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Abstract.

BACKGROUND: Existing literature provides contrasting data on statin use and bladder cancer (BC) outcome.
OBJECTIVE: We evaluated whether (chronic) statin use was associated with clinical outcomes in patients with BC
undergoing radical cystectomy (RC).

METHODS: Using provincial health administrative databases, we retrospectively identified BC patients undergoing RC in
Quebec province in 2000-2015, and collected data from two years before RC until December 2016 or death. We compared
patients who chronically used statins before RC to never statin users. Survival analyses were conducted using Kaplan-Meier
curves, log-rank tests, and Cox proportional hazards models. Covariates in multivariable analyses were age, sex, Charlson’s
comorbidity index, year of RC, distance to hospital, hospital type, hospital’s and surgeon’s annual RC volume, and neoadjuvant
chemotherapy.

RESULTS: Our cohort contained 1406 chronic and 1754 never statin users. Five-year overall, BC-specific and recurrence-
free survival rates were 40.5% (95% confidence interval (95%CI) 37.8-43.2%), 52.8% (95%CI 49.8-55.7%), and 50.1%
(95%CI 47.2-53.0%) for chronic statin users, versus 34.9% (95%CI 32.5-37.2%), 45.5% (95%CI 42.9-48.1%), and 43.4%
(95%CI 40.9-45.9%) for never statin users (p < 0.001). In multivariable analyses, hazard ratios (HR) for death, BC-specific
deaths and recurrences were 0.83 (95%CI10.75-0.91), 0.81 (95%CI1 0.72-0.91), and 0.83 (95%CI 0.74—0.93) for chronic statin
users, respectively. Similar observations were made in patients with diabetes and/or cardiovascular comorbidities (p < 0.001).
Clinical outcome was not improved in patients who started statins in the year following surgery compared to never statin
users (p>0.4).

CONCLUSIONS: Chronic statin use is associated with improved clinical outcome in BC patients undergoing RC in Quebec.
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individuals aged 65+ used statins in 2016 [1]. Statins
and their influence on cancer risk and survival has
been widely debated in 21st century medical liter-
ature, with inconclusive findings [2—6]. A potential
association between statin use and bladder cancer
outcome gained interest in 2006, when a retrospective
cohort study was published in the New England Jour-
nal of Medicine in which 84 patients with non-muscle
invasive bladder cancer had more aggressive disease
and a higher rate of tumor progression when taking
statins during bacilli Calmette-Guérin therapy [7].
However, since then, various groups failed to confirm
an association between statin use and disease-related
clinical outcome in patients with non-muscle invasive
bladder cancer [8-12].

Fewer studies have evaluated statins in patients
with muscle-invasive bladder cancer. In a cohort of
patients with muscle-invasive bladder cancer who
underwent transurethral resection of the bladder fol-
lowed by chemoradiotherapy, statin users had higher
local disease control in univariable analyses, but this
difference was eliminated when adjusting for known
prognostic factors [13]. The only cohort study eval-
uating statin use in patients with muscle-invasive
bladder cancer undergoing radical cystectomy (RC)
found that statin users had higher rates of disease
recurrence and cancer-specific mortality in univari-
able analyses, but clinical outcome did not differ in
multivariable analyses [14].

Large, high-quality studies are needed to evalu-
ate a potential protective or harmful effect of statins
on clinical outcome in patients with muscle-invasive
bladder cancer. Therefore, we evaluated statin use in
a large cohort of bladder cancer patients undergoing
RC in the Canadian province of Quebec.

PATIENTS AND METHODS

Study design, data acquisition and study
population

This retrospective study was approved by the
research ethics board of the McGill University Health
center, and is annually renewed (project number
2014-1059; latest renewal August 31st, 2018). It
follows international guidelines such as the Declara-
tion of Helsinki. Our cohort consists of all patients
who underwent RC for bladder cancer in Quebec
between 2000 and 2015, as registered by the uni-
versal health care provider provincial administrative
databases [15]. Quebec administrative agencies col-
lect data on all medical procedures performed in

public medical centers across Quebec, all hospital
and emergency room admissions, intensive care unit
stays, all medication prescribed in Quebec outpatient
pharmacies to patients covered by the Public Pre-
scription Drug Insurance Plan (universal coverage),
and all deaths in Quebec (including date and cause of
death). Since RC in Quebec is only conducted in pub-
lic hospitals, data provided by provincial authorities
included essentially all RC in Quebec. The collected
database contained anonymized individual patient
medical information from two years before RC to
death or December 31st, 2016. As such, no informed
consent was required.

