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Chapter 1
Introduction

Parts of this chapter have been published in:
Theo M. de Reijke MD, Karlheinz Kurth MD, PhD, Elizabeth C. de Boer PhD, and Denis H.J. Schamhart PhD:
Current insights in the treatment of superficial transitional cell carcinoma of the bladder. 
Onkologie, 19: 480-488, 1996.

T.M. de Reijke, K. Kurth, E.C. de Boer, and D.H.J. Schamhart: Bepillantás a felületes hólyagrákok kezelésébe.
Magyar Urologia, 8: 1-9, 1996.

Transitional cell cancer (TCC) is the most common histological type of bladder can-
cer (93.6%).1 About 70% of the bladder tumours will present as superficial transitional
cell carcinomas (Ta,T1,Tis) and these tumours are predominantly seen in the 65-74
year age group.2 In the European Community bladder cancer accounts for 4% of all
cancer deaths (the 5th cause of cancer mortality in men), and it is estimated that around
53,000 persons develop bladder cancer each year.3 In the Netherlands approximately
2200 people annually present with a tumour in the urinary tract (1700 male and 500
female).This accounts for 5.8% and 2.0% of the total number of new cancer patients
in male and female population, respectively.4

In the European Community an incidence increase of 14% among females (6.1% to
6.7%) has been observed for transitional cell carcinoma, comparing the rates seen in
1983-1987 with those seen in 1973-1977. The male to female incidence ratio was
about 4:1. The estimated annual percentage change in incidence for cancers of the
urinary bladder among males and females of all races increased 1% between 1973 and
1987.5

The bladder cancer mortality rate per 105 person-years increased in the Netherlands
for men from 7.5 to 12.4 for the periods 1955-1959 to 1985-1988, for women the
mortality rates remained stable (2.9 to 3.0). Kiemeney et al discussed possible reasons
for this increased mortality rates and concluded that a cohort effect was the most
plausible explanation, since these trends are observed all over the world.6 The sharpest
mortality rise was observed till 1980 in men, the last few years a tendency for
decreasing mortality rates are observed, while in women the figures remain stable over
the years.
Carcinogens, present in cigarette smoke, and occupational exposure to certain aro-
matic amines can lead to the development of TCC of the bladder, although such
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aetiogenetic factors are identified in about fifty percent of bladder cancer only.7,8 The
risk for developing bladder cancer among smokers is two to three times higher than
among non-smokers.The exact mechanism by which cigarettes induce bladder cancer
is unclear.The fact that less men smoke cigarettes over the past years could be an ex-
planation for the decreased mortality rate among men, and it could be expected that
among women a rise will be observed in the very near future due to the increased
number of female smokers. Smoking also influences the course of superficial bladder
cancer. Recently, two reports have been presented showing that continued smoking at
the time of diagnosis of superficial bladder cancer was associated with a worse disease-
associated outcome compared to people that stopped smoking or were ex-smokers.9,10

The long latent period until bladder cancer develops after exposure to known carcino-
gens (20 and 40 years) is an explanation for the fact that mortality rates have not chan-
ged yet. Occupational groups showing strong evidence of increased risk include dye
workers, aromatic amine manufacturing workers, leather workers, rubber workers,
painters, truck drivers and aluminium workers.This may be due to inhalation, inge-
stion, or skin absorption of compounds such as benzidine, auramine, and �-naph-
tylamine.The differences in incidence rates of bladder cancer in the Netherlands could
reflect the environmental influence for the development of cancer (Fig. 1).

Figure 1.

A. Male B. Female

Incidence of bladder cancer in the Netherlands, 1982 - 1992 
(average for the Netherlands + 100%)

The incidence rate of transitional bladder cancer compared with e.g. prostate cancer
shows a much lower incidence, but local recurrences in TCC of the bladder are reasons
for frequent hospitalisation, leading to a major impact on costs and quality of life.To
prevent the recurrences, adjuvant intravesical instillation therapy with either chemo- or
immunotherapeutic compounds after complete transurethral resection is now insti-
tuted since many years. However, it is important to decide if all patients need adjuvant
therapy, and which agent should be used and for how long these agents should be
used. Adjuvant therapy can prevent or delay time to recurrence, but it is even more
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important to prevent progression to muscle invasive disease. The identification of
reliable, reproducible prognostic factors, identifying those patients who will need more
aggressive therapy is urgently needed. All these questions and uncertainties will have
some impact on the quality of life of the patients with superficial bladder cancer. In the
following paragraphs these topics will successively be discussed.

