European Journal of Cancer, Vol. 35, No. 7, pp. 1123-1129, 1999
(© 1999 Elsevier Science Ltd. All rights reserved

Printed in Great Britain

0959-8049/99/$ - see front matter

Pergamon

PII: S0959-8049(99)00057-X

Original Paper

Antitumour Immunity of Bacillus Calmette-Guerin and
Interferon Alpha in Murine Bladder Cancer

Y.H. Gan,'! Y. Zhang,! H.E. Khoo! and K. Esuvaranathan?

'Department of Biochemistry; and 2Department of Surgery, National University of Singapore,
5 Lower Kent Ridge Road, 119260 Singapore

Intravesical Bacillus Calmette—-Guerin (BCG) immunotherapy is currently the optimal choice for
aggressive superficial bladder cancer, with a 70% response rate. This study investigated whether the
antitumour response elicited by BCG could be improved by the addition of recombinant interferon
alpha (IFN«x) in the subcutaneous murine MB49 bladder tumour model. The combination of BCG and
IFN« had superior and earlier antitumour activity than BCG alone for MB49 cells in culture. A total
of 14/15 BCG plus interferon-treated mice and 8/16 BCG-treated mice became tumour free after
treatment. BCG or the combination treatment significantly raised the T-helper 1 (Thl) cytokine IFNy
levels compared with levels in all other groups. Whilst BCG therapy alone increased CD4" and CD8*
populations in spleens, the combination of BCG and IFN« also increased «f3* T cells significantly.
Our results suggest that the combination of BCG and IFNx may represent a more efficacious thera-
peutic than BCG alone for superficial bladder cancer. © 1999 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

INTRAVESICAL Bacillus Calmette—-Guerin (BCG) has been
shown to eliminate tumours and prevent recurrences of tran-
sitional cell carcinomas (TCC) of the bladder with routine
complete response rates of 60-70% [1,2]. Whilst BCG is the
most successful example of immunotherapy to date, the
mechanism by which it inhibits tumour growth remains
unclear. Furthermore, two major problems exist: a significant
proportion of patients do not respond to BCG therapy and
side-effects are common [3]. These limit its use in clinical
practice.

Other than BCG, interferon alpha-2b (IFN«2b) has also
been used as an intravesical agent for superficial bladder
cancer, with some success. However, its response rate of 40%
has been overshadowed by that of BCG [4,5]. Nevertheless,
a significant proportion of BCG non-responders has been
cured with IFNa2b [6]. In contrast to BCG, intravesical
IFNo therapy has few and usually mild side-effects [4, 5].

Intravesical instillation of BCG causes a non-specific acti-
vation of the local cellular immune response. This response is
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T-lymphocyte dependent [7-9] and is modulated by T-
helper 1 (Thl) and T-helper 2 (Th2)-like cytokines, pri-
marily interleukin-2 (IL-2), interferon gamma (IFNy),
tumour necrosis factor alpha (TNFa), IL-6, IL-8, IL-10 and
IL-12 [10]. BCG also causes upregulation of major histo-
compatibility complex (MHC) class II proteins [11, 12] and
intercellular adhesion molecule-1 (ICAM-1) [10]. Unlike
BCG, the antitumour effects of IFNa2b are believed to be
primarily direct. IFNa can inhibit tumour proliferation and
induce differentiation. Interestingly, it enhances the expres-
sion of tumour-associated antigens and MHC molecules
[13, 14]. It can also expand the activity of natural killer (NK)
cells [15].

These studies suggest that BCG and IFNo2b may act
through different mechanisms and their combined use could
be synergistic. Our previous studies on their direct anti-
proliferative and cytolytic activity, and the modulatory effect
on cytokine production by human bladder carcinoma cell
lines [16, 17] raise the possibility that combined use of these
intravesical agents may be beneficial for clinical practice.
Therefore, we investigated the antitumour effects of BCG or/
and IFNo on MB49, a murine bladder cancer cell line, in
vitro and in the subcutaneous murine bladder carcinoma
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model n vivo. We also examined and compared the pheno-
type of splenocytes from mice receiving the different treat-
ments as well as their cytokine expression profile in the
spleen.