Selection of our cohort has been described previ-
ously [15]. In summary, after several validity checks,
we included all patients who had a RC conducted
by a urologist in a public hospital in the province
of Quebec between January 1st, 2000 and Decem-
ber 31st, 2015. All selected RC were performed for
the treatment of bladder cancer (n=4450). Patients
who were not enrolled in the Quebec Public Pre-
scription Drug Insurance Plan were excluded (n =708
(15.9%)), since we could not obtain information on
their medication use.

Data analyses

Chronic statin users were defined as patients who
had >1 statin prescription before RC and who had
statin prescriptions >365 days between the first and
last prescription in our database. A prescription was
registered in our database if the patient picked up
his/her medication at an outpatient pharmacy in Que-
bec. Controls never obtained statins at a pharmacy in
the two years prior to RC until the most recent follow-
up. Sensitivity analyses were conducted by limiting
both groups to patients who had a diagnostic code for
diabetes mellitus or cardiovascular disease (conges-
tive heart failure, myocardial infarction, peripheral
vascular disease, and/or a cerebrovascular accident)
during their treatment trajectory. Furthermore, we
compared patients who had their first statin prescrip-
tion in the year after surgery to never statin users. In
order to eliminate immortal time bias in this analysis,
we restricted both groups to patients with a survival
of >1 year.

Covariates included age, sex, and Charlson’s
comorbidity index. We also included all variables
that predicted survival in our previously published
analyses, namely the year of surgery, distance to
the hospital, hospital type (academic/non-academic),
hospital and surgeon’s annual RC volume, and
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administration of neoadjuvant chemotherapy. Age
and Charlson’s comorbidity index were analyzed as
continuous variables, sex as a categorical variable.
The Charlson’s comorbidity index was determined
based on filed diagnostic codes, and on medication
specifically used for certain diseases [ 16, 17]. Patients
could have an index between two (all patients had
a solid tumor, which is two points) and 33. Year of
surgery was included as a binary categorical variable,
as we previously observed a difference in survival
between patients treated in 2000-2009 and those
treated in 2010-2015 [15]. We used Google maps to
calculate the driving distance between the center of a
patient’s postal code and the hospital of surgery (con-
tinuous variable) [15]. Academic hospitals include
all centers that train residents. Hospital and surgeon
annual RC volumes were calculated by dividing the
total number of RC by the years between the first
and last RC of that surgeon/hospital recorded in our
database, and were analyzed as continuous variables.

Follow-up time was calculated using the reverse
Kaplan-Meier method [18]. Time to recurrence was
defined as the time between RC and first administra-
tion of chemo- or radiotherapy after surgery, or death
due to bladder cancer. In order to exclude patients
who had neoadjuvant chemo- or radiotherapy, or sal-
vage therapy due to incomplete removal of the tumor,
we only considered chemo- or radiotherapy adminis-
tered >90 days after postoperative hospital discharge.

Overall survival was calculated as the time between
RC and death or last follow-up. The definition of

bladder cancer-specific deaths has been prescribed
previously [15]. In brief, all death causes with ICD-10
codes for genitourinary cancers were included, unless
the diagnosis specified a different genitourinary can-
cer (e.g., prostate cancer). For bladder cancer-specific
mortality, we excluded patients who died <90 days
after RC, to exclude patients who died from the
direct consequences of surgery instead of the cancer;
these patients were included in overall survival cal-
culations. Patients who died from other causes than
bladder cancer were censored at the time of death.

Statistical analyses

All statistical analyses were conducted using Stata
(v15.1, Statacorp, College Station, Texas, USA).
Categorical baseline characteristics were compared
between chronic and never statin users using Chi-
square tests. All continuous baseline characteristics
were non-normally distributed, as determined by
Shapiro-Wilk tests. Therefore, continuous variables
were compared using Wilcoxon rank-sum tests, and
summarized as the median with interquartile range.