1- WHICH PATIENTS NEED ADJUVANT THERAPY?
Based on the cystoscopic appearance of the bladder tumour(s), the aspect of the uro-
thelium and the results from pathological examination one should decide if and how
the patient should be treated adjuvantly.The surgical procedure is very important and
all visible tumours should be completely removed, it is important that the surgical spe-
cimen contains sufficient muscle layer, because only in this case the pathologist can
make a clear distinction between superficial (Ta,T1,Tis) and muscle invasive disease
(T2). Standard random biopsies from normal looking urothelium to exclude multi-
focal disease in patients with Ta,T1 bladder tumours are normal in approximately 90%
of cases and can therefore be abandoned.11,12 Only in case of abnormal looking uro-
thelium and if urine cytology reveals clearly malignant cells (G3), random and/or
selected biopsies should be performed, including the prostatic urethra in the male
patient.The surgical procedure at which all tumours must be resected is very impor-
tant.To demonstrate the resection quality, the EORTC-GU Group recently evaluated
more than 2600 patients that had been included in superficial bladder cancer trials
between 1975 and 1989 in order to establish the recurrence rate at three months.13 The
3-months recurrence rates ranged from 0 to 36% and from 7 to 75% for single and
multiple tumours, respectively. Over the years a decline in 3-months recurrence rates
was found, probably due to the improved endoscopic armamentarium. In some Euro-
pean centres a second look cystoscopy is routine practice to overcome this problem,
because the chance of overlooking bladder tumours seems to be considerable.14,15 This
procedure seems especially advisable in patients with high-risk (T1) or multiple
tumours. A relatively new approach is the use of fluorescence cystoscopy with 5-
amino-levulinic acid. After instillation of this photosensitiser in the bladder and a
special light source producing blue light (375 to 440 nm), areas of severe dysplasia,
carcinoma in situ and tumours become visible.A problem applying this system in the
detection of bladder tumours is the high rate of false positive biopsies.16

The prognostic factors for recurrence, progression and death to malignant disease
could be determined evaluating many randomised clinical trials, and based on these
factors one can decide which strategy should be followed in an individual patient.
Knowledge of the factors that have an impact on the outcome of disease is important
for planning treatment and analysing treatment results. Risk factors for recurrence are
previous recurrence rate (=number of follow-up cystoscopies at which a recurrence
was noted, divided by the total number of months of follow-up), grade, and positive
cystoscopy at 3 months follow-up.17 Other less important factors are stage, tumour size
and multiplicity. For progression risk factors include stage, grade, the presence or
absence of mucosal abnormalities elsewhere in the bladder, involvement of the bladder
neck and trigone, recurrence rate and tumour size.18,19
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For death to malignant disease age, sex, prior recurrence rate and grade are the most
important prognostic factors. Grade is important for as well recurrence as progression
and death of disease, however, the inter- and intra-individual inconsistency among
pathologists in grading and staging bladder tumours plays an important role.20

Kurth et al identified several risk groups analysing randomised clinical EORTC-GU
group trials in TCC of the bladder.21 From all factors investigated the number of
tumours present at the time of transurethral resection (TUR), the previous recurrence
rate,T-category and tumour size proved to be the most significant prognostic factors.
Using these four factors, risk groups could be composed. Patients without any adverse
factors, (e.g. they had a small tumour less than 3 cm in size, a primary tumour or less
than 1 recurrence per year, a Ta lesion) had a favourable prognosis with a recurrence
rate per year of 0.09.When there is one adverse factor present, the patient still has a
good prognosis and on an average he/she will remain free of recurrence for 5 years.
Patients with 3 or 4 adverse factors may experience two or more recurrences within
three years time.Applying this knowledge, the differences of treatment results as repor-
ted in many clinical trials could be explained by differences in the presence of prog-
nostic factors.
In conclusion, these clinical data should help us now in the decision making whether
to institute adjuvant therapy or not, and although there exists considerable intra- and
inter-individual variation in grading and staging patho-histological specimens, stage
and grade are the most important predictors in daily practice.