MATERIALS AND METHODS

Amnimals and tumour cells

C57BL/6] female mice (approximately 6 weeks old) were
obtained from the Laboratory Animals Centre of the
National University of Singapore and maintained at the Ani-
mal Holding Unit of the university. Murine bladder cancer
cell line MB49 was kindly provided by Timothy L. Ratliff
(University of Iowa, U.S.A.). The cells were routinely grown
in RPMI-1640 supplemented with 5% fetal bovine serum
(FBS), 5mM sodium pyruvate, 4mM glutamine and a
2% solution of antibiotics (penicillin G 5000 U/ml and
streptomycin sulphate 5000 pg/ml) (all from Sigma, St Louis,
Missouri, U.S.A.), incubated at 37°C in the presence of 5%
COs,.

BCG and IFN«

BCG, living organisms of an attenuated strain of Myco-
bacterium bovis (Connaught strain, 13.78x10% colony-form-
ing units/vial, containing 81 mg freeze-dried BCG powder),
was obtained from Connaught (Willowdale, Canada). Mur-
ine recombinant IFNo was purchased from Gibco BRL
(Gaithersburg, Maryland, U.S.A.).

Chyrotoxiciry assay

The assay detected the cytolytic activity of BCG and/or
IFNo by the release of radioactivity from the target cells as
described previously [16]. Briefly, MB49 cells were labelled
while in the exponential growth phase with 2 uCi of [**C]-
thymidine for 24 h at 37°C. The labelled cells were plated in
96-well flat-bottomed tissue culture plates (1x10% cells/well).
They were incubated with or without BCG (500 pg/ml) or/
and IFNa (1000U/ml) at 37°C for 72h. The supernatants
were harvested and the radioactivity measured with a liquid
scintillation counter. Spontaneous release was measured in
target cells cultured in medium alone and maximum release
was measured from cells which had been lysed in 1% sodium
dodecyl sulphate (SDS). This experiment was repeated three
times in quadruplicates.

The percentage specific release was calculated as follows:

Specific release (%) =

c.p.m. test release — c.p.m. spontaneous release 100

c.p.m. maximal release — c.p.m. spontaneous release

Tumour transplant and trearment schedule

A single cell suspension containing 5x 10> MB49 cells in
0.1 ml phosphate-buffered saline (PBS, pH 7.2) was injected
subcutaneously into the right thigh. After 24 h, the mice were
randomised to different treatment groups, each to be treated
intralesionally with PBS, IFNa (1000U), BCG (500 ug=
8.5x10° colony-forming units) or combined BCG (500 pug)
and IFNao (1000U) in 0.1 ml injections. In another experi-
ment, mice were injected with subcutaneous tumours for 1
week before treatment. Only those with a uniform tumour
size of approximately 0.12 cm? were selected and randomised
into four groups for the intralesional treatments. Treatment
was given once a week for 5 weeks. Tumour size was mea-
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sured with callipers and a ruler at various time points after
injection up to day 27. The calculation for tumour volume
was performed by the formula: length xwidth xheight.

For rechallenge experiments, mice were rested for 4 weeks
after the last intralesional treatment before they were injected
subcutaneously with 5x10°> MB49 cells on their left thighs.
Controls included age-matched naive mice, as well as non-
tumour-bearing mice that had similarly received BCG or
BCG and IFNu treatments for 5 weeks and rested for 4
weeks.

Spleen cell harvesting and RNA extraction

24 h after the last treatment, the mice were sacrificed and
the spleens aseptically removed. Single cell suspensions from
the spleen were harvested. Total RNA was extracted from
1x107 spleen cells using 1ml Trizol reagent (Gibco BRL)
according to the manufacturer’s instructions.

Reverse transcriptase—polymerase chain reaction (RT-PCR)

Five micrograms of total RNA was reverse transcribed with
0.2puM oligo-dT [16], 1 uM deoxynucleotide triphosphates
(dNTP), 50 U M-MLV-RT (Promega, Madison, Wisconsin,
U.S.A)) and 30U RNasin (Angewandte Gentechnolgie Sys-
teme, Heidelberg, Germany). The reaction was performed at
37°C for 1h.

PCR was carried out in an automatic DNA thermal cycler
(Hybaid Omni-Gene, Middlesex, U.K.). For the amplification
of cDNA, 0.2mM dNTP, 0.6 U Taq polymerase (Finnzymes
OY, Espoo, Finland) and 0.4 pM sense and antisense primers
were used. Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) served as an internal control and a curve of cDNA
concentration was plotted against the amplified GAPDH
values. A concentration within the linear portion of the graph
was used for all subsequent reactions and all other cytokine
values were normalised to the corresponding GAPDH values
for comparisons between samples. Relative mRNA levels
were determined using the BioProfile software of a photo-
imager (Vilber Lourmat, Marne La Vallee, France).

