macleod et  al. found a dose-dependent 
increase in risk for RCC. Patients who had smoked up to 
7.5 pack-years experienced a slightly increased risk of 
RCC (HR = 1.15, 95% CI 0.77–1.71). This rate increased 
for patient who smoked between 22.5 and 37.5 pack-years 
(HR = 1.67, 95% CI 1.16–2.42) [41].

An analysis by Lotan et al. utilized the data from the Pros-
tate, Lung, Colorectal, and Ovarian (PLCO) Cancer Screen-
ing Trial and the National Lung Screening Trial (NLST). 
The PLCO data generally showed a gradually increasing 
trend in RCC incidence as cumulative smoking in pack-
years increased up to ≥ 50 pack-years (HR = 2.06, 95% CI 
1.52–2.78). Similarly, the NLST showed a dose-dependent 
increase in RCC risk with cumulative smoking trends up 
to ≥ 50 pack-years (HR = 1.43, 95% CI 0.95–2.14) [42].

A study of 30,282 RCC cases by Gansler et al. in 2020 
showed an increase in an adjusted prevalence ratio (aPR) 
for chromophobe RCC in smokers (aPR = 0.88, 95% CI 
0.81–0.95) compared to non-smokers (aPR = 0.58, 95% CI 
0.50–0.67) [43].

One meta-analysis by Cumberbatch et  al. found the 
relative risk of developing RCC was significantly higher 
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for smokers (RR = 1.31, p < 0.001) when compared to 
non-smokers. This risk was increased in current smokers 
(RR = 1.36, p < 0.001) [44].

A study by Setiawan et al. analyzed 347 cases of RCC, 
found an increase in incidence in RCC in men (RR = 2.34, 
95% CI 1.43–3.82) and women (RR = 1.63, 95% CI 
0.88–3.00). This risk decreased with former smoking status 
in men (RR = 1.46, 95% CI 1.02–2.09) and (RR = 1.30, 95% 
CI 0.85–1.99) in women [45].

Smoking has been associated with higher stage can-
cer and more aggressive phenotypes at diagnosis. This in 
turn likely increases disease-specific mortality. A study by 
Sweeney et al. assessed 132 cases of RCC, finding that cur-
rent smokers were slightly over twice as likely to be diag-
nosed with distant or unknown stage disease compared to 
non-smokers (OR = 2.2, 95% CI 1.4–3.5) [46].

Complications

Smoking has been linked to poor perioperative outcomes, 
recovery, post-operative complications, and disease pro-
gression. Additionally, smoking has been linked to poorer 
disease-specific mortality. The aforementioned study by 
Sweeney et al. found that current smokers experienced an 
increased risk of death following RCC diagnosis (HR = 2.5, 
95% CI 1.5–4.3) compared to former smokers (HR = 1.2, 
95% CI 0.7–2.1) [46].

Recurrence

Data regarding any association between smoking tobacco 
and recurrence of renal cancer is lacking, but in 2019, van 
der Mjin et al. analyzed 873 patients and found that a history 
of smoking was not significantly associated with recurrence 
of RCC (HR = 1.159, p = 0.430). Rather, other risk factors 
were found to be significantly associated, including male 
gender, increased T stage, nuclear grade, clear cell histology, 
and presence of diabetes or hypertension.

Upper tract urothelial carcinoma

Etiology

Similar to bladder cancer and renal cancer, UTUC has been 
associated with tobacco smoking and the carcinogenic com-
pounds released upon smoking [47]. UTUC is often treated 
with radical nephroureterectomy (RNU) and follow-up 
involves careful monitoring for intra-vesicular tumor recur-
rence or other disease recurrence.

Extent of disease

In 2013, Rink et al. associated current smoking status with 
higher risk of advanced disease status and lymph node 
metastases [47]. This study also found a dose-dependent 
association between tobacco smoking and advanced dis-
ease as well as poor surgical outcomes. Smoking cessation 
for more than 10 years was associated with less advanced 
disease stages, fewer disease recurrences, and lower cancer-
specific mortality compared with recent former or current 
smokers [47].

Another study by Rink et al. assessed 865 patients under-
going RNU for UTUC, and found that current smokers had 
a higher stage (p ≤ 0.037) and more lymph node metastases 
(p ≤ 0.003) compared to non-smokers [48].

One study by Miyata et al. in 2014 retrospectively ana-
lyzed 134 cases of non-metastatic UTUC. This study found 
no significant difference in clinicopathological characteris-
tics of tumors based on smoking status [49].

Complications

Smoking tobacco has been associated with fewer post-sur-
gical complications [8]. Cigarette smoking has also been 
associated with a shorter disease-specific survival and is a 
poor prognostic indicator [50]. However, the impact size 
of this association is unclear, and there may be associated 
confounding variables.

In the aforementioned Rink et al. study assessing 865 
patients, more current smokers were treated with open sur-
gery rather than minimally invasive procedures (p ≤ 0.047), 
which may cause increased and higher grade complications 
[48].

Recurrence

Following radical nephroureterectomy for UTUC, studies 
have shown that smoking has been associated with intra-
vesical recurrence, disease recurrence, and cancer-specific 
mortality.

One systematic review found that the majority of stud-
ies following patients after radical nephroureterectomy 
for UTUC were able to associate tobacco smoking with 
intravesical recurrence, disease recurrence, cancer-specific 
mortality, and/or any cause mortality [36]. This review was 
unable to find evidence that smoking cessation affects recur-
rence of UTUC following therapy.

A study in 2012 by Rink et al. found that current smokers 
had a significantly increased risk of UTUC disease recur-
rence after therapy. In addition, both current and former 
smokers had a higher risk of cancer-specific mortality. Addi-
tionally, a dose-dependent relationship was found between 
smoking and the risk of disease recurrence. Heavy-long-term 
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smoking was found to be independently associated with the 
highest risk of disease recurrence [47].

Another study by Rink et al. containing 865 patients 
found that in men, current smokers experienced an increased 
risk of recurrence (p ≤ 0.031). In women, a similar risk of 
recurrence was observed (p ≤ 0.003).

Additionally, the aforementioned paper by Miyata et al. 
analyzed 134 patients, and found that the smoking status 
of a patient was a significant predictor of tumor recurrence 
(p = 0.045) and metastases (log-rank p = 0.016).

A meta-analysis by Crivelli et al. in 2014 found that of 
six criteria-appropriate studies that assessed intra-vesicular 
recurrence, five found a statistically significant increase in 
risk associated with smoking tobacco [36].

Conclusion

Smoking has been firmly linked to most urologic cancers 
including prostate, bladder, renal, and upper tract urothe-
lial cancers. In general, tobacco smoking has been associ-
ated with higher grade and stage tumors, increased disease 
recurrence, poor surgical outcomes, worse postoperative 
complications, disease progression, and tumor recurrence. 
Smoking cessation appears to have beneficial effects with 
most urologic cancers, particularly if maintained in the long 
term. Curbing smoking habits is therefore critical for uro-
logic health and should be a priority for urologists.
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