2- WHICH AGENT SHOULD BE USED?
Chemotherapy
Generally spoken, a patient with superficial TCC has a 40 to 70 percent risk of having
a recurrence after TUR in the following two years if no adjuvant treatment is initia-
ted.22-25 Usually these recurrences are of the same stage and grade and are treated again
by transurethral resection.The reason for this could be the continuous exposure of the
bladder wall to carcinogens present in the urine, dissemination due to tumour implan-
tation to the damaged urothelium during TUR, incomplete resection or the presence
of areas of dysplasia or carcinoma in situ which progress at a later stage and/or a dis-
turbance in host-cell mediated immuno surveillance mechanisms.26,27 The chance to
progress to muscle invasive disease varies between 20-25% in primary Ta/T1, whereas
in recurrent T1 tumours progression rates up to 56% have been reported.28,29

To prevent or delay recurrent tumour growth in the bladder, intravesical instillation
regimens are adjuvantly applied for patients with superficial TCC of the bladder. Many
chemotherapeutic agents have been used to reduce recurrences and, more important-
ly, to prevent muscle invasive disease.The agents that have been used for adjuvant the-
rapy are Thiotepa, Mitomycin C (MMC), Adriamycin (ADM), Epirubicin (EPI),
Epodyl, and Cisplatin. In large studies comparing different chemotherapeutic agents,
none of the chemotherapeutic agents turned out to be superior [Table 1].30-33 There is
no accordance in dose, treatment schedule, time to start and duration of instillation
therapy, all schemes have been empirically designed.
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Table 1
Randomised phase III studies using chemotherapeutic agents in TCC of the bladder.

References Treatment N-pts. T-stage Recurrences

Zincke et al30 Water: 60 ml 28 Ta: 26, T1: 2 71%
TTP: 60 mg/60 ml 30 Ta: 28, T1: 2 30%
DX: 50 mg/60 ml 31 Ta: 30, T1: 1 32%
1 instillation immediately G1-3, concom. Tis TTP/DX vs Water: P< 0.01

Primary/recurrent Endpoint: 4 months

Kurth et al31 TUR only 72 Ta: 42, T1:29, Tis: 1 67%
DX: 50 mg/50 ml 182 Ta: 91, T1: 82, Tis:7 50%
Epodyl: 1.13 g/100 ml 171 Ta: 87, T1: 77,Tis: 4 47%
Weekly x 4 G1-3, Epody/DX vs TUR: P< 0.0001
Monthly x 11 Primary/recurrent FUP (mean): 29 months

Bouffioux et al32 TTP: 30 mg/50 ml 97 Ta: 58, T1: 51 61%
DX: 50 mg/50 ml 88 Ta: 55, T1: 57 65%
CP: 50 mg/50 ml 81 T1: 50, T1; 42 64%
Weekly x 4 G1-3 P: n.s.
Monthly x 11 Recurrent FUP (mean): 20 months

Da Silva et al33 EPI: 50 mg/50 ml 32 Ta: 6, T1: 26 62.5%
MMC: 30 mg/30 ml 28 Ta: 3, T1: 25 64.2%
Weekly x 4 G1-3 P: n.s.
Monthly x 11 Primary/recurrent FUP (mean): 17 months

TTP: Thiotepa, DX: Doxorubicin, concom: concomitant, TUR: transurethral resection, FUP: follow-up, 
CP: Cisplatinum, EPI: Epirubicin, MMC: Mitomycin C, n.s.: not significant