The sequences of the primers for the PCR were as follows:
GAPDH: antisense CACCCTGTTGCTGTAG; sense
GTCGGTGTGAACGGAT; IL-6: antisense CTCCTTC-
TGTGACTCC; sense GCCTTCCCTACTTCAC; IL-10:
antisense CTCTTCACCTGCTCCA; sense ACTGCTAT-
GCTGCCTGC; GM-CSF: antisense GAAATCCGCATA-
GGTGG; sense GGCCATCAAAGAAGQC; IFNYy: antisense
CCGCTTCCTGAGGCTG; sense ACTGCCACGGCA-
CAGTC; TNFao: antisense CAGATTGACCTCAGCGC;
sense GAACTTCGGGGTGATCG; IL-2: antisense GAG-
TCAAATCCAGAACATGCCGCAG; sense TGATGGAC-
CTACAGGAGCTCCTGAG; IL-4: antisense CATGGT-
GGCTCAGTACTA; sense GTCTCTCGTCACTGAGGGG.

Flow cytometry

Single cell suspensions were labelled with anti-CD4 and
anti-CD8 antibodies that were conjugated to phycoerythrin
(PE; Pharmingen, San Diego, California, U.S.A.). af§ T cells
were labelled with antibodies conjugated to biotin (Pharmin-
gen), followed by streptavidin conjugated to fluorescein iso-
thiocynate (FITC; Boehringer Mannheim, Indianapolis,
Indiana, U.S.A.). Isotype control antibodies were also inclu-
ded (Pharmingen). The labelled cells were analysed on a dual
laser flow cytometer (Coulter Epics Elite, Miami, Florida,
U.S.A).
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Statistical methods

The data were analysed using the Mann—Whitney test for
the i virro cytotoxicity and cytokine mRNA expressions. The
Mann—Whitney test was also used for comparing tumour
growth among the different treatment groups at individual
time points and the two-way ANOVA test was used to com-
pare tumour growth between treatment groups over time. P
values of <0.05 are deemed significant. All statistical analyses
were performed with the GraphPad Prism 2.0 software
(California, U.S.A.).

RESULTS

Chyrolytic effect of BCG or/land IFNo on MB49 cells

The effect of BCG and IFNa on MB49 cells was examined
by treating them with 500 pg/ml BCG and 1000 U/ml IFN«
for 3 days, after initial experiments showed these to be the
optimal doses (data not shown). BCG and IFNa alone exer-
ted a low but significantly different cytolytic effect on MB49
cells (6.2% and 2.5%, respectively, < 0.0001). A combina-
tion of BCG and IFNua had an additive cytolytic effect of 9%
on MB49 cells and this was significantly higher than BCG
treatment alone (P=0.0043).

Intralesional therapy on tumour growth

The effects of BCG and IFNao, either alone or in combi-
nation, on locally growing MB49 bladder carcinoma are pre-
sented in Figure 1(a). Significant tumour growth inhibition was
observed in the BCG-treated group compared with the PBS
control group at day 25 (P=0.002) and day 27 (P=0.005).
Combination treatment with BCG and IFNa resulted in a
much earlier inhibition at day 14 (P=0.018), day 18
(P=0.003), day 25 (’=0.003) and day 27 (?=0.003) com-
pared with the PBS control group, achieving a much more
pronounced inhibitory effect on tumour growth than BCG
alone. Surprisingly, treatment with IFNo showed enhanced
tumour growth when compared with the PBS control group.
Although there was no significant increase in tumour size
between the IFNa-treated group and the PBS control group
at any single time point examined, except at day 21
(P=0.018), the overall increase in tumour growth of the
IFNo-treated group compared with the control group over
time was significant, as measured by the two-way ANOVA
test (P=0.0004). Similarly, both the BCG (P=0.023) and
the combination (2<0.0001) treatment showed a significant
inhibition of tumour growth over time compared with the
PBS controls. In fact, the overall inhibition of growth by the
combination treatment was significantly higher than that
effected by BCG alone (P<0.0001). When the numbers in
two separate experiments were combined, 14/15 combina-
tion-treated mice had complete tumour regression compared
with 8/16 BCG-treated mice (Chi square test, P<0.001).

