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abstract

PURPOSE To investigate whether postdiagnosis smoking cessation may affect the risk of death and disease
progression in patients with renal cell carcinoma (RCC) who smoked at the time of diagnosis.

METHODS Two hundred twelve patients with primary RCC were recruited between 2007 and 2016 from the
Urological Department in N.N. Blokhin National Medical Research Center of Oncology, Moscow, Russia. Upon
enrollment, a structured questionnaire was completed, and the patients were followed annually through 2020 to
repeatedly assess their smoking status and disease progression. Survival probabilities and hazards for all-cause
and cancer-specific mortality and disease progression were investigated using extended the Kaplan-Meier
method, time-dependent Cox proportional hazards regression, and Fine-Gray competing-risk models.

RESULTS Patients were followed for a median of 8.2 years. During this time, 110 cases of disease progression, 100
total deaths, and 77 cancer-specific deaths were recorded. Eighty-four patients (40%) quit smoking after diagnosis.
The total person-years at risk for this analysis were 748.2 for continuing smoking and 611.2 for quitting smoking
periods. At 5 years of follow-up, both overall survival (85% v 61%) and progression-free survival (80% v 57%) rates
were higher during the quitting than continuing smoking periods (both P , .001). In the multivariable time-
dependent models, quitting smoking was associated with lower risk of all-cause mortality (hazard ratio [HR],
0.51; 95%CI, 0.31 to 0.85), disease progression (HR, 0.45; 95%CI, 0.29 to 0.71), and cancer-specificmortality
(HR, 0.54; 95% CI, 0.31 to 0.93). The beneficial effect of quitting smoking was evident across all subgroups,
including light smokers versus moderate-heavy smokers and those with early-stage versus late-stage tumors.

CONCLUSION Quitting smoking after RCC diagnosis may significantly improve survival and reduce the risk of
disease progression and cancer mortality among patients who smoke.
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INTRODUCTION

An estimated 430,000 individuals were diagnosed
with kidney cancer and 180,000 died of this disease in
2020.1 The burden of kidney cancer is higher in North
America, Europe, and Oceania, where it ranks among
the top 10 most common cancers.1

Smoking is a known cause of kidney cancer2 and is
estimated to account for 17% of the kidney cancer
burden worldwide.3 Approximately 15%-20% of patients
with kidney cancer are active smokers at diagnosis.4,5

Although studies have shown that quitting smoking can
reduce the risk for developing kidney cancer,6,7 evidence
is limited on whether smokers can still benefit from
quitting smoking after the diagnosis of kidney cancer.
Limited evidence from retrospective studies indicates
better survival among patients with kidney cancer who
are former smokers than current smokers.8-12 However,
these studies are not conclusive as they have major
limitations in their exposure assessment methods.

Particularly, smoking data in these studies were either
extracted from medical records or collected once at the
time of diagnosis or treatment without accounting for the
time of smoking cessation or later changes in smoking
behavior.8-13 Furthermore, there is no evidence on
whether any effects of quitting smoking could vary be-
tween light versusmoderate-heavy smokers and patients
with early-stage versus late-stage kidney cancer.

We conducted a prospective study of patients who
were newly diagnosed with kidney cancer and re-
peatedly assessed smoking behavior during an average
follow-up of 8 years to investigate whether post-
diagnosis smoking cessation could affect the risk of
death and disease progression among these patients.

METHODS

Study Population and Design

This study included patients with newly diagnosed
primary renal cell carcinoma (RCC) who were originally
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enrolled to a large prospective cohort study of kidney cancer
survival in Russia. Participants were enrolled betweenMarch
2007 and June 2016 from the Urological Department in the
N.N. Blokhin National Medical Research Center of Oncol-
ogy, Moscow, Russia. The inclusion criteria were residing in
Moscow region; having histologically confirmed RCC; not
having undergone any previous local or systemic treatment
(diagnostic biopsies excluded) for the current tumor; and
being a current smoker at the time of diagnosis, which was
defined as smoking at least one cigarette per day within the
past year before the time of diagnosis. All participants
provided written informed consent at enrollment. The study
was approved by the ethical committees of the International
Agency for Research on Cancer and the Blokhin National
Medical Research Center of Oncology.

