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Method: The Selenium and Bladder Cancer Trial (SELEBLAT) was an academic phase II1
placebo-controlled, double-blind, randomised clinical trial designed to determine the effect
of selenium on recurrence of non-invasive urothelial carcinoma conducted in 14 Belgian hos-
pitals. Patients were randomly assigned by a computer program to oral selenium yeast 200 pg
once a day or placebo for three years, in addition to standard care. All study personnel and
participants were blinded to treatment assignment for the duration of the study. All rando-
mised patients were included in the intention to treat (ITT) and safety analyses. Per protocol
analyses (PPAs) included all patients in the study three months after start date.

Results: Between September 18, 2009 and April 18, 2013, 151 and 141 patients were rando-
mised in the selenium and placebo group. Patients were followed until December 31, 2015.
The ITT analysis resulted in 43 (28%; 95% CI, 0.21—0.35) and 45 (32%; 95% CI, 0.24
—0.40) recurrences in the selenium and placebo group. The hazard ratio (HR) was 0.85
(95% CI, 0.56—1.29; p = 0.44) while the HR for the PPA resulted in 42 and 39 (28%; 95%
CI, 0.20—0.35) recurrences in the selenium and placebo group (HR = 0.96 [95% CI, 0.62

—1.48]; p = 0.93).
Conclusion: Selenium supplementation does not lower the probability of recurrence in BC pa-
tients.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

In 2012, more than 400,000 bladder cancer cases
occurred worldwide [1]. Belgium ranks first in the world
with the highest age-standardised rate for both sexes
before Lebanon and Malta [1]. Indeed, in Belgium,
bladder cancer (BC) is the fifth most prevalent cancer
for both sexes and for men it is the fourth most common
cancer representing 9.6% of all cancers [1]. This number
has been stable over the last five years. Incidence and
mortality rates increase sharply with age and about two-
thirds of patients are 65 years and older [2]. In the
United States of America and probably in most Western
countries, BC has the greatest per-patient lifetime cost
for cancer in terms of health care expenditure compared
with all other types of cancer [3]. Any reduction in the
number of recurrences would reduce these costs and,
more importantly, improve patients’ quality of life.
Evidence supporting the use of selenium as a general
cancer preventive agent includes proof from geograph-
ical, animal, in vitro, and epidemiological studies. High
selenium intake in Venezuela has been associated with a
reduced bladder cancer risk [4,5]. In animal models,
antitumourigenic activity has been observed for metab-
olites of naturally occurring forms of selenium such as
selenomethionine,  selenocysteine, and  methyl-
selenocysteine and inorganic selenium salts, such as
selenite and selenate [6]. Recent in vitro studies have
demonstrated that selenium may be an effective che-
mopreventive and anti-cancer agent with a broad spec-
trum against several human cancer cells (prostate, colon,
bladder, lung, liver, ovarian, leukaemia) including
bladder cancer cells. In total, 28 different selenium
compounds have been reported to have anti-cancer,
chemopreventive or apoptotic activities [7—9]. As

selenium is mainly excreted in the urine, it comes into
direct and prolonged contact with the bladder mucosa,
making its role as a potential chemoprevention agent
biologically plausible. Three case—control studies re-
ported an increased risk of BC, associated with lower
serum [10] and toenail [10—12] selenium concentrations.
A meta-analysis of BC incidence in five observational
studies [13—17] found an inverse association with an
overall risk estimate of 0.67 (95% CI, 0.46—0.97) sug-
gesting a strong protective effect of higher selenium
levels against BC [18]. The results of subsequent reviews
[5,19—22] evaluating selenium for BC risk, available at
time of study onset, suggest that selenium may be suit-
able for chemoprevention as well as for treatment. It is
useful to perform a selenium trial in a country such as
Belgium with a high non-invasive urothelial carcinoma
prevalence where the selenium intake is low due to low
soil selenium content [10].

The Selenium and Bladder Cancer Trial (SELE-
BLAT) trial investigated whether 200 pg/day Selenium-
yeast, in addition to standard care, reduced the risk of
recurrence for patients with non-invasive urothelial
carcinoma.