Bouffioux et al investigated for MMC 30 mg. and ADM 50 mg. the influence of early
(< 6 h after TUR), late (7 to 15 days after TUR),maintenance (12 months instillations)
and no-maintenance (6 months instillations) regimens on the recurrence rate.17 The
first finding was that early intravesical treatment seems to be slightly superior to de-
layed treatment and it appears that early instillation is only effective in patients treated
for six months (no-maintenance). Secondly, maintenance alone (twelve monthly instil-
lations) has no benefit except in the delayed treatment group. Finally, early mainte-
nance, early no maintenance and delayed maintenance are not different in preventing
recurrences, but these treatment schemes are significantly superior to that of delayed
no maintenance. For patient comfort and cost effectiveness reasons it is therefore bet-
ter to start adjuvant chemotherapy instillations early (<6 h after TUR), because only 6
months of additional monthly instillations seems to be enough.The systemic toxicity
of the most commonly used agents (MMC, EPI, ADM) is low (sometimes allergic
reactions can be observed), due to the low resorption through the bladder wall, but,
especially with intensive treatment schedules, local toxicity can occur.34 In these cases
it is important to register the functional bladder capacity (frequency/volume diary)
during the intravesical instillations to detect at an early stage bladder capacity reduc-
tion leading to bladder contracture.
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In contrast to the intensive treatment schedules discussed above, Oosterlinck et al and
a MRC study group showed the favourable effect of a single chemotherapeutic
instillation (Epirubicin 80 mg. and Mitomycin C 40 mg.) after TUR within 6 h. in a
selected patient group with favourable prognosis (solitary, primary or recurrent
tumour).35,36 The recurrence rate per year was reduced with 40 to 50%.

Immunotherapy
Since the beginning of this century it has been noticed that in certain patient groups
malignant diseases were less frequently observed.These groups included patients with
tuberculosis, leprosy, and syphilis.37 Already in 1926 the first clinical applications using
the tubercle bacille were reported in cancer patients.38 Later, Freund showed the
immunostimulant potential of bacillus Calmette-Guérin (BCG) on the mammalian
immune system and with this observation the use of BCG as an anti-tumour agent
started.39 In several human cancers BCG was not very effective, but Morales reported
in 1976 the efficacy of intravesical application of BCG.40-42 Since that report intra-
vesical treatment with the biological response modifier (bacillus Calmette-Guérin)
was gradually introduced in routine praxis for prophylaxis and treatment of superficial
TCC of the bladder.Arbitrary, the scheme of BCG instillation was started on a week-
ly basis during 6 weeks. Controversy still exists with regard to the optimal treatment
protocol. A variety of BCG treatment regimens has been used, varying from weekly
instillations during six weeks to 24 weekly instillations followed by instillations
bimonthly for 3 months and then monthly for 18 months.43 Different BCG strains are
commercially available at this moment (e.g. Connaught, TICE, RIVM, Armand
Frappier and other); there seems to be no difference in efficacy between the different
strains, provided the viability (i.e. colony forming units) is equal.44 Many studies have
been published comparing BCG with chemotherapy and also comparing different
BCG strains. From these trials it has been concluded that BCG is at least as effective as,
and perhaps superior to most of the commonly used chemotherapy regimens. Contra-
ry to the data published by Lamm et al and Martìnez-Pin̆eiro et al,Vegt et al found no
difference between chemotherapy and immunotherapy treatment in relation to
tumour recurrence [Table 2].44-46 Herr evaluating 14 published randomised studies cal-
culated an overall potential benefit for chemotherapy of 16% versus 52% using BCG
with different treatment schedules.47 Rintala et al found a superiority (not statistically
significant) of BCG over MMC in Tis of the bladder (CR 40% and 58% for MMC
and BCG, respectively).48 However, for prophylaxis BCG was statistically significant
advantageous over MMC (p=0.001). The reason for this different clinical outcome
could possibly be explained by patient characteristics. From all the available data it
must be concluded that BCG indeed is capable of delaying recurrent disease and seems
superior over chemotherapy in patients with intermediate and high-risk factors and is
also therapeutically effective in carcinoma in situ.44,49,50 Until recently it was believed by
many that although BCG has been proven to be superior to chemotherapy in preven-
ting recurrences in intermediate and high-risk group patients, there were no sufficient
data to state that BCG also prevents progression to muscle invasive disease.51 A meta-
analysis of 24 trials, including 4863 patients, in which BCG was applied as an induc-