Survival analyses were conducted using the
Kaplan-Meier method [19]. Log-rank tests were
used to calculate whether survival curves differed
significantly between patient groups. Uni- and mul-
tivariable Cox proportional hazard models were used
to calculate hazard ratios (HR) for overall, bladder
cancer-specific and recurrence-free survival [20]. All
covariates (i.e., statin use, age, sex, comorbidities,

Table 1

Baseline characteristics of the whole cohort, patients who chronically used statins before radical cystectomy, and patients who never
used statins

All patients never statin users chronic statin users P-value!
Number of patients 3742 1754 1406
Age, median (IQR) 70 (64-76) 70 (62-76) 72 (67-77) <0.001
Sex <0.001
— Male 2827 (75.5%) 1244 (70.9%) 1113 (79.2%)
— Female 915 (24.5%) 510 (29.1%) 293 (20.8%)
Charlson’s comorbidity index 7 (5-8) 6 (5-8) 7(6-9) <0.001
—Index >10 500 (13.4%) 125 (7.1%) 274 (19.5%)
— Range 2-18 2-18 2-15
Year of surgery <0.001
—2000-2009 2203 (58.9%) 1138 (64.9%) 632 (45.0%)
—2010-2015 1539 (41.1%) 616 (35.1%) 774 (55.0%)
Hospital type, academic 1886 (50.4%) 904 (51.5%) 711 (50.6%) 0.59
Distance to hospital in km, median (IQR) 19.9 (7.4-77.2) 19.0 (6.9-66.5) 20.6 (7.9-87.5) 0.029
Hospital RC volume per active year, median (IQR) 13.4 (7.8-32.2) 13.4 (6.6-32.2) 13.8 (8.9-32.2) 0.003
Surgeon RC volume per active year, median (IQR) 6.7 (4.7-13.1) 6.7 (4.1-13.1) 8.1 (4.7-13.1) 0.005
Neoadjuvant chemotherapy 208 (5.6%) 108 (6.2%) 75 (5.3%) 0.33

Values display the median with interquartile range for continuous variables, and the absolute patient number with percentage for categor-
ical variables. ! P-values were determined using Wilcoxon rank sum tests and Chi-square tests for continuous and categorical variables,

respectively.
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year of surgery, distance to hospital, hospital type,
hospital’s and surgeon’s RC volume, and adminis-
tration of neoadjuvant chemotherapy) were included
in multivariable models. In an additional multivari-
able model, we adjusted for aforementioned variables
plus chronic aspirin and metformin use (defined as
aspirin and metformin prescriptions for more than
365 days). Patients with missing data were excluded
from multivariable analyses.

RESULTS

In total, 3742 patients underwent RC for bladder
cancer in Quebec in 2000-2015 and had informa-
tion on medication use available. Median age was
70 years, 75.5% was male, and the median comor-
bidity index was seven (Table 1). Approximately
half of the patients (n=1886, 50.4%) had RC in
an academic hospital, and 208 patients (5.6%) had
neoadjuvant chemotherapy. Of the 1988 patients who
had >1 prescription for statins in our database, 1512
patients (76.1%) had >1 prescription prior to RC.
We only included these patients to eliminate immor-
tal time bias. Of these 1512 patients, 1406 patients
(93.0%) had >365 days between the first and last
statin prescription (chronic statin users), and were
compared to patients who never obtained statins
(n=1754). Chronic statin users were older (median
age 72 versus 70 years, p<0.001), male (79.2%
versus 70.9%, p <0.001), and had more comorbidi-
ties (median seven versus six, p<0.001). Chronic
statin users were treated more recently (55.0% versus
35.1% treated in 2010-2015, p <0.001), in hospitals
slightly further away from their residence (median
20.6 km versus 19.0 km, p =0.029) by higher volume
surgeons (8.1 versus 6.7 RC per year, p=0.005).