2. Methods
2.1. Study design

The study was an academic phase III, double-blind,
placebo-controlled, multicentre, randomised trial evalu-
ating the effect of 200 pg/day Selenium-yeast supple-
mentation on the recurrence of non-invasive urothelial
carcinoma. Patients were recruited in 14 hospitals
throughout Belgium (Flanders and Brussels) from
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September 18, 2009 to April 18, 2013. Patients were
followed-up for another three years until December 31,
2015. The study was approved by the ethical review
board of the University Hospital of Leuven acting as the
central ethical review board (ML 5220), by the trial
steering committee and by the appropriate ethical review
boards related to the hospitals in which the study was
performed. The study was registered at ClinicalTrials.
gov number NCT00729287. The SELEBLAT study
protocol has been described in more detail elsewhere [23].

2.2. Participants

Subsequent patients, men and women, at least 18 years of
age, were eligible for inclusion in SELEBLAT, if they
underwent a transurethral resection (TUR) for a histo-
logically confirmed low-grade or high-grade non-invasive
urothelial carcinoma [24] (transitional cell carcinoma of
the bladder), stage Ta, T1, or carcinoma in situ (Tis). In-
clusion and exclusion criteria were described in extenso in
the design paper [23]. All subjects had to be fluent in the
Dutch or French. The most important exclusion criteria
were a history of any type of malignancy within the past
five years and other serious medical or psychiatric illness
that would preclude giving informed consent [23].
Eligible patients received oral and written information
from the research nurse and signed an informed consent
form. The procedures followed were in accordance with
the ethical standards of the responsible committee on
human experimentation (institutional and national) and
with the Helsinki Declaration of 1975, as revised in 2008.

2.3. Randomisation and masking

Patients were randomly allocated to one of the two
groups. The pharmacist of the University Hospital of
Leuven used a computer programme to generate the
sequences stratified by treatment centre in blocks of 50.
Once a patient was deemed to be eligible for the trial and
had given written consent, a trained research nurse
allocated a randomisation number to each patient by
using a hospital-based database designed for the
SELEBLAT study. All study personnel and participants
were blinded to treatment assignment for the duration
of the study. Tablets were identical in appearance. To
evaluate patient blinding, patients were asked by a
questionnaire to indicate which treatment they believed
they had received (selenium, placebo, or ‘don’t know’).
If patients answered either selenium or placebo, they
were asked to indicate what led to that belief.

2.4. Procedures

Patients in each study arm received an oral tablet (se-
lenium or placebo) to be taken daily, in addition to
standard care. The active product was selenium (200 ng/
day, in the form of high-selenium yeast, SelenoPrecise

from PharmaNord, Vojens, Denmark). Placebos were
identical in composition except for the active agents.
Standard care was provided as described by Babjuk
et al. in the ‘guidelines from the European Association
of Urology (EAU) on non-muscle-invasive urothelial
carcinoma of the bladder.” [25,26]. The duration of the
treatment in both arms was three years, in absence of
concurrent illness that prevented further administration
of treatment, an unacceptable adverse event, unaccept-
able toxicity, or if a patient decided to withdraw from
the study. Study participants were supplied with the
study drug and followed on a bi-annual basis for a
period of up to three years. This follow-up phase
entailed questionnaire distribution and monitoring for
adverse events including potential selenium-related
toxicities. The message of compliance was repeated
during each follow-up visit. Patients were encouraged to
return unused medication and empty packs. To monitor
compliance, the research nurse recorded the number of
remaining unused tablets during each follow-up visit.

2.5. Outcome

The primary end-point of SELEBLAT was the
recurrence-free interval defined as the time from the date
of trial entry (TO) to the date of first recurrence in pa-
tients with non-invasive urothelial carcinoma. A recur-
rence was defined as the new occurrence of BC at the
same or at a different site as the index cancer.

The secondary end-point was the progression-free
interval defined as the time from the date of trial entry to
the date of progression. Progression was defined as a
recurrence with an increase in tumour grade from low
(G1—@G2) to high grade (G3), or an increase in tumour-
node-metastasis (TNM) stage, or a new occurrence of
carcinoma in situ (Tis) in the bladder previously free
from such lesions, or a new occurrence of multiple tu-
mours following resection of a solitary tumour, or the
need for a cystectomy because of refractory disease.

Safety and adverse events were continuously reported
by the individual hospital research nurse and addition-
ally formally assessed bi-annually by questionnaires
based on the Common Terminology Criteria for
Adverse Events v3.0 [27].