6

C H A P T E R  1



tion course only or as a maintenance treatment, showed that BCG significantly re-
duced the risk of progression after transurethral resection, but only if BCG was given
in a maintenance schedule.52 A disadvantage of maintenance BCG in the treatment or
prophylaxis for superficial bladder cancer is the considerable toxicity, locally (urgency,
dysuria, frequency) as well as systemically (fever, malaise, arthritis).53 If there has been a
traumatic catheterisation systemic complications were observed more frequently, and
in these circumstances even fatal complications have been reported.54 These reports
have lead to the recommendation to start BCG instillations not earlier than two weeks
after TUR and to withhold instillations if there is a traumatic catheterisation, bloody
urine or symptomatic infection. Knowledge of the possible complications and how to
treat these is a prerequisite for starting with BCG therapy.To reduce the chance on
local and systemic toxicity of BCG treatment without compromising clinical efficacy,
reduced dosages of BCG were used.55-57 In Phase II trials using marker lesions similar
efficacy (62% response rate) has been reported compared to full dose BCG, however,
these results must be confirmed in randomised clinical trials.58

Table 2
Randomised phase III trials comparing BCG and chemotherapy in superficial TCC of the bladder.

References Treatment N-pts. T-stage Recurrences

Martìnez-Piñeiro et al46 TTP: 50 mg 56 Ta: 23, T1: 33 20/56 (36%)
ADM: 50 mg 53 Ta: 21, T1: 32 23/53 (43%)
BCG: 150 mg 67 Ta: 18, T1: 49 9/67 (13%)
Weekly x 4 TTP vs ADM: n.s.
Monthly x 11 TTP vs BCG: P=0.003

ADM vs BCG: P=0.002
FUP (mean): 3 years

Lamm et al44 BCG: 150 mg + s.c. 127 Tis: 64 CR: 45/64 (70%)
Weekly x 6 + Ta/T1: 63 Recurrence: 41/63 (65.1%)
maintenance
ADM: 50 mg 135 Tis: 67 CR: 23/67 (34%)
Weekly x 4 Ta/T1: 68 Recurrence: 55/68 (80.9%)
Monthly x 11 Tis: BCG vs ADM: P=0.001

Ta/T1: BCG vs ADM: P=0.015
FUP (median): 65 months

Vegt et al45 MMC: 30 mg 148 Tis: 12 CR: 67%
Weekly x 4 Ta: 83, T1: 53 Recurrence: 58/136 (43%)
Monthly x 5
BCG-Tice 140 Tis: 23 CR: 74%
Weekly x 6 Ta: 81, T1: 36 Recurrence: 75/117 (46%)
BCG-RIVM 149 Tis: 15 CR: 60%
Weekly x 6 Ta: 90, T1: 44 Recurrence: 62/134 (46%)

MMC vs BCG-RIVM: P=0.53
MMC vs BCG-Tice: P=0.01
FUP (mean): 36 months

BCG: bacillus Calmette-Guérin, Tis: carcinoma in situ, ADM: Adriamycin, TTP: Thiotepa, 
MMC: Mitomycin C, CR: complete response, FUP:follow-up, n.s.: not significant
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Currently, the combination of the tuberculostatic agent isoniazid (INH) and BCG is
applied in ongoing clinical trials, to investigate if combination therapy reduces the
chance on complications without compromising the clinical efficacy of BCG.59 Inte-
rim results of an EORTC-GU group study (30911) showed that prophylactic admini-
stration of INH during the BCG instillations did not decrease side effects, however,
elevated liver function tests were found twice as often as in the BCG only group, due
to the INH toxicity itself.60