Baseline Interviews and Questionnaire Data

The participants were interviewed using a structured
questionnaire that contained detailed questions on de-
mographics, behavioral factors, different exposures, and
health conditions including chronic kidney disease, hy-
pertension, and diabetes mellitus. Height and weight were
measured, and BMI was calculated.

Participants were asked about lifetime smoking history, which
included queries about the duration and frequency of
smoking cigarettes, as well as the average number of ciga-
rettes smoked every day. Participants were also asked about
lifetime history of regular alcohol drinking, which is defined as
drinking alcoholic beverages at least once a week for 1 year.

Baseline Tumor Data

An expert local teamwas asked to review all relevant medical
documents and complete a questionnaire that included
information on the clinical and histopathologic features of the

tumor and the existing illness. A central team at the Inter-
national Agency for Research on Cancer performed regular
quality control checks to ensure the quality of the filled
questionnaires and data. The classification of tumor stage
was performed using the medical documents at the time of
diagnosis and before receiving any treatment, on the basis of
the 7th edition of the TNM classification system that is
proposed by the American Joint Committee on Cancer.14

Follow-Up Data on Smoking, Clinical Interventions, and

Disease Status

Theparticipants were followed annually to record any changes
in their smoking behavior and disease status. At each follow-
up, the participants or their families were contacted and asked
about quitting smoking and, when applicable, the time of
smoking cessation. Participants were considered as smoking
quitters if they reported to have quit smoking completely
during the follow-up time. Otherwise, participants were cat-
egorized as continued smokers. During each follow-up,
queries were made to collect detailed information on tumor
progression, therapeutic interventions, and vital status. When
applicable, the corresponding medical records were also
reviewed by a local team to determine disease progression.
Furthermore, the cohort data are linked to theMoscow cancer
and death registries, to minimize the possibility of misclassi-
fications in the outcomes and to record the primary and
secondary causes of death, which was done according to the
10th Revision of the International Statistical Classification of
Diseases and Related Health Problems.15

Statistical Analysis

Because participants quit smoking at different time po-
ints during the follow-up, we treated quitting smoking as
a time-dependent variable in all analyses.16-21 In this
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approach, data from participants who quit smoking during
the follow-up contribute differently than those who continued
smoking. Particularly, for participants who quit smoking after
diagnosis, the follow-up time is divided into subperiods,
where each switch in smoking status (quitting or relapsing
smoking) initiates a new subperiod.16-21 For participants who
quit smoking, the value of the time-dependent variable is
0 before the time of quitting and changes to 1 from the time
of quitting smoking and onward. For those who continued
smoking, the value remains 0 during the follow-up. For
participants who quit and then relapsed smoking, the value
of the time-dependent variable is 0 before the time of quitting
and after the time of relapsing smoking.16-21

We used extended Kaplan-Meier curves and Mantel-Byar
tests to describe the probability of survival during the con-
tinuing smoking and quitting smoking periods.16-18 We used
time-dependent Cox proportional hazards regression models
to investigate the association between quitting smoking and
hazards of death and disease progression.19,20 We further
used Fine-Gray competing-risks regression models that
account for death from other causes as the competing event,
to evaluate the association between quitting smoking and
hazards of kidney cancer–specific death.21

In all models, we defined entry time as the date the
participant was diagnosed with RCC, and date of the last
contact was defined as the censoring date for participants
who were alive at the last contact (through September 12,
2020). For participants who quit smoking during the
follow-up, a subperiod that followed smoking after diag-
nosis was considered as starting at baseline and censored
at the time of smoking cessation. Consequently, a sub-
period that followed a switch to quitting smoking was
considered left-truncated at the time of the switch. To
assess the probability of overall survival and hazards of
overall mortality, we defined end of follow-up as the date of
death from any cause. To assess progression-free survival,
we defined end of follow-up time as the date of death from
any cause or date of tumor progression (local recurrence
or metastasis), whichever occurred first. To assess kidney
cancer–specific mortality, we defined end of follow-up
time as the date of death from kidney cancer for the
event of interest, and date of death from any other cause
as the competing event.