2.6. Data collection

Patients received a self-completion questionnaire after
TUR, comprising questions about socio-demographics
(age, sex, ethnicity, marital status, education) health-
related lifestyle (lifetime smoking, history, passive
smoking), medical and drug history, dietary intake
(food-type frequency, alcohol, caffeine and total fluid
intake, use of vitamins), social support and quality of
life. Patients’ medical records were examined by the
research nurses for information on clinical treatment,
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histopathology, and outcome measures, which were re-
ported on case report forms.

Selenium value in serum was measured at baseline
and after three years of follow-up. The normal range for
serum selenium levels is between 50 and 150 pg/l.

Grading of tumours was performed following the
1973 World Health Organization (WHO) grading sys-
tem [28] which defines well-differentiated (grade I;
orderly arrangement of normal cells lining delicate
papillac), moderately differentiated (grade II; focal
variation in nuclear appearance) and poorly differenti-
ated transitional cell carcinoma (grade III; the most
extreme nuclear abnormalities) and the revised 2004
classification which renamed the disease urothelial cell
carcinoma (UCC) and classified tumours into low-grade
and high-grade. High-grade disease includes around 1/3
of grade II and all grade III UCC [29]. The current
TNM Classification of Malignant Tumours (TNM) [30]
of non-invasive urothelial carcinoma describes Ta tu-
mours as non-invasive and papillary lesions confined to
the mucosa, Tis, as a flat tumour confined to the mu-
cosa, and T1 invasive tumours that invade the sub-
epithelial connective tissue (lamina propria).

The European Organization for Research and
Treatment for Cancer (EORTC) Bladder Cancer Prog-
nosis calculator was used to calculate the risk of recur-
rence within one year. The calculator was developed to
provide tables that allow urologists to easily calculate a
non-invasive urothelial carcinoma, patient’s short- and
long-term risks of recurrence and progression after
TUR. The calculator implements the EORTC Scoring
System and Risk Tables for Stage Ta T1 Bladder Cancer
as published by Sylvester et al [31]. The software is
available for Windows, iPhone/iPad and Android
phones/tablets.

2.7. Statistical analysis

Sample size calculations were based on the meta-
analysis of Malstréom et al. [32] who investigated recur-
rence after standard treatment (instillations of Mito-
mycine or BCG [Bacillus Calmette-Guérin]). Their
group corresponded best with our placebo-group
(standard care). The absolute difference between the
two groups was based on the difference in percent of
recurrence after three years. A difference of 12.5% in
absolute reduction could be expected, considering that
the intake of 200 pg of selenium increases serum sele-
nium by +100 mg/dl [33] and that, according to epide-
miological studies, the incidence of BC decreases by 25%
if serum selenium increases by 10 mg/dl [10]. To detect
an absolute decrease of 12.5% in the recurrence-free rate
by selenium versus placebo, 700 patients need to be
recruited, taking into account a drop out of 25% with a
power of 86% (two-sided test).

All randomised patients were included in the inten-
tion to treat (ITT) and safety analyses. Kaplan—Meier

estimates of a recurrence-free interval were used to
compare treatment groups descriptively, while log-rank
tests were used to test the hypothesis of no difference
between treatments. Cox proportional hazards regres-
sion models were used to estimate the hazard ratio (HR)
and 95% confidence intervals (CI) comparing patients
randomised to selenium or placebo. The start date of the
trial (T0) was the day the informed consent was signed.
The end date for each patient was the day of recurrence,
cystectomy or death, or the day the patient withdrew
from the trial, or three years after TO, or the end date of
the trial (December 31, 2015).

Per protocol analysis (PPA) included all patients in the
study three months after the starting date (T3). Patients
who withdrew as well as patients with cystectomy within
the first three months were excluded from PPA. Tumours
identified within the first three months were considered as
incompletely resected primary tumours in patients who
were macroscopically tumour-free after the first resection.

Two sensitivity analyses were performed excluding all
patients that ended the trial prematurely, the first based
on ITT analysis, the second based on PPA. Further-
more, the estimates were adjusted for age, gender,
smoking status, staging, baseline serum selenium level
and hospital as well as controlled for interaction be-
tween treatment and gender, age, or smoking status.

Furthermore, a Data Safety Monitoring Board
(DSMB), comprised individuals with expertise in the
areas of medicine and biostatistics, was established to
serve as an external review committee to monitor the
progress of the study including accrual and adverse
events. In May 2012, the DSMB examined the data and
the results of the Kaplan—Meier estimates, the log-rank
test and the Cox proportional hazards of the first 100
patients and recommended the trial to be continued. In
December 2015, the DSMB approved unblinding of the
study subjects.