BCG WORKING MECHANISM
For further optimalisation of BCG therapy detailed knowledge of the mode of action
and (easily determinable) prognostic factors are absolute prerequisites. Knowledge on
the effector mechanism mediating bladder tumour destruction induced by BCG the-
rapy may provide a fundament for the development of other, less toxic forms of immu-
notherapy. In Fig. 2 a scheme is shown, representing the successive proposed events
occurring when BCG is instilled into the bladder. Insight in the reactions, induced
during these different steps applying both in vitro and in vivo studies, will lead to a
better understanding of the BCG-induced anti-tumour activity.
The BCG-associated anti-tumour activity seems to be determined by living BCG bac-
teria.61 When BCG is instilled into the bladder the first event is the interaction of BCG
with the GAG (glycosaminoglycan) layer [Fig 2, step 1].The nature of attachment as
well as the number of bacteria attached to the bladder wall and/or urothelial cells are
subject to controversies, but fibronectin dependency, mediated by the �5 �1 integrin
receptor, has been suggested .62-64 It should be realised however, that the lumenal sur-
face of the bladder is covered with a continuous layer of GAG’s with a thickness of 10
to 20 �m to many times more, depending on the degree of stretch of the bladder
mucosa. The GAG layer functions as a permeability and anti-adherence barrier. The
anti-adherence properties of the GAG layer have been attributed to its highly
polyanionic nature through sulphate and carboxylic groups. In contrast to earlier
observations, recent theoretical and experimental results indicate an extremely low
attachment of BCG to the bladder wall.65 This may imply attachment as a significant
restricting factor in BCG-induced tumour destruction.These findings warrant further
investigations on GAG’s as a class of agents possibly interfering with the interaction
between BCG and the bladder wall. Another way that has experimentally explored
ways to improve the BCG attachment was to remove the mucin layer by irrigating the
bladder with 50% acetone solution.66 In a rabbit bladder this resulted in a 20-fold
greater BCG adherence compared to the mucin intact bladder.
The second step is the interaction between BCG and (tumour) urothelial cells [Fig. 2,
step 2]. Several epithelial cells, such as respiratory epithelial cells, have been shown to
possess various immune functions.The fate of BCG after intravesical instillation is not
known, but both in vitro and in vivo data have been reported that non-phagocytic cells
such as bladder tumour cells, are capable to ingest mycobacteria.63,67 Recently, accumu-
lating evidence indicates that BCG is capable to upregulate cytokine synthesis of
tumour urothelial cells, grown in vitro. The observed minimal BCG pre-incubation
period of approximately 2 hours necessary to obtain BCG-induced upregulation 
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Figure 2.

Scheme of several steps involved in the mode of action of BCG immunotherapy of superficial bladder
cancer. Every step in this scheme should be considered as a restricting step determining the (final) clinical
response. Step 1: Characteristics of (commercial) BCG; Step 2: Interaction BCG - Glycosaminoglycan layer of
the bladder wall; Step 3: BCG and urothelial cells as immunocompetent system; Step 3/4: BCG and local
immune system and anti-tumour activity. For explanation see text.

agrees remarkably well with the clinical experience that a 2-hour intravesical applica-
tion of BCG is necessary for optimal effect. Urothelial cells may act as an immuno-
competent system during intravesical BCG instillation and upregulation of cytokine
synthesis by (tumour) urothelial cells could be of functional significance in vivo,
initiating and/or modulating the BCG-induced immune response.
Conflicting data regarding the effect of INH on the BCG-induced immune reaction
have been reported. Some animal studies indicate an impairment of the BCG-induced
immune response, while others do not.68,69 Less convincing data obtained in men sug-
gest no impairment.70 Accepting a role of (tumour) urothelial cells in the BCG-indu-
ced immune reaction, possible effects of INH on urothelial cells have been subject of
study. In a recent study, our group was not able to detect any effect of INH, at con-
centrations found in urine, on the proliferation, and constitutive and/or BCG-induced
cytokine synthesis (IL-6 and IL-8) of bladder cancer cell lines in vitro. These results
suggest that INH administration does not interfere with the postulated, initial part of
the BCG working mechanism. It should be stressed, however, that these data do not
exclude interference of INH with additional steps of the BCG-induced cascade.
An additional aspect that needs further clarification concerns the clinical practice of
intravesical BCG instillation using lubricating agents. Böhle et al reported a negative
influence of several lubricating agents on the viability of BCG.71

BCG elicits a local immunostimulation in the bladder characterised by infiltration of a
variety of leukocytes, expression of the immunoregulatory peptides or cytokines
involved in intercellular communication and a coinciding major histocompatibility
(MHC) class II antigen induction on urothelial cells [Fig. 2, step 3].72-74 As pointed out
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by Böhle et al. these phenomena might reflect only the immunological reaction
towards BCG rather than the anti-tumour effects [Fig. 2, step 4].75 Consequently, a dis-
crimination between the anti-mycobacterial response of the body and the anti-
tumoural effect should be made.These investigators provided additional evidence that
specific BCG-activated killer cells, obtained after co-incubation of peripheral blood
mononuclear cells (PBMNC) with BCG, are of major tumouricidal relevance. No
evidence was obtained indicating a direct cytolytic effect of a series of cytokines
against in vitro cultured bladder carcinoma cell lines. However, direct evidence concer-
ning in vivo activity of killer cells is lacking at present.

