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Alan So   MD FRCSC

Optimization of BCG and the Development of 
Novel Intravescial Therapeutics 

The Audience at My 
Last Grand Rounds 

Discussing  Lab 
Activities 

• Part 1)
– Review management of BCG refractory disease
– Novel intravesical therapies in clinical trials

• Part 2) 
– Bladder Cancer Research at the Prostate Centre 
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Algorithm For The Management of 
Non-muscle Invasive Bladder Cancer

Dalbagni G (2007) The management of superficial bla dder cancer
Nat Clin Pract Urol 4: 254–260. 

Recurrence Rate: 40-70%
Progression Rate: 15- 30%

Prognosis 
• 1/3 Rule of pT1 G3

– 1/3 NED
– 1/3 Progress and require 

Cystectomy
– 1/3 Eventually Die of Disease 
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Post Re-resection:

Initial Resection:
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Objectives- Intravesical Therapy 

• 1. Eradicate existing microscopic 
disease

• 2. Prevent recurrence of tumour
• 3. Prevent tumour progression
• 4. Improve overall survival

Current treatments are limited and do not fulfill a ll criteria

Perioperative Chemotherapy

• Adjuvant MMC meta-analysis
– 7 RCTs
– Median F/U: 3.4 yrs, 1,476 pts
– 39 % reduction in recurrence
– NNT : 8.5

• Sylvester, JUrol, 171:71, 2004
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Perioperative Chemotherapy

• 1) Should be given within 24 hours 
» Finn IV Study, Eur Urol, 2002

• 2) Although chemotherapeutics appear to 
have equivalent efficacy, MMC is safest

» Kaasinen, Eur Urol 42:167-174, 2002

• 3) Severe complications may occur if 
administered in perforated bladder

» Oddens, Eur Urol 46:336-338, 2004

• 4) Conflicting results on how many treatments 
is optimal. 1 vs 3 vs 6 vs 9………

» Koga J Urol 2004, Nomata J Urol 2002

Immunotherapy - BCG
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Bacillus Calmette-Guerin
• Live attenuated mycobacteria
• Course: 6 weekly treatments
• 50 cc of sterile saline + live strain

……….

• Meta-analysis: BCG vs chemo for CIS
• Median follow-up - 3.6 years
• BCG – 46.7% NED
• Chemo (all combined) – 26.3%
• “should now be considered treatment 

of choice for CIS”
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• Meta-analysis comparing all chemotherapeutics
vs. BCG for Ta, T1, CIS

• 24 trials with 4863 patients were eligible:
Start of Patient Entry:
Date of Publication:
Duration of Follow Up:

Five BCG strains:

1978 to 1993
1982 to 2001
Median: 2.5 years
Maximum: 15 years

TICE, Connaught, Pasteur, 
RIVM, A. Frappier

Progression:
Maintenance BCG 

Patients No BCG BCG OR

No Maint 1049 10.3% 10.8%      1.28

Maintenance 3814 14.7% 9.5%      0.63

P = 0.008

BCG was only effective in trials with 
maintenance, where it reduced the risk of 
progression by 37%. (p = 0.00004)
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Survival

Death Patients No BCG BCG Total OR

All 2930 26.7% 23.2%    24.8%  0.89
Bladder 2370 7.7% 5.6%      6.5%  0.81

The reductions in the odds of death, 11% 
overall and 19% bladder cancer, are not 
statistically significant, as might be 
expected with 2.5 year mean follow up

BCG Failures
• BCG Intolerance

– Tumour recurrence/persistence after inadequate 
treatment

• BCG Refractory
– Persistent tumour at 6 months post BCG

• BCG Resistance
– Partial response at 3 months, clear at 6 months

• BCG Relapse
– Recurrence after achieving disease free status at 6 

months

O’Donnell, JUrol 2002
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BCG – Side Effects

Minor

• ‘Cystitis’ - 91%
• Hematuria - 43%
• Fever, low grade -29%
• Malaise - 24%
• Nausea - 5%

Major

• Temperature > 39.5� C - 3%

• Granulomatous prostatitis -1%
• Major hematuria -1%
• Hepatitis/pneumonitis -0.7%
• Arthritis - 0.5%
• Epididymitis-orchitis - 0.4%
• Sepsis - 0.4%
• Ureteral obstruction - 0.3%
• Contracted bladder - 0.2%