All analyses were performed using STATA (Stata-
Corp. 2009. Stata Statistical Software: Release 14. Col-
lege Station, TX: StataCorp LP).

3. Results

Six hundred and ninety-four patients were assessed for
eligibility between September 18, 2009 and April 18,
2013 of whom 292 were randomised (Fig. 1). Thirty-
three patients (15 and 18 in the selenium and placebo
group) discontinued intervention before three months:
one patient died, three patients underwent cystectomy,
13 patients withdrew consent and 16 patients did not
meet inclusion criteria.

3.1. Baseline patient characteristics

Baseline characteristics were similar in both groups and
are summarised in Table 1. Median age was 68 years
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Fig. 1. SELEBLAT trial profile.

ranging from 46 to 90 and 91 years for the selenium and
the placebo group. Mean serum selenium values were
83.8 mg/dl and 82.9 mg/dl for the selenium group and
placebo group. Most of the patients had a solitary (54%
and 57%) primary (67% and 62% for the selenium and
placebo group) tumour.

4. Outcome

Median overall follow-up was 17.93 months (range,
0.13—36 months). Detailed characteristics of the pa-
tients with recurrence are summarised in Table 2.

4.1. Primary outcome: recurrence

The ITT analysis showed recurrence in 43 (28%; 95% CI,
0.21-0.35) and 45 (32%; 95% CI, 0.24—0.40) patients in
the selenium and placebo group. HR was 0.85 (95% CI,
0.56—1.29). The log-rank test was not significant
(p = 0.44). Adjustment for age, gender, smoking status,

staging, baseline serum selenium level and hospital did
not alter the results. There was no interaction between
treatment and gender, age or smoking status. Excluding
those patients who discontinued the intervention did not
alter HR of ITT analysis (p = 0.39).

PPA, performed for all patients still participating at
T3, showed an overall recurrence for 42 and 39 (28%;
95% CI, 0.20—0.35) patients in the selenium and placebo
group (HR = 0.96 [95% CI, 0.62—1.48]). The log-rank
test was not significant (p = 0.85) (Fig. 2). Excluding
those patients who discontinued the intervention resul-
ted in an HR of 0.94 (95% CI, 0.61—1.45). The log-rank
test was not significant (p = 0.78) (Table 3).

4.2. Secondary outcome: progression

Twenty-nine patients showed progression of whom 15
occurred in the selenium group and 14 in the placebo
group. Performing the ITT analysis resulted in an HR of
0.97 (95% CI, 0.47—2.00; p = 0.93). After three months
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Table 1
Baseline demographic and clinical characteristics of the SELEBLAT
participants.

Table 2
Characteristics of the patients with histopathologically confirmed re-
currences in the SELEBLAT study.

Characteristics Selenium 200 mcg Placebo Characteristics Selenium 200 mcg Placebo
N =151 (%) N =141 (%) N =43 (%) N =45 (%)

Follow-up time (months) Sex
Median (range)  17.93 (0.13-36) 17.82 (0.36—36) Male 35 (81.4) 36 (80.0)

Sex Female 8 (18.6) 9 (20.0)
Male 131 (86.8) 111 (78.7) Age
Female 20 (13.2) 30 (21.3) Median (range) 66.5 (46—87) 70.5 (51-90)

Age Smoking status
Median (range) 68 (46—90) 68.5 (46—91) Never smoker 6 (13.9) 10 (22.2)

Blood selenium level Ever smoker 16 (37.2) 15 (33.3)
Mean (SD) 83.8 (21.5) 82.9 (14.9) Current smoker 8 (18.6) 3 (6.7)

Smoking status Unknown 13 (30.2) 17 (37.8)
Never smoker 26 (17.2) 26 (18.4) Baseline risk of recurrence within one year
Ever smoker 57 (37.7) 53 (37.6) 15% 8 (18.6) 6 (13.3)
Current smoker 27 (17.9) 10 (7.1) 24% 8 (18.6) 10 (22.2)
Unknown 41 (27.2) 52 (36.9) 38% 9 (20.9) 12 (26.7)

Primary tumour 61% 2 4.7) 0 (0.0)
Primary 102 (67.3) 88 (62.4) Unknown 16 (37.2) 17 (37.8)
Recurrent 35 (23.2) 41 (29.1) Tumour grade (recurrence)