Other immunotherapeutic approaches
Other BRM’s have experimentally and clinically been tested to see whether they are
as effective but less toxic than BCG.
Keyhole limpet hemocyanin (KLH), is a protein of the mollusk Megathura crenulata,
and has non-specific immunostimulating properties with proven efficacy in ex-
perimental in vitro models; it induces immunostimulation and can alter neoplastic
growth. Olsson, already in 1974, using KLH percutaneously to test immunocom-
petence, surprisingly found a reduced recurrence in patients with superficial TCC of
the bladder.76 Jurincic et al demonstrated in a randomised trial that combined KLH,
intradermal (1 mg) and intravesically (10 mg) applied, was at least as effective as Mito-
mycin C (20 mg) in a prophylaxis study of TCC of the bladder (recurrence KLH 14%
[3/21 pts.] versus MMC 39% [9/23 pts]).77 However, Flamm et al comparing KLH
with ethoglucide could not demonstrate a difference in time to recurrence, 55.3% ver-
sus 60.9%.78 In a small comparative study KLH was shown to be significantly less acti-
ve than BCG in preventing recurrence.79 Compared to BCG the toxicity of KLH was
much lower, no systemic toxicity was observed and only minor local problems.Also in
animal models crude KLH and a modified KLH antigen for clinical use (Immu-
cothelR) showed anti-tumour effects in the MBT2 and MB-49 models.80,81

KLH is an interesting biological response modifier that has shown to possess anti-
tumour activity in superficial bladder tumours. However, more basic research and cli-
nical randomised studies must be performed to give insight in the optimal dose and
route of administration and its efficacy compared to other chemo- immunotherapeu-
tic agents. Recently, KLH has been registered for clinical use (ImmucothelR) and it
might be expected that these important studies could be performed more easily.
Interferons are naturally agents with anti-viral, anti-proliferative and immunomodula-
tory action, with possible direct inhibition of tumour cell growth (mainly IFN-�) or
increase of immune recognition molecule expression and enhancement of tumourici-
dal capacity of host defence cells (mainly IFN-�). Experimental studies showed an
anti-tumour response, which has lead to the initiation of clinical studies using IFN-�
for therapy and prophylaxis in superficial TCC of the bladder.82 IFN-� and IFN-�
proved not to be very active in bladder cancer.83 Especially in small tumour volume
interferons showed anti-tumour activity, so perhaps there can be a place for IFN’s in
the prophylaxis of TCC. Several studies have been published testing different dosages
of IFN’s and it seems that a dosage between 10-100 x 106 U give the best results.84 This
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so-called “bell-shaped” dose curve is a well-known observation in immunotherapy.
For marker lesion studies using interferons complete response rates up to 47% have
been reported. However, in papillary tumours chemotherapeutic agents were equally
or more effective than IFN-� in preventing tumour recurrences.85,86

The exact place for interferon therapy in superficial bladder tumours has still to be
defined; a major drawback is the high price of this now commercially available com-
pound (IntronR).
Interleukin-2 (T-cell growth factor) is responsible for signalling T lymphocyte prolife-
ration and activation of natural killer (NK) cells and lymphocyte activated killer (LAK)
cells.87 Experimentally, intralesional administration of IL-2 resulted in a reduced
growth of a subcutaneous growing murine bladder tumour.88,89 In clinical studies
different approaches have been investigated. Intralesional injection of IL-2 resulted in
a complete response (CR) of 8-36% and a partial response (PR) of 16-29% in patients
with advanced bladder cancer.90 Intravesical 24-hours continuous infusion showed a
CR of 20% in patients with advanced bladder cancer.91 In patients with superficial
TCC of the bladder 42% of the patients had a response if IL-2 was continuously irri-
gated via the internal iliac artery.92 Toxicity of this agent is considerable when using the
parenteral route; flu-like symptoms, fever, and hypotension. When instilled intra-
vesically IL-2 had no or only a small effect on a marker lesion left in the bladder after
TUR of multiple superficial bladder tumours Ta/T1, although recently Den Otter et al
reported a complete response on a marker lesion in 8 out of 10 patients using an
intensive treatment schedule (3 x 106 units IL-2 on 5 consecutive days).93,94 These series
are small and different tumours, superficial and infiltrating TCC of the bladder have
been treated.To date the exact route and timing of administration are still not known,
a major drawback is the short half-life of IL-2, which necessitates continuous infusion.
The combination of biological response modifiers in superficial bladder tumours has
been explored and promising results were reported by Dow et al, who combined IL-2
with BCG.95 They found that 16/25 (81%) remained tumour-free for an average of 28
months.Also, combinations of IL-2 and INF-� have been explored, but based on the
available data (small numbers of patients), combination immunotherapy in the treat-
ment or prophylaxis of superficial bladder tumours is not justified.96