-BCG toxicity does not 
correlate with efficacy

-Sylvester, Eur Urol, 2003
-Saint, Urology 2001 

BCG Intolerance

• 487 pts BCG EORTC trial
• 20.3% stopped treatment due to toxicity (6.2% during 

induction course)
• 2/3 during first six months, then percentage decreased
• Van der Meijden, Eur Urol 2003, 44, 429
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• 236 pts treated with BCG
• 44 patients did not receive full 6 courses due to 

S/E was associated with:
– Higher risk of progression (p= 0.022)

– Higher risk of local failure (p= 0.013)

BJUI, 2004, 93(7):980-4

BCG Intolerance – Add 
Flouroquinolone 

-RCT, Double Blind, Ofloxacin + BCG vs BCG only
- 6 hours and then at 12 hours after instillation
-Does not reduce Grade I symptoms, but reduces 
Grade 3-4 symptoms
-Greater # of patients were able to complete the 
treatments  
-No effect on efficacy

J Urol, 176 2006
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BCG Intolerance – Reduce Dose 

• Patients randomised to BCG 
81mg (standard) vs 27 mg (1/3 
dose)

• Median F/U 61 months
• No difference in time to 

recurrence
• No difference in progression 

rate

BCG Intolerance – Reduce Dose

• Patients randomised to 
BCG  27 mg (1/3 dose) 
vs. 13.5mg (1/6 dose) vs. 
MMC 30mg

• Median F/U 52.6 months
• BCG 27mg did best, MMC 

the worst

E Urol, 54(5), 2007
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BCG Refractory Disease

• 1) 40-50% will fail with 
BCG (60-70% with chemo)

• 2) no reports of durable 
eradication of disease 
with continued BCG after 
6 months in non-
responders

• 3) Only 11% of those with 
tumor at 6 months remain 
tumor free at 18 months 

BCG Refractory
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• 236 pts treated with BCG
• Any tumor at time of first cysto post BCG 

was associated with higher risk of 
progression (p<0.0001) 

– 44% of patients with positive first cysto 
progressed

– 35% of patients with positive first cysto died of 
metastatic urothelial ca

BJUI, 2004, 93(7):980-4

BCG Relapse 

• Risk of progression 
and Mets increases 
as the # courses of 
BCG increases

(in pre-maintenance era)

# courses Progression 
Rate

Metastatic

Rate

1 7% 5%

2 11% 14%

3 30% 50%

Catalona et al., J Urol, 137:  220-4, 1987
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BCG Failures – considerations

– 1) Valrubicin
• Only FDA (1998) approved agent for CIS BCG 

failure
• amazingly, only PII data, 19/90 had CR (21%)
• Will be available again in second half of 2009 -

? Canada

– 2) MMC
• 10% (4/21) disease free at 3 years (Malstrom, J Urol, 1999)

• Not efficacious. Not recommended. 
– 3)Re-induction BCG + IFN aaaa-2b  

BCG + IFN-a Therapy

• Rationale
– Accentuates Th1 response 

with BCG 40X
– Improves cytokine response
– Independent actions on 

tumor
• Antiproliferative

• Antiangiogenic

• Activates NK cells

– Allows for lower BCG dose 
and thus more tolerable
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BCG + IFN-a
Published Clinical Trials

• 40 pt, all BCG failure
• Induction: 1/3 BCG + 

IFNa2B (50 MU) 6-8 
weeks

• Re-induction for 
Failures: 1/10 dose 
BCG + IFNa (100 MU)

• Maintenance: 3  at 3, 
5, 11, 17 months

• “Higher response 
than expected”
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• Phase II, open 
label

• 259- BCG naïve
• 231- BCG failure
• BCG + IFNa-2b
• F/U = 24 months

BCG Failure – Clinical Trials 

– Novel delivery methods
• Hyperthermia (PIII open)

• Electromotive therapy

– Chemotherapy:
• Gemcitabine, with or without 

MMC

• Docetaxel

• EO9 – Eoquin = apaziquone  
(PII open) – prodrug of MMC that is 
activiated in hypoxic cells

• Abraxane (PII closed) –paclitaxel 
bound to albumin

– Mycobacterium cell 
wall complex –
Bioniche (PII open label, first 
results Q2, 2010)  