Unknown 14 9.3) 12 (8.5) Low grade 16 (37.2) 24 (53.4)

Tumour grade High grade G3 12 (27.9) 6 (13.3)
Low grade 96 (63.5) 94 (66.7) Unknown 15 (34.9) 15 (33.3)
High grade G3 38 (25.2) 33 (23.4) Tumour stage* (recurrence)

Unknown 17 (11.3) 14 9.9) pTa 21 (48.8) 27 (60.0)
Tumour stage (histopathology) pT1 2 4.7) 5 (11.1)
pTa 93 (61.6) 94 (66.7) Cis 7 (16.3) 1 (2.2)
pT1 31 (20.5) 30 (21.3) >T2 2 4.7 1 (2.2)
Cis 13 (8.6) 3 2.1 Unknown 11 (25.5) 11 (24.5)

Unknown 14 9.3) 14 9.9) Tumour diameter (recurrence)

Tumour diameter <3 cm 7 (16.3) 8 (17.8)
<3cm 103 (68.2) 99 (70.2) >3 cm 2 4.7) 1 (2.2)
>3 cm 32 (21.2) 23 (16.3) Unknown 34 (79.0) 36 (80.0)
Unknown 16 (10.6) 19 (13.5) Number of tumours (recurrence)

Number of tumours Solitary 6 (14.0) 4 (8.9)
Solitary 81 (53.6) 80 (56.7) 2—-7 9 (20.9) 6 (13.3)
2-7 54 (35.8) 44 (31.2) >8 0 (0.0) 0 (0.0
> 8 2 (1.3) 2 (1.4) Unknown 28 (65.1) 35 (77.8)
Un.knov.vn 14 . ©.3) 15 (10.6) SD = standard deviation.

Baseline risk of recurrence within one year * Based on histopathology.

15% 27 (17.9) 33 (23.4)
24% 41 (27.2) 20 (14.2)
0,
g?é‘ gg 850)2 ) 4110 %37';1) the exception of pain which was grade II. Other side
Unknown 0 (27.8) 47 (33.3) effects reported were: back and neck pain, constipation,

SD = standard deviation.

(T3), progression was seen in 24 patients. The mean
progression time was 22 months for both groups. Pa-
tients taking selenium had 48% more chance of pro-
gression than those in the placebo group, although not
statistically significant (HR = 1.48 [95% CI, 0.65—3.38];
p = 0.35). Excluding those patients from the analysis
who discontinued their treatment resulted in a similar
HR.

In total, 13 patients underwent cystectomy (6 and 7 in
the selenium and placebo group) and 23 patients died
(13 and 10 in the selenium and placebo group).

Seven and ten patients reported side-effects in the
selenium and placebo group. The side effects were
similar in both groups (Table 4) and were grade I with

disturbed sleep, vertigo and arthralgia. One patient re-
ported nausea, pain and stomach problems, another
reported both vertigo and diarrhoea.

Both groups were similar in their blinding assessment
of the study drug. When questioned, two thirds of the
patients in both groups had no idea whether they were
taking selenium or placebo. Almost 20% of the selenium
group thought they were taking selenium so did 15% of
the placebo group. Seven and four percent of patients
were convinced they were taking placebo in the placebo
group and the selenium group, respectively. There was
no difference in the appreciation of the odour or taste of
the tablets between the two groups.

Overall, 82 patients returned their blister bags. For
these patients adherence to treatment was excellent
(98—100%) with only one patient of the placebo group
with a lower adherence of 84%. There was no
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Fig. 2. Cumulative probability of no recurrence in the SELEBLAT study three months after start date.

statistically significant difference in compliance between
the two treatment groups.

Serum selenium values at 36 months were available
for 67 patients (55%). Three patients in the selenium
group did not have elevated serum selenium in their
blood (70.1, 75.2 and 80.6 mg/dl), while one patient in
the placebo group did have elevated serum selenium
(179.3 mg/dl). The mean serum selenium in the selenium
group was 187.6 mg/dl + 57.7 mg/dl versus 88.9 mg/
dl &+ 22.2 mg/dl in the placebo group. Serum selenium
values differed statistically significantly between the two
groups (p = 0.000).

5. Discussion

Based on the findings from epidemiological studies, we
hypothesised that selenium could prevent recurrence in
non-invasive urothelial carcinoma. However, our main
analysis in this intervention trial showed no difference in
recurrence for non-invasive urothelial carcinoma be-
tween intervention and control group. ITT analysis and
PPA provided similar results.