The regression models were adjusted for age at diagnosis,
sex, chronic health conditions, pack-years of cigarettes
smoked, regular alcohol drinking status, tumor stage at
diagnosis, and treatments received at the follow-up. All
participants underwent surgery, while 34 received targeted
therapy, and 12 received immunotherapy. Therefore, we
combined targeted therapy and immunotherapy into one
treatment variable. Further adjustments for year of diag-
nosis, education level, BMI at diagnosis, and tumor his-
tology did not change the obtained estimates (Data
Supplement, online only). Therefore, we did not include
these variables in the main models. Five participants had

missing data for the predictor variables and were therefore
excluded from this analysis. For each model, we tested the
proportional hazards assumption using Schoenfeld’s global
test, which was met for all variables in the multivariable
models, except for tumor stage and treatment, which
showed time-varying effects in some models and were
therefore treated as time-varying covariates.22

To account for potential confounders that might affect the
survival estimates during the continuing and quitting
smoking periods, we separately plotted the adjusted
survival curves for each RCC stage. These curves were
derived from the adjusted time-dependent regression
models where the continuous variables were set at the
median values and the categorical variables were set at the
reference categories.23,24

We performed stratified analyses and used interaction tests
to assess whether the effects of quitting smoking are different
across the strata of light smokers (smoked #26 pack-years
at baseline) versus moderate-heavy smokers (smoked
.26 pack-years at baseline), and patients with early-stage (I,
II) versus late-stage (III, IV) RCC. For each stratum, we also
assessed the association between quitting smoking and the
overall survival using the extended Kaplan-Meier method
and Mantel-Byar test (quitting smoking was treated as a
time-dependent variable).

Since survivorship bias is themain concern in assessing the
effect of exposures that vary over time, in addition to using a
time-dependent variable for quitting smoking in the main
analyses, we performed two sensitivity analyses by ex-
cluding participants who quit smoking after 3 and
12 months of diagnosis (ie, participants who survived
longer and had more chance to quit smoking).

The type 1 error rate was set at 5% and the statistical
analyses were two-sided. The data were analyzed using
Stata statistical software version 17.0 (Stata Corporation,
College Station, TX).

RESULTS

The study recruited 228 currently smoking patients with
kidney RCC. Of these, 16 were excluded because of
missing data for the predictor variables (n 5 5), having
unknown histology (n5 2), or having non–renal cell kidney
tumors (n5 9). The remaining 212 current smoker patients
with RCC were included in this analysis and none of them
were lost to follow-up. The total person-years at risk for this
analysis were 748.2 for continuing smoking and 611.2 for
quitting smoking periods.

At enrollment, the median age for the included participants
was 56.1 years (IQR, 50.4-60.8) and the median BMI was
27.4 (IQR, 24.1-31.4); 80% of the participants were male
and 59% had a university degree. More than half of the
participants (54%) were diagnosed with stage I tumors, and
only few participants underwent targeted therapy (n 5 34)
or immunotherapy (n 5 12; Table 1).
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During the follow-up, 84 participants (40%) reported
to have quit smoking, none of whom reported relapsing
during the follow up period, while 128 participants (60%)
reported to have continued smoking after their diagnosis.

Participants who quit versus continued smoking during the
follow-up were similar across a range of demographic,
behavioral factors, and clinical variables at the time of
recruitment (Table 1). Of the 84 quitters, 47 (56%) quit

TABLE 1. Baseline Demographical and Clinical Features Among All Patients, and the Subgroups of Patients Who Continued Smoking and Quit Smoking
During the Follow-Up

Variable All Participants
Participants Who Continued Smoking During the

Follow-Up
Participants Who Quit Smoking During the

Follow-Upa

No. of participants

No. (%) 212 128 (60) 84 (40)

Age, years

Median (IQR)b 56.1 (50.4-60.8) 56.7 (51.2-60.7) 54.8 (49.8-61.1)

Sex, No. (%)

Male 170 (80) 102 (80) 68 (81)

Female 42 (20) 26 (20) 16 (19)

Education, No. (%)

Less than high school 55 (26) 37 (29) 18 (22)

High school degree 31 (15) 19 (15) 12 (14)

University degree 126 (59) 72 (56) 54 (64)

BMI

Median (IQR) 27.4 (24.1-31.4) 27.2 (23.4-30.8) 27.6 (25.0-32.7)