– Photodynamic 
Therapy

• Oral / intravesical 5-ALA 
(PII open)

– Immunomodulators :
• keyhole limpet 

hemocyanin (PII Stopped)

• Bropiramine (PII Closed)
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Thermochemotherapy

• Hyperthermia induces 
apoptosis 

• Synergistic interactions 
of heat with selected 
antineoplastic agents

• Potential to reduce drug 
resistance (blood 
perfusion, membrane 
permeability, 
metabolism)

• Bladder wall hyperthermia to 
42-46 degrees Celsius

• MMC:

• PIII trial underway, n=300, RCT : 
BCG vs MMC + Synergo

Radiativ -SYNERGO®)

1 yr Recurrence 2yr Recurrence

BCG naive 14.3% 24.6%

BCG failure 23% 41%
van der Heijden, Eur Urol, 2004
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Electromotive Drug 
Administration (EMDA) 
• Using electrogradient to increase 

permeability of bladder wall to chemo
• Few small studies with Mitomycin
• Increased side effect profile, but less than 

BCG
• Appears to have better effect on RR than 

MMC alone, but similar to BCG (PII) 
De Stasi ,Lancet Oncology, 2006
Waidelich,  J Urol, 2001

When to Proceed With Cystectomy

• Delaying cystectomy >12 weeks is 
associated with decreased survival

• Failure of intravesical therapy
– After BCG
– After BCG + interferon

• Selected patients with high grade T1 
disease
– Large volume mulifocal tumors
– Consider in patient with > 15 year life 
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When to Proceed With Cystectomy

“Historical cohort” of 307 patients from 3 BCG tria ls (1980-1989) vs. 
“Contemporary cohort” of 589 pts (1992-2004) 

• Historical Cohort
– 85 had T1 recurrence
– All recurrences treated with 

TURBT + repeat BCG

• Contemporary Cohort
– 129 had T1 recurrence
– 65/129 underwent radical 

cystectomy

J Urol, 2007, 1283

Research at the Prostate Centre 

• BLadd

Applying For Research Grants Early in Career.......
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Research at the Prostate Centre

.....And Later

Targeted Therapy

VS

Chemotherapy
BCG

VS
Small Molecule Inhibitors
Target various pathways of 
carcinogenesis
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Intravesical Route-
Ideal Approach for Targeted 

Therapy

• 1. Bladder is easily accessible 
• 2. Drug in contact with epithelium for long periods 

of time (> 1hour)
• 3. GAG layer, anionic charge, and cellular lipid 

bilayer potentially limit systemic absorption
• 4. These layers may also allow for “trapping” of 

therapeutic to maintain maximal local concentration
• 5. Treatment efficacy can be assessed easily

Intravesical Therapy –
Target : Heat Shock Protein 27

Paul et al.., Mol Cell Biol, 2002; Concannon et al. ., Apoptosis, 2003
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Hsp27 as a Molecular Chaperone

• Directly regulated by HSF-1
• Aids in refolding of non-native proteins 
• Helps restore native structure in co-

operation with ATP-dependent 
chaperones like Hsp70

• Highly expressed in many solid tumors
• Negative prognostic factor in some 

tumors, including bladder cancer

Hsp27 is highly expressed in bladder 
cancer – tissue microarray analysis

• Expression is high in 
all samples in our 
bladder cancer tissue 
microarray (n=112)

• High expression of 
Hsp27 is confirmed in 
4 separate studies

1. Rossi MR, et al. Environ Health Perspect 
2002 Dec;110(12):1225-32.
2. Kassem H, et al. Int J Cancer 2002 Oct 
10;101(5):454-60. 
3. Takashi M, et al. Urol Res 1998;26(6):395-9.
4. Lebret, et al. Cancer 2003 Sep 1;98(5):970- 7.
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Forced over-expression of HSP27 causes increased cell 
growth and chemoresistance to paclitaxel