We hypothesised that selenium could be a suitable
chemoprevention drug for recurrence in non-invasive
urothelial carcinoma. Our hypothesis was based on the
results of geographical [4,5], animal [6], in vitro [7—9]
and epidemiological studies [10—17]. Those studies re-
ported a decreased risk of BC incidence. At that
moment, there were no studies available on the influence
of selenium on the recurrence of BC. The SELEBLAT
study was the first clinical trial to investigate selenium
supplementation to reduce recurrence in BC patients.

The Nutritional Prevention of Cancer (NPC) study of
Clark in 1996 was the first intervention study with
selenium-yeast that showed a decrease in the incidence
of prostate, lung, and colorectal cancers in the selenium-
supplemented group of older Americans. The effect
seemed to be the strongest in the individuals with the
lowest selenium status (<123.2 pg/l) [34]. However, a
large prevention trial with more than 30,000 partici-
pants, the Selenium and Vitamin E Cancer Prevention
Trial (SELECT), did not show a benefit of selenium
supplementation in reducing the risk of prostate cancer
in a population of healthy men [35]. In 2012, a second-
ary analysis on BC was performed in the SELECT
study. No significant difference in the BC incidence was
found in this intervention study between 53 men
receiving placebo, 56 receiving vitamin E (HR 1.05, IQR
0.64—1.73, p = 0.79), 60 receiving selenium (HR 1.13,
0.70—1.84, p = 0.52) or 55 receiving vitamin E plus
selenium (HR 1.05, 0.63—1.70, p = 0.86) [36].
However it could be argued that the lack of positive
effect of selenium supplementation on cancer recurrence
observed in this study may have been due to the limi-
tations of the study. First of all, the lack of beneficial
effect of selenium might be due to a type II error. Indeed
we aimed to recruit 700 patients during the three-year
lasting recruitment period to answer our research
question with sufficient power. Our power analysis was
based on the fact that incidence of BC decreases by 25%
if serum selenium increases by 10 mg/dl [10]. Intake of
200 pg of selenium increases serum selenium by
+100 mg/dl [33]. We could expect a decrease in BC
incidence of at least 50% with an increase of more than
20 mg/dl serum selenium. We hypothesised that a
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Table 3
Recurrence and progression in the SELEBLAT study.

Exposure category Recurrence, N No recurrence, N

Crude HR (95% CI) Adjusted# HR (95% CI)

Primary outcome: recurrence
Intention to treat analysis

Placebo 45 96

Selenium 200 mcg 43 108
Sensitivity analysis*

Placebo 45 64

Selenium 200 mcg 43 76
Per protocol analysis**

Placebo 39 84

Selenium 200 mcg 42 93
Sensitivity analysis*

Placebo 39 66

Selenium 200 mcg 42 75

Progression N
Secondary outcome: progression
Intention to treat analysis

No progression N

Placebo 14 127

Selenium 200 mcg 15 136
Sensitivity analysis***

Placebo 14 95

Selenium 200 mcg 15 104
Per protocol analysis**

Placebo 9 112

Selenium 200 mcg 15 120
Sensitivity analysis***

Placebo 9 96

Selenium 200 mcg 15 102

Reference Reference
0.85 (0.56—1.29) 0.88 (0.58—1.35)
Reference Reference
0.83 (0.55—1.27) 0.87 (0.57—1.32)
Reference Reference
0.96 (0.62—1.48) 1.01 (0.65—1.57)
Reference Reference
0.94 (0.61—1.45) 0.99 (0.64—1.54)
Reference Reference
0.97 (0.47—2.00) 0.89 (0.42—1.86)
Reference Reference
0.95 (0.46—1.98) 0.87 (0.41—1.83)
Reference Reference
1.48 (0.65—3.38) 1.45 (0.62—3.35)
Reference Reference
1.45 (0.63—3.32) 1.41 (0.61—3.26)

HR = Hazard Ratio, CI = confidence interval.

* 64 patients stopped prematurely and were excluded from the analysis, 32 in each treatment arm.

** Time starts three months after starting date (T3).

**% 70 patients stopped prematurely and were excluded from the analysis, 34 and 36 in the selenium and placebo group.
# Adjusted for age, gender, smoking status, staging, baseline serum selenium level and hospital.

Table 4
Side-effects reported in the SELEBLAT study.