Chronic diseases, No. (%)b

No 128 (60) 74 (58) 54 (64)

Yes 84 (40) 54 (42) 30 (36)

Regular alcohol drinking, No. (%)

Never 134 (63) 76 (60) 58 (69)

Former 19 (9) 13 (10) 6 (7)

Current 59 (28) 39 (30) 20 (24)

Cumulative cigarettes smoked

Median (IQR) (pack-years)b 26.5 (17-37) 27.9 (19.5-38.8) 24.2 (13.8-34)

Histology, No. (%)

Clear cell RCC 181 (85) 110 (86) 71 (85)

Other subtypes RCC 31 (15) 18 (14) 13 (15)

Tumor stage, No. (%)

I 114 (54) 60 (47) 54 (64)

II 16 (7) 9 (7) 7 (8)

III 48 (23) 35 (27) 13 (16)

IV 34 (16) 24 (19) 10 (12)

Targeted therapy, No. (%)

No 178 (84) 104 (81) 74 (88)

Yes 34 (16) 24 (19) 10 (12)

Immunotherapy, No. (%)

No 200 (94) 120 (94) 80 (95)

Yes 12 (6) 8 (6) 4 (5)

Abbreviation: RCC, renal cell carcinoma.
aData from participants who quit smoking during the follow-up contributed differently to the main analysis than those who continued smoking. For those

who quit smoking during the follow-up time, the follow-up period was divided into subperiods of before and after quitting smoking.
bChronic diseases include hypertension, diabetes, and chronic kidney disease.
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shortly after diagnosis and before the time of receiving the
first treatment, 30 (36%) quit after treatment initiation but
during the first year after diagnosis, and seven (8%) quit
after the first year of diagnosis (Data Supplement).

At follow-up, mortality and disease progression occurred
less often during periods in which the patients quit
smoking than when they continued smoking (P , .001;
Fig 1). The estimated probabilities of overall and
progression-free survivals at 3 years were higher during the
quitting than continuing smoking periods (overall survival,
94% v 76%; progression-free survival, 90% v 67%;
P, .001 for both; Table 2; Fig 1). Similarly, at 5 years, the
probabilities of overall and progression-free survivals were
higher during the quitting than continuing smoking periods
(overall survival, 85% v 61%; progression-free survival,
80% v 57%; P, .001 for both; Table 2; Fig 1). The higher
probability of survival during the smoking cessation period
was evident across all patient subgroups, including light

smokers (P 5 .007; Data Supplement), moderate-heavy
smokers (P 5 .013; Data Supplement), and patients with
early-stage (P 5 .025; Data Supplement) and late-stage
(P 5 .048; Data Supplement) tumors.

In the multivariable time-dependent regression models,
quitting smoking after the diagnosis of cancer was asso-
ciated with lower risk of all-cause mortality (hazard ratio
[HR], 0.51; 95% CI, 0.31 to 0.85), disease progression
(tumor recurrence, metastasis, or death; HR, 0.45; 95% CI,
0.29 to 0.71), and kidney cancer–specific death (HR, 0.54;
95% CI, 0.31 to 0.93; Table 3). The beneficial effects of
quitting smoking on the hazards of death and disease
progression remained comparable after excluding partici-
pants who quit smoking after 12 and 3 months of diagnosis
(Table 3). In the stratified analyses, quitting smoking was
similarly beneficial for light smokers versusmoderate-heavy
smokers (Data Supplement), and also for patients with
early-stage versus late-stage tumors (Data Supplement).
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FIG 1. Extended Kaplan-Meier curves illustrating the probability of (A) overall survival (B) progression-free survival among smoker patients with renal
cell carcinoma during the quitting smoking versus continuing smoking periods. P values were obtained from the Mantel-Byar test for comparing time-
dependent survival data.