To control for the variability in the number of tumour cells
injected, the experiment was repeated by selecting animals
with an initial uniform tumour size and randomly dividing
these animals into the four treatment groups as described in
Materials and Methods. The tumour growth pattern was
similar to the previous experiment (Figure 1b). Both the
BCG (P=0.012) and the combination (P<0.0001) treat-
ments showed a significant reduction in tumour size com-
pared with the PBS controls over time. The combination
treatment was also significantly better than the BCG treat-
ment over time (P=0.019). However, none of the mice had
complete tumour regression.
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Cytokine expression in splenocytes

We compared cytokine expression in the splenocytes of
tumour-bearing mice with those from normal mice to see if
tumour growth affected endogenous cytokine production.
Both tumour-bearing mice and control (no tumour) mice
expressed mRNAs for I1L-2, IL-6, IL.-10, TNFo, GM-CSF
and IFNy. Except for IFNYy, there was no significant differ-
ence in the expression of the mRNAs of these cytokines
among all the groups. After treatment with BCG, expression
of IFNy mRNA in these mice was significantly higher than
the PBS-treated tumour-bearing group (P=0.001) and the
IFNoa-treated group (P=0.009) (Figure 2). Tumour-bearing
mice treated with BCG and IFNu also expressed more IFNy
mRNA compared with the PBS-treated group (P=0.001)
and the IFNoa-treated group (P=0.09). However, mice trea-
ted with BCG alone expressed slightly more IFNy mRNA
than those treated with BCG and IFNa. BCG treatment
could also induce a higher IFNy mRNA expression in normal
non-tumour-bearing mice, but these levels were not as high
as those induced in the tumour-bearing mice (Figure 2a).
The combination treatment failed to induce higher IFNy
mRNA levels compared with the other treatment groups in
the non-tumour-bearing mice.
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Figure 1. Effect of the various treatments on tumour pro-
gression. (a) Mice were treated 24h after tumour cell injec-
tion. Arrows on the x-axis represent when the first to the fifth
intralesional treatments were given. Data represent the
+ standard error of the mean (SEM) of seven, six, five and five
mice in the phosphate-buffered saline (PBS)-, Bacillus Calm-
ette-Guerin (BCG)-, interferon alpha (IFN-«x)- and the com-
bination-treated groups, respectively. (b) Mice were injected
with tumour cells 1 week before treatment commenced. Data
represent the * SEM of seven mice in the PBS-, IFNx- and
combination-treated groups and eight mice in the BCG-
treated group.
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Phenotypic characterisations of splenocytes
Flow cytometric analysis of splenocytes from mice with
phenotype-specific monoclonal antibodies showed that the
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CD4*, CD8* and af* populations in tumour-bearing,
PBS-treated mice were decreased compared with the non-
tumour-bearing controls (Table 1). After treatment with
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Figure 2. (a) The relative mRNA levels for interferon gamma (IFNvy) in the splenocytes of mice. Each symbol represents one

mouse belonging to the non-tumour-bearing control (NC), phosphate-buffered saline (N-PBS)-, Bacillus Calmette-Guerin (N-

BCG)-, interferon alpha (N-IFN«x)-, BCG plus IFNa (N-BCG+IFNx)-treated groups, and tumour-bearing PBS (PBS)-, IFN«x

(IFN«x)-, BCG (BCG)- and BCG plus IFNx BCG-IFN«a-treated groups. The mean mRNA level for the NC mice was arbitrarily
set at 1. (b) A representative set of gels showed the IFNy mRNA level in the splenocytes of the different groups of mice.
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BCG or the combination of BCG and IFNa, the CD4* and
CDS8™* populations returned to slightly higher levels than the
non-tumour-bearing control group and these levels were
much higher than the PBS-treated tumour-bearing group.
The combination of BCG and IFNa also significantly
increased the aff* percentage (P=0.036).

In order to ascertain if these changes effected by the var-
ious treatments were particular to tumour-bearing mice, we
examined the effects various treatments had on normal non-
tumour-bearing mice. The CD4* population was higher in
all the treated groups compared with the PBS-treated con-
trols. Therefore, tumour-bearing mice had suppressed T cell
subset percentages. BCG and the combination treatment in
all mice raised the percentage of CD4* T cells.