Selenium 200 mcg Placebo
Nausea 1 (grade I) 0
Fatigue 1 2 (grade I)
Nail symptoms 0 1 (grade I)
Diarrhoea 1 (grade I) 1 (grade I)
Pain 1 (grade 1I) 0
Stomach/intestinal 1 (grade I) 4
Vertigo 1 0
Constipation 1 1
Back and neck pain 1 0

reduction of 12.5% in recurrence would be reasonable
with a serum selenium increase of 100 mg/dl. Moreover,
in the Belgian case control study mean serum selenium
level in cases was 78.77 ng/l compared with 92.31 pg/l in
controls [10]. This contrasts with the patients enrolled in
the NPC and the SELECT trials, who had higher initial
serum levels of selenium (113 pg/l and 135 pg/l, respec-
tively) [37]. Hence, Belgian BC patients could benefit
more from selenium intake given their low selenium
serum level. A second reason for not reaching the target
of 700 patients was a high percentage of ineligible pa-
tients. We screened 694 patients with BC for eligibility
and only 292 patients were suitable for randomisation

and met inclusion criteria. Furthermore, the percentage
of recurrence was lower than expected. The baseline risk
of recurrence for our patient cohort in the first year
calculated with the EORTC Bladder Cancer Prognosis
calculator [31] was 27%. In our study, however, only
14—15% actually showed recurrence during the first year
of follow-up. After nearly three years of follow-up, 30%
were diagnosed with recurrence in contrast with 43% in
the meta-analysis of Malstréom [32] on which we had
based our power analysis. We do not believe there was a
problem of recurrence under-reporting as rigorous
controls were performed. We therefore assume that the
implementation of the new EAU guidelines concerning
standard treatment of non-invasive urothelial carcinoma
[25,26] among which the immediate instillation of
mitomycin C after TUR might be responsible for the
lower recurrence rates. The meta-analysis of Malstrém
was indeed mainly based on records of patients from
before the existence of the above-mentioned guidelines
(only two of the nine trials recruited patients after 2000),
which may explain their higher incidence of recurrence.
Other reasons for the lack of beneficial effect of selenium
could be the different form of selenium used, seleno-
methionine, compared to Se-enriched yeast in the NPC
study [38]. In our study we used the Se-enriched yeast.
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Moreover, selenium levels might not have been different
enough between groups to result in a clinically mean-
ingful effect. This explanation seems unlikely since pa-
tients had the expected low serum selenium levels at
study entry (83.3 pg/l in the control and 82.6 pg/l in the
selenium group) which significantly increased to
187.6 pg/l for the experimental group. Furthermore
despite efficient randomisation, the two groups were not
exactly similar, reflected in differences in baseline char-
acteristics. There were more men, more Tis tumours and
more current smokers in the selenium group. This may
have negatively influenced the results of this group.
However, on the one hand, these differences were not
statistically significant, on the other hand, the HRs
adjusted for age, gender, smoking status, staging, base-
line serum selenium level and hospital were similar to
the crude HRs.

Moreover, a similar study was performed in the United
Kingdom. This study, the Selenib (ClinicalTRials.gov
NCT00553345) [39], has closed with almost the same
number of patients and we will be able to pool results after
publication. This will enable us to report on a sufficient
number of patients.

As Jan Vandenbroucke explained in his Austin
Bradford Hill Memorial Lecture in 2007 [40], new dis-
coveries found in epidemiological studies need confir-
mation. The SELEBLAT study could not confirm the
hypothesis that selenium is suitable in chemoprevention
of non-invasive urothelial carcinoma. The secondary
analysis of the SELECT study evaluating the influence
of selenium on the incidence of BC could not confirm a
protective effect of selenium on the incidence of BC.
These negative results contradict earlier epidemiologic
studies and make selenium currently unsuitable as che-
mopreventive agent in bladder cancer. A very recent
meta-analysis reported similar negative results on sele-
nium and bladder cancer [41]. As mentioned ecarlier the
results of the Selenib study [39] will confirm or reject the
results of the SELEBLAT study in the near future.

6. Conclusion

Selenium, in addition to standard care, did not diminish
recurrence in bladder cancer patients compared to pla-
cebo. Based on the result of the SELEBLAT study, we
do not recommend prescribing selenium to patients in
order to prevent recurrence of early bladder cancer at
this moment.

Trial registration

ClinicalTrials.gov identifier: NCT00729287.

Availability of the protocol, data and material

The protocol has been published [23].
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