Combination of immunotherapeutic and chemotherapeutic agents has been explored
as well in marker tumours as in randomised trials.This combination does not seem to
enhance the therapeutic efficacy.97,98

Bropirimine (2-amino-5-bromo-6-phenyl-4-(3H)-pyrimidinone), an oral agent, has
anti-viral, immunomodulatory and anti-tumour activity; it induces IFN-� production
and potentiates cell-mediated toxicity. This agent inhibited the growth of a mouse
bladder tumour when orally administered in a dose dependent way.99 In an oral dose of
3 grams toxicity of Bropirimine was acceptable, and Sarosdy et al found clinical effi-
cacy of this oral agent, especially in patients with Tis (61%).100 A possible advantage of
an effective oral agent could be the treatment of upper urinary tract cancer. Sarosdy et
al found a response rate (conversion of cytology) in patients with upper tract tumours
in 10/21 patients with a duration in an excess of 9 months.101 A problem with this
interesting agent is that the drug company withdrew this drug from the market and
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further ongoing investigations were postponed (stopped).

3- ARE PROGNOSTICATORS FOR AGGRESSIVE DISEASE AVAILABLE?
To improve the chance of early diagnosis and/or identifying patients at risk for
progressive disease more refined techniques have been developed such as marker chro-
mosomes, absence of ABO blood group precursor,T-antigens and epidermal growth
factor (EGF).These biological markers have been shown to correlate with grade and
tumour invasiveness. However, it has been difficult so far to determine the real value of
these parameters because of the subjective measurement and the low level of reprodu-
cibility.A series of morphonuclear parameters were identified that correlated with the
progression of superficial tumour. Routine clinical application of these tests is not
advised due to the lack of comparative studies, and these molecular markers have not
proven to be superior to the classical pathological markers.102 Increased EGF receptors
may herald an increased risk for invasion and metastases.103 EGF is a potent mitogen
and tumour promotor and may play a role in the induction and/or progression of
TCC of the bladder. Messing and Murphy-Brooks investigated the EGF/urothelial
EGF receptor interaction.104 They found reduced concentrations of EGF in the urine
of bladder cancer patients, suggesting that urinary EGF and urothelial EGF receptor
interaction is important for the development of bladder cancer. Mellon et al found that
EGF receptor status is a strong independent predictor of survival and stage progression
in bladder cancer, overexpression of EGF is associated with an adverse prognosis.105 It
has not been shown to provide independent prognostic information in predicting
tumour recurrence. Recently, also the microvessel density has been evaluated as a
possible marker for progression in bladder cancer, however, no correlation was found
between microvessel density and progression.106,107

Promising developments are the E(epithelial)-cadherin and p53 analysis on bladder
tissue.108

Table 3
E-cadherin expression in patients with bladder carcinoma 109

Grade 1 25% weak expression (<50%)

Grade 2 46% weak expression

Grade 3 86% weak expression

T1 34% weak expression

T2-4 81% weak expression

E-cadherin is a cell surface glycoprotein and intercellular adhesion molecule, functio-
ning as an invasion suppressor gene. Decreased cell to cell adhesion could be the first
step leading to metastases and this was the basis for further clinical studies, which con-
firmed experimental data that E-cadherin could be a marker with prognostic value
[Table 3]. Decreased E-cadherin expression correlated with the clinical aggressiveness
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of the bladder tumours, the percentage of staining intensity was lower in cases of
higher grade and stage tumours.108-110 The expression of p53 and the retinoblastoma