Median follow-up was 7.9 years (95% confi-
dence interval (95%CI) 7.6-8.4 years). Of the 1361
patients who had not died by December 2016, 80
(5.9%) had their latest follow-up in 2015 or ear-
lier (lost to follow-up). Five-year overall survival
rates were 40.5% (95%CI 37.8-43.2%) and 34.9%
(95%CI 32.5-37.2%) for chronic and never statin
users, respectively (p=0.001; Fig. 1A). Similarly,
five-year bladder cancer-specific survival rates were
52.8% (95%CI 49.8-55.7%) and 45.5% (95%CI
42.9-48.1%, p<0.001; Fig. 1B), and five-year
recurrence-free survival rates were 50.1% (95%CI
47.2-53.0%) and 43.4% (95%CI 40.9-45.9%),
respectively (p<0.001; Fig. 1C). In multivariable
models (Table 2), chronic statin use (HR 0.83, 95%CI

0.75-0.91), age (HR 1.22 per five-year increment,
95%CI 1.18-1.26), and the Charlson’s comorbid-
ity index (HR 0.95 per point increase, 95%CI
0.92-0.97) predicted overall survival. These variables
also predicted bladder cancer-specific survival and
recurrence-free survival, the HR for chronic statin
users being 0.81 (95%C10.72-0.91) and 0.83 (95%CI
0.74-0.93), respectively. Although not statistically
significant, bladder cancer-specific survival might
also be worse for patients with a longer distance
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Fig. 1. Overall survival (A), bladder cancer-specific survival (B),
and time to recurrence (C) in patients who chronically used statins
prior to surgery (green line) and never statin users (red line). Values
depict five-year survival rates with their respective 95% confidence
intervals. P-values were calculated using log-rank tests.
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to the hospital of surgery (p=0.051). Addition of
chronic aspirin and metformin use as covariates in
the multivariable model did not change the findings
that chronic statin use predicted overall (HR 0.78,
95%C10.69-0.89), bladder cancer-specific (HR 0.76,
95%CI 0.65-0.88) and recurrence-free survival (HR
0.80, 95%CI 0.69-0.92).

Considering that most chronic statin users would
have diabetes mellitus and/or cardiovascular comor-
bidities, we conducted a subgroup analysis including
all patients with these comorbidities (supplemen-
tary table 1). These 968 chronic statin users were
still more frequently male (81.3% versus 69.7%,
p<0.001) than the 680 controls, had a higher comor-
bidity index (median eight versus seven, p <0.001)
due to a higher frequency of diabetes (63.2% ver-
sus 49.3%, p <0.001), myocardial infarctions (27.1%
versus 18.4%, p <0.001), and peripheral vascular dis-
ease (24.0% versus 16.8%, p <0.001), and had more
recent surgery (52.4% versus 28.4% having surgery
between 2010 and 2015, p <0.001) in hospitals fur-
ther away from their residence (20.2 versus 16.2 km,
p=0.020) by higher volume surgeons (7.3 versus
6.7 surgeries/year, p=0.041) in higher volume hos-
pitals (13.4 versus 12.8 surgeries/year, p=0.004).
Overall survival, bladder cancer-specific survival and
recurrence-free survival were significantly higher in
chronic statin users (log-rank tests: p <0.001; supple-
mentary figure 1), also after adjusting for potential
confounders, with adjusted HR of 0.77 (95% CI
0.68-0.88), 0.75 (95% CI 0.64—0.88) and 0.77 (95%
CI 0.66-0.90), respectively (supplementary table 2).

Next, we evaluated whether patients who started
statin therapy after RC had better clinical outcomes.
Ninety-one patients started statin therapy in the
year following surgery; the control group consisted
of 1168 never statin users who survived >1 year
(Table 3). Patients who started statins after surgery
were more frequently male (82.4% versus 70.6%,
p=0.016), had a higher comorbidity index (median
seven versus six, p <0.001), and were less frequently
treated in academic hospitals (38.5% versus 51.8%,
p=0.014). Outcome between groups were similar:
five-year overall survival rates were 51.3% versus
52.2% (P=0.57), five-year bladder cancer-specific
survival rates were 62.8% versus 59.9% (p=0.27),
and five-year recurrence-free survival rates were
54.7% versus 52.7% (p=0.49; Fig. 2). Similarly,
in multivariable analyses, HR for death, bladder
cancer-specific deaths, and recurrences were 0.95
(95%CI 0.69-1.30), 0.87 (95%CI 0.59-1.27), and
0.95 (95%CI 0.67-1.33; Table 4).