A

Pa
re
nt
al
 c
el
ls

V
ec

to
r -o

nl
y 

tra
ns

fe
ct
ed

 c
el
ls

H
SP

27
 

tra
ns

fe
ct
ed

 c
el
ls

1 10 100 1000
0.0

0.2

0.4

0.6

0.8

1.0

*

**

** ** **

1 2 3 4
0

2

4

6

8

10

HSP27 transfected cells 
Parental cells 
Vector-only transfected cells 

HSP27 transfected cells 
Parental cells 
Vector-only transfected cells 

HSP27 transfected cells 
Parental cells 
Vector-only transfected cells 

*

**

1

R
el

at
iv

e 
ce

ll 
nu

m
be

r

Concentration of paclitaxel (nM)

C
el

l v
ia

b
ili
ty

 

Culture days

B C

UMUC-3 Cells

OGX-427 – antisense oligonucleotide

• 2nd generation 21-mer Phosphorothioate 2’-O-
methoxy-ethyl ASO  (4-13-4) to Hsp27 mRNA
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Knock-down of Hsp27:
OGX-427 – antisense oligonucleotide
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Mol. Cancer Ther 2008
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Treatment with OGX-427 is efficacious in vivo 
(xenografts) as monotherapy or combination therapy

Molecular Cancer Therapeutics,  2008
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Limitations of the Xenograft
Bladder Cancer Model

• 1) model to assess 
systemic therapy

• 2) growth and response of 
bladder cancer xenos 
different than superficial 
bladder tumors

• 3) inability to assess 
pharmacodynamic and 
pharmacokinetic properties 
of intravesical therapeutics

KU-7 Orthotopic Bladder Tumours
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Xenogen IVIS System

Cryogenic
cooler and
Camera 
controller

Lenses

CCD camera

Heated 
Sample
Stage

Filter Wheels

Luciferase Expressing KU-7
KU-7 luc
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BLI to monitor orthotopic KU-7 
bladder tumours
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BLI corresponds to MR imaging
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Immunostaining for OGX-427 in mouse bladder treated 
with intravesical administration of OGX-427 for 2 hours

5uM administration of OGX-427 intravesically for 1 hour

Toxicity profile of OGX-427

Liver Adipose Kidney

OGX- 427

CONTROL 
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OGX-427 intravesical treatment
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Diagnosis of Bladder Lesion by Cystoscopy

Transurethral Resection of Bladder Tumour

Bladder Biopsy and Urinary Cytology Performed in Clinic

Transitional Cell Carcinoma Cells, any grade Indeterminate / Atypia / Negative

Transurethral Resection of Bladder Tumour
Study Treatment

T1 

Transurethral Resection of Bladder Tumour
For Re-staging

Study Treatment

T2 Ta 

Routine 
Surveillance
Q 3 Months

Radical Cystectomy

Study Treatment

TURBT performed at 
Different Institution, 
Referral for Radical 

Cystectomy

Catheterization, Urine Washings with Normal Saline
Baseline Serum Sample

Baseline QOL scoring – EORTC  QLQ-BLS24

OGX-427 is diluted into 20 mL and Introduced into the Bladder

Avoid urination for 2 hours

First Voided urine sampled
Serum Sample

Repeated above on days 3, 5, and 9

Superficial Lesion (CIS, Ta, T1) Muscle invasive lesion (>T2)

Transurethral Resection between days 10-17 
QOL Scoring – EORTC  QLQ-BLS24

Radical Cystectomy between days 10-17
QOL Scoring – EORTC  QLQ-BLS24

-Health Canada Approved
-CREB approved
-Accepting patients for 
enrolment in next few 
weeks
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Viral Therapy for Cancer –
Oncolytic Virus

H1N1 “Swine Flu” Virus

Oncolytic Viruses

• Virus that targets 
specifically targets 
cancer cells without 
causing toxicity in 
normal cells 

• Vesicular stomatitis 
virus (VSV), is an 
enveloped, negative-
sense RNA virus
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Intravesical Oncolytic Virus

• VSV is an oncolytic 
virus

• Targets cells with 
aberrant IFN signaling

• Normal cells with intact 
IFN signaling cascade 
causes Viral death

• Most malignant cells have 
aberrant IFN pathway                     
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CCS-RI Grant: PI- SO, Co-PI- Rennie
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Other Interesting Targets / 
Projects

• 1) Inhibition of Sonic Hedgehog 
Pathway via GLI 2 ASO and 
cyclopamine

• 2) Intravesical siRNA to target various 
proteins 

• 3) Muco-adhesive chemotherapeutics
• 4) Branched “sticky” ASO
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