Secondary challenge of BCG- and combination-treated mice with
tumour

In two separate experiments, 5/6 and 9/9, of the combina-
tion-treated group remained tumour free 4 weeks after the
termination of intralesional treatment while only 5/8 and 3/8
from the BCG-treated group were tumour free. To see if
mice that had eliminated the original tumour could be pro-
tected from a subsequent tumour challenge, the nine combi-
nation-treated mice and three BCG-treated mice that were
tumour free in the second experiment were given a secondary
challenge of tumour cells. Up to 3 weeks after the rechal-
lenge, none of the above-mentioned mice had any tumour
(Figure 3). In contrast, the age-matched naive control mice,
including non-tumour-bearing mice previously treated with
BCG or BCG and IFNa, had tumours. However, tumour
size in all control groups did not consistently increase by the
second week. By the third week, the naive control mice had
completely eliminated their tumours, whilst the non-tumour-
bearing mice previously treated with BCG or BCG and IFNa
had smaller tumours (data not shown).
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Table 1. Phenotypic characterisations of T cell subsets in the spleen

Treatment CD4% CD8% aB%

PBS 12.7+x1.3 5.8%0.3 24.0%0.2
BCG 17.5%£0.2 10.5%1.1 24.7+8.7
IFNo 14.5%1.2 7.2%+0.3 39.9+5.4
BCG +IFNu 17.8+0.6 8.9%0.7 45.7+7.0
NC 16.1+x1.0 9.3+%0.3 35.0+x1.3
N-PBS 16.7+0.7 11.2£0.1 30.7+0.4
N-BCG 20.3+0.8 9.5+0.3 34.8+3.5
N-IFNo 20.7+0.4 9.7%£0.5 32.7+1.6
N-BCG + IFNa 21.3+x1.9 9.6t3.1 36.0+3.3

PBS, phosphate-buffered saline; BCG, Bacillus Calmette—Guerin;
IFNao, interferon alpha; NC, non-tumour-bearing control. The per-
centages of T cell subsets among total splenocytes at day 27 from the
PBS-, BCG-, IFNa and BCG + IFNo-treated mice, as well as non-
tumour-bearing mice (NC) similarly treated (N-PBS, N-BCG, N-
IFNo, N-BCG +IFNow), are expressed as *standard error of the
mean (SEM) where n =3 for each group.

DISCUSSION

Several clinical investigations (reviewed in [18]) have
raised the possibility of treating superficial bladder carcinoma
with a combination of BCG and IFNo that may result in
milder side-effects and a higher response rate. Previous stu-
dies [16,17] have demonstrated that both BCG alone and
this combination have additive direct cytolytic and anti-
proliferative effects on human bladder cancer cell lines. Thus,
we compared the antitumour effects of this combination with
BCG or IFNa alone, and examined the various immune
parameters for correlation to antitumour immunity in the
MB49 murine bladder cancer model.

The direct cytolytic effect of BCG or/and IFNa on MB49
in vitro was low and the combined use had small (approxi-
mately 4% more), but significant, additive effects. In vivo,
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Figure 3. The tumour size 1 week (open symbols) and 2 weeks (solid symbols) after secondary challenge of MB49 cells. The

groups included age-matched naive mice (NC, n=4), non-tumour-bearing Bacillus Calmette—-Guerin (BCG)-treated mice (N-

BCG, n=5), non-tumour-bearing BCG and interferon alpha (IFN«x)-treated mice (N-BCG +IFN«, n=4), BCG-treated mice
(BCG, n=3) and combination-treated mice (BCG +IFN«x, n=9).
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BCG exhibited antitumour effects. The combination of BCG
and IFNa showed much earlier and superior tumour reduction
than BCG alone in this study. These results are in contrast
with the findings of another study [19] where the combined
use of BCG and IFNa showed no significant reduction in
tumour volume compared with the single agent alone and
BCG did not reduce tumour volume significantly compared
with controls. These differences may be due to their use of a
different strain of BCG and a tumour model involving C3H/
HeN mice and MBT-2 tumour cells, which are more resis-
tant to BCG than MB49 cells [20]. The enhanced tumour
growth seen in IFNo-treated mice in our study could be due
to the newly reported immunosuppressive effects of IFNa
[21-23]. IFNa can downmodulate MHC class II and ICAM-
1 expression on antigen-presenting cells [21,22]. It has also
been shown to interfere with the synthesis of various pro-
inflammatory cytokines such as IL-1 and IL-8 [21].