DISCUSSION

This is the first study to show that chronic statin
use may improve clinical outcomes of bladder can-
cer patients undergoing RC. In line with our findings,
preclinical data suggested that statins may improve
bladder cancer outcome via various mechanisms
of action, including antiproliferative, pro-apoptotic,
anti-inflammatory, and antioxidant activity [21-23].
In other urogenital cancers, statins also inhibited
angiogenesis and invasion/metastasis [24].

Baseline characteristics of patients who started statin therapy within a year after radical cystectomy and never-users who survived at least
1 year post-surgery

Never statin users Statin users P-value!
Number of patients 1168 91
Age, median (IQR) 68 (61-75) 66 (64-73) 0.57
Sex 0.016
— Male 825 (70.6%) 75 (82.4%)
— Female 343 (29.4%) 16 (17.6%)
Charlson’s comorbidity index 6 (5-8) 7 (6-9) <0.001
—Index > 10 91 (7.8%) 10 (11.0%)
— Range 2-15 2-12
Year of surgery 0.06
—2000-2009 756 (64.7%) 50 (54.9%)
—2010-2015 412 (35.3%) 41 (45.1%)
Hospital type, academic 605 (51.8%) 35 (38.5%) 0.014
Distance to hospital in km, median (IQR) 18.2 (7.1-63.6) 18.8 (8.0-57.3) 0.94
Hospital RC volume per active year, median (IQR) 13.4 (7.8-32.2) 12.8 (5.3-16.1) 0.052
Surgeon RC volume per active year, median (IQR) 6.7 (4.7-13.1) 6.7 (4.7-13.1) 0.81
Neoadjuvant chemotherapy 75 (6.4%) 4 (4.4%) 0.44

Values display the median with interquartile range for continuous variables, and the absolute patient number with percentage for categorical
variables. ! P-values were determined using Wilcoxon rank sum tests for continuous variables and Chi-square tests for categorical variables.
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Fig. 2. Overall survival (A), bladder cancer-specific survival (B),
and time to recurrence (C) in patients who started statins in the
year following surgery (green line) and never statin users (red line)
who survived at least one year post-surgery. Values depict five-
year survival rates with their respective 95% confidence intervals.
P-values were calculated using log-rank tests.

Only one other clinical study evaluated statin
use in a similar patient population. This study did
not find significant differences in disease recur-
rence or cancer-specific mortality [14]. They had
access to pathology reports, thus being able to adjust
for differences in tumor stage and grade. Poten-
tially, discrepancies between our findings could be
explained if statin users have less advanced tumors
at surgery; however, Da Silva and colleagues did

not observe a difference in tumor stage and grade
in statin users. Alternatively, the published study
may have been underpowered due to fewer patients
and a shorter follow-up. They stratified by statin
use at the time of RC, regardless of medical his-
tory, while we limited our cases to chronic (>1 year
of statin use) and never statin users. Furthermore,
their reported other-cause mortality rate is signif-
icantly elevated compared to a general age- and
sex-matched population. Considering that patients
with a short expected life span (e.g., due to comorbidi-
ties) would generally not be considered for RC, one
would have expected relatively similar other-cause
mortality rates. Hence, their results suggest under-
reporting of bladder cancer-related deaths. Indeed,
misclassification occurs frequently when using death
certificates to determine the death cause to esti-
mate cancer-specific mortality [25-28]. To prevent
underreporting of cancer-related deaths, we used a
relatively liberal definition of cancer-specific mortal-
ity; in our population, other-cause mortality is only
slightly higher than the mortality rate in a general age-
and sex-matched population, which may be explained
by differences in smoking rates.

Previously, researchers have suggested that the
benefit of statin use may have been confounded
by concomitant aspirin use [29, 30]. After adjust-
ing for chronic aspirin and metformin use in our
multivariable analyses, statins still had a protec-
tive effect: HR for death, cancer-specific deaths
and recurrences in chronic statin users were 0.78
(95%CI 0.69-0.89), 0.76 (95%CI 0.65-0.88), and
0.80 (95%CT 0.69-0.92), respectively.