TABLE 2. Estimates of Survival Among Patients With Renal Cell Carcinoma Who Smoked at the Time of Diagnosis, During Periods of Continued Smoking
Compared With Periods of Smoking Cessation
Parameter Continuing Smoking Period Smoking Cessation Period P a

Person-years at risk 748.2 611.2

Overall survivalb ,.001

Probability of survival at 3 years (95% CI) 0.76 (0.68 to 0.82) 0.94 (0.85 to 0.97)

Probability of survival at 5 years (95% CI) 0.61 (0.52 to 0.69) 0.85 (0.75 to 0.91)

Progression-free survivalb ,.001

Probability of survival at 3 years (95% CI) 0.67 (0.58 to 0.74) 0.90 (0.80 to 0.95)

Probability of survival at 5 years (95% CI) 0.57 (0.48 to 0.65) 0.80 (0.69 to 0.87)

aP values were obtained from the Mantel-Byar test for comparing time-dependent survival data.
bEstimates are derived from extended Kaplan-Meier curves where smoking cessation was treated as a time-varying variable to account for the time of

quitting smoking and the patients’ switching between continued smoker and smoking quitter groups during the follow-up time.
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The estimated survival probabilities, which were derived from
the adjusted time-dependent regression models, consistently
showed higher overall and progression-free survival proba-
bilities during the quitting than continuing smoking periods
across all RCC stages (Fig 2; Data Supplement).

DISCUSSION

In this prospective cohort study, we followed 212 cur-
rently smoking patients with RCC for an average of
8 years, of whom 84 participants quit smoking during the
follow-up time. At follow-up, the overall and cancer-free
survival rates were significantly higher during the quitting
than continuing smoking periods. Compared with con-
tinuing smoking, quitting smoking was consistently as-
sociated with lower hazards of death and disease
progression. The beneficial effects of quitting smoking
were evident among light smokers and moderate-heavy
smokers, as well as among patients with early-stage and
late-stage tumors.

To our knowledge, this is the first study that prospectively
evaluates the effects of smoking cessation after diagnosis
among smoker patients with kidney cancer. In this study, we
repeatedly assessed smoking status during the follow-up
and found that quitting smoking after diagnosis was asso-
ciated with almost 50% lower risk for overall death, 46%
lower risk for cancer-specific death, and 55% lower risk for
disease progression compared with continuing smoking.
Previous studies on this topic have been primarily retro-
spective studies that assessed the effects of smoking status
at diagnosis on subsequent RCC survival. A meta-analysis of
14 studies with 343,993 patients with RCC showed that
current smokers at diagnosis have almost 60% increased

risk of death and around three times increased risk for having
poorer progression-free survival than never smokers, while a
subgroup analysis of two studies that had investigated the
effects of former smoking showed no increased risk for
mortality among those who had quit smoking before the time
of diagnosis.13 Another meta-analysis of 24 studies showed a
higher risk for RCC incidence among both current (29%)
and former (14%) smokers, while the risk for RCC death was
32% higher among current smokers and was null among
former smokers.6 A recent study by Kroeger et al12 assessed
the effects of smoking status at the time of starting targeted
therapy on the survival of 1,980 patients with metastatic
RCC, and reported a poorer survival among current smokers
than never and former smokers. However, similar to other
previous studies, smoking status was retrospectively ob-
tained from medical charts or screening forms, and the time
of smoking cessation could not be reliably determined.12

Of all smoker patients in this cohort, 60% continued
smoking through the course of their disease, leading to a
significant number of extra deaths and progression events.
Our results show that the benefits of quitting smoking
(which is potentially feasible for all patients and could
benefit patients financially) may be similar or even superior
to the emerging targeted and immunotherapy treatments
that are expensive, require specialized settings, and cannot
be accessed by many patients.25,26 We previously observed
a similarly significant effect for postdiagnosis smoking
cessation on the survival of smoker patients with lung
cancer.27 This evidence highlights the need for collabo-
rative efforts to implement smoking treatment as an integral
part of cancer management in patients who smoke. This is
particularly important as smoker patients with cancer might
feel fatalistic or may not realize that the benefits of smoking

TABLE 3. The Association Between Postdiagnosis Smoking Cessation and Different Outcomes Among Patients With Renal Cell Carcinoma Who Smoked at
Diagnosis

Outcome/Exposure Feature

HR (95% CI)

All-Cause Mortalitya Disease Progressiona,b Cancer-Specific Mortalitya,c

All participants included

No. of outcome events 100 110 77

Quittingd v continuing smoking 0.51 (0.31 to 0.85) 0.45 (0.29 to 0.71) 0.54 (0.31 to 0.93)