It is believed that BCG immunotherapy for bladder cancer
involves a local non-specific immunological reaction requir-
ing the presence of CD4 and CD8 T cell subsets [9]. Our
results showed a decrease in splenic CD4* and CD8™*
populations in tumour-bearing mice. The significant increase
in CD4* and CD8™" populations in the spleen after local
BCG treatment suggests that BCG had a systemic effect.
This is not surprising since a transient peripheral immune
activation has also been reported in bladder cancer patients
treated with intravesical BCG [24]. Interestingly, the combi-
nation treatment resulted in an increase not only in the
CD4™*, CD8™* T cells but also in the af* populations. The
increase in CD4 and CDS8 subsets in the spleen may be
associated with tumour reduction.

Although there was an increase in CD8 T cells and IFNy
expression in mice where tumours regressed, we could not
detect any MB49-specific immunity in the bulk splenocytes,
although they exhibited a low non-specific cytotoxicity
against YAC cells, which are NK sensitive targets (data not
shown). This is consistent with the results of Ratliff and col-
leagues [9] who demonstrated the lack of cytolytic T cell
activity in the spleen as well as the draining lymph nodes in
the intravesical BCG MB49 murine model. However, it is
possible that the cytotoxic T cell precursor frequency was too
low to be detected in unseparated cultures despite i vitro
expansion in our experiment.

Cytokines have been implicated to play an important role
in the cellular immune response responsible for tumour
ablation in BCG immunotherapy [25]. In the murine MB49
model, McAveney and associates [26] found that BCG
treatment resulted in IFNy and TNFa, but not IL-4 mRNA
expression in the local bladder wall after intravesical BCG
treatment. These findings suggest a Thl response to BCG.
The Th1 pattern is typically characterised by the production
of IFNy by both CD4* and CD8™" T cells [27]. It has been
shown that live BCG induced an early production of Thl
cytokines followed by Th2 cytokines later [28].

Our data on cytokine expression demonstrate that the
growth of the murine TCC MB49 in syngeneic mice induces a
complex cytokine response in spleen cells and this is modu-
lated by BCG and IFNa treatments. The results obtained
upon BCG and combination treatment of MB49 tumours are
consistent with the strong induction of a Th1 cytokine IFNYy,
which correlates to inhibition of tumour growth.

Survivors treated with BCG or BCG and IFNa were pro-
tected against recurrent tumour incidence upon rechallenge
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with MB49 tumour. Surprisingly, the tumours evident in
naive control mice 1 week after the challenge completely
regressed by the third week. Through two repeated experi-
ments, we consistently found that implanted tumours grew
slowly and regressed spontaneously within 2-3 weeks in older
(16 weeks) mice compared with the 6-week-old mice. The
more mature immune system of the older mice most probably
restrained the tumour. This raises doubts about the suit-
ability of using this model for the study of long-term protec-
tion in bladder cancer. However, the protection we observed
with the BCG- or combination-treated mice is still valid and
could be due to a combination of age-related effects and the
priming and expansion of immune cells capable of eradicat-
ing the tumours. We are currently examining the effects of
age on tumour incidence as well as the possible presence of a
tumour-specific protective response in long-term rechallenge
experiments to answer this question.

The results presented in this study demonstrate for the first
time the superior effects on murine bladder tumour reduction
by a combination treatment of BCG and IFNua intralesion-
ally. More animals were completely cured of tumours when
treated with BCG and IFNa than with BCG alone. Tumour
growth inhibition correlated with an increase in CD4 and
CD8 T cells in the spleen and increased IFNYy production. It
is possible that the combination of BCG and IFNa exerted a
higher antiproliferative and cytolytic effect on the tumour
cells than all other groups, thus limiting the size of the
tumour to facilitate its effective destruction by immune cells.
This is evident from the kinetics of earlier tumour reduction
in the combination group. Thus, the combination of BCG
and IFNa intravesical therapy could be superior to BCG
alone in the treatment of superficial bladder cancer in clinical
practice. This possibility is currently being investigated in a
clinical trial at our centre.
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