Our analyses eliminated biases that are common
in studies evaluating an association between statin
use and cancer outcome [6]. We eliminated immortal
time bias: chronic statin users had initiated statin ther-
apy before RC (r=0), and when evaluating patients
who initiated statin therapy postoperatively, we lim-
ited our analyses to patients who survived for >1 year
[6]. Our study is the largest on this topic, reducing
the risk that our cohort was underpowered to detect
significant differences.

However, our results are inevitably subject to
biases. Patients with a lower comorbidity index had
worse clinical outcomes. This appears contradictory,
but can be explained as patients with severe comor-
bidities tend to have more stringent selection criteria
for RC. Inevitably, statin users had a higher comor-
bidity index. Our non-statin user group would likely
include patients unwilling or unable to use statins, for
example due to side effects; such patients might have
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Table 4
Initiation of statin therapy after radical cystectomy does not improve overall, bladder cancer-specific or recurrence-free survival

Multivariable?
0.75 (0.46-1.22)

0.65 (0.36-1.21)
0.84 (0.50-1.42)

Multivariable!
0.95 (0.69-1.30)

0.87 (0.59-1.27)
0.95 (0.67-1.33)

Univariate
0.92 (0.68-1.24)
0.81 (0.55-1.18)
0.89 (0.63-1.24)

Overall survival
Bladder cancer-specific survival
Recurrence-free survival

Hazard ratios with 95% confidence intervals were calculated using the Cox proportional hazards model. ' Adjusted for age, sex, Charlson’s
comorbidity index, year of surgery, type of hospital (academic/non-academic), distance to the hospital, hospital and surgeon’s radical
cystectomy volume, and neoadjuvant chemotherapy. 2Adjusted for age, sex, Charlson’s comorbidity index, year of surgery, type of hospital
(academic/non-academic), distance to the hospital, hospital and surgeon’s radical cystectomy volume, neoadjuvant chemotherapy, chronic

aspirin use, and chronic metformin use.

aworse clinical outcome in general. Healthy user bias
applies to every treatment studied. On the other hand,
we reduced selection bias by including all patients
undergoing RC for bladder cancer in Quebec, thereby
including patients going to non-academic hospitals
and others who would generally not be recruited for
studies.

Our database lacks important variables. Pathology
data is unavailable in the administrative dataset, and
due to privacy legislation, Quebec provincial agen-
cies do not allow patient identification to collect these
data. Statin users may have had less advanced disease
when undergoing radical cystectomy as compared
to non-statin users. Previous studies did not identify
bladder cancer staging as a confounder though, as
there was no association between statin use and blad-
der cancer staging in patients undergoing RC [14].
We were also unable to evaluate a potential dose-
dependent association between statin use and bladder
cancer outcome, as we only had access to medica-
tion purchases for up to two years before RC. We did
not have any laboratory values (e.g., lipid profile) of
patients either. While we know that patients bought
the medication in an outpatient pharmacy, we cannot
verify that they were compliant. On the other hand, it
is unlikely that a patient would buy statins for at least
one year, without taking the medication. Smoking
history was unavailable. Finally, few patients initi-
ated statins postoperatively, resulting in low statistical
power for these analyses.

The clinical importance of this study is that on the
contrary to previous reports [7, 14], we do not find a
negative association between statin use and bladder
cancer outcome. Hence, statins can be safely con-
tinued in bladder cancer patients. Furthermore, the
observed positive associations are hypothesis gener-
ating. We think our results justify a large, independent
cohort study or randomized controlled trial. Prefer-
ably, such a study would include data on pathology
results, detailed information on statin exposure (dura-
tion and dose), and a larger group of patients who

initiate statin therapy after surgery. One phase 2 trial
evaluating simvastatin and metformin in bladder can-
cer patients was started in 2015 (NCT02360618) with
the results not yet reported. Future studies may also
evaluate whether a diet lowering cholesterol impacts
bladder cancer outcome.

In conclusion, chronic statin use may improve out-
comes of bladder cancer patients undergoing RC. Our
findings are in line with a potential protective effect of
statins in preclinical bladder cancer studies and bene-
ficial clinical effects reported in other cancers [4, 31].
Validation of these results in an independent, large
cohort or randomized clinical trial will be necessary.
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