Excluding participants who quit smoking within 12 months after diagnosis

No. of outcome events 97 107 75

Quittingd v continuing smoking 0.51 (0.30 to 0.85) 0.45 (0.28 to 0.71) 0.57 (0.31 to 1.02)

Excluding participants who quit smoking within 3 months after diagnosis

No. of outcome events 92 101 72

Quittingd v continuing smoking 0.55 (0.31 to 0.95) 0.48 (0.29 to 0.79) 0.75 (0.41 to 1.37)

Abbreviation: HR, hazard ratio.
aThe estimates are derived from time-dependent regression models that are adjusted for age at diagnosis, sex, history of chronic diseases, cumulative

cigarettes smoked, alcohol drinking status, tumor stage, and treatment (targeted therapy/immunotherapy).
bProgression is defined as local recurrence, metastasis, or death from any cause.
cIn this model, death from any cause other than kidney cancer was set as a competing event.
dQuitting smoking is treated as a time-varying exposure that accounts for quitting time and switching in smoking status during the follow-up period.
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cessation apply even after cancer diagnosis. Furthermore,
evidence shows that most smoker patients with cancer do
not feel ready to quit after the diagnosis and there is still of
subset of smoker patients with cancer who are not even
recommended by their physicians to quit smoking.28-31

Several biologically plausible mechanisms have been sug-
gested by which smoking can reduce survival in patients with
cancer; cigarette smoke contains many carcinogens and
mutagens that can directly affect tumor cells and increase
their proliferation, migration, invasion, and angiogenesis.32

Furthermore, smoking can impair the immune response
to malignant growth,32,33 affect the response to and com-
plications from some cancer treatments,34 and accelerate
other illnesses including cardiovascular and other chronic
diseases in patients with cancer.34,35

To our knowledge, this is the first study that prospectively
investigates the effect of quitting smoking after diagnosis
of kidney cancer on disease progression and survival
rates with repeated assessments of smoking status during
the follow-up and a long follow-up period. Also, to our
knowledge, this is the first study that showed the bene-
ficial effects of smoking cessation across different sub-
groups of patients with RCC on the basis of their baseline
tumor stage and pack-years of cigarettes smoked. Finally,
we used stringent statistical methods to address con-
founding and survivorship bias. This study also has some
limitations including being an observational study with
the possibility of measurement errors in the exposure and
outcomes. Smoking status was based on self-report,
which could have resulted in misclassification. However,
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FIG 2. Adjusted survival curves illustrating the probability of overall survival during the quitting smoking versus continuing smoking periods in a
56-year-old male smoker with renal cell carcinoma (A) stage I, (B) stage II, (C) stage III, and (D) stage IV. Estimates are derived from adjusted
time-dependent Cox regression models where smoking cessation was treated as a time-varying variable, the continuous covariates were set at the
median value (age: 56, smoking: 26 pack-years), and the categorical variables were set at the reference category (male, without chronic health
conditions, never regular alcohol drinker, and did not receive targeted/immunotherapy during the follow-up).

Journal of Clinical Oncology 7

Postdiagnosis Smoking Cessation and Kidney Cancer Survival

Downloaded from ascopubs.org by 91.233.189.164 on April 23, 2023 from 091.233.189.164
Copyright © 2023 American Society of Clinical Oncology. All rights reserved. 



the prospective nature of the study and repeated as-
sessment of smoking status could have minimized the
possibility of inaccurate responses. Also, if there is any
misclassification, it is anticipated to result from over-
reporting smoking cessation, which consequently could
bias the results toward the null. Another limitation of the
current study is its small sample size for the subgroup
analyses. Despite observing comparable estimates from
the adjusted models across different strata, the estimates
from the stratified analyses should be interpreted with

caution as there were a small number of outcome cases in
some of the strata.

In conclusion, this study provides strong evidence that
quitting smoking after the diagnosis of kidney cancer can
significantly improve the survival and reduce the risk of
disease progression among these patients. Given that up to
20% of patients with kidney cancer are current smokers at
diagnosis and most will continue to smoke afterward,4,5 it is
critical to integrate smoking treatment into the routine
management of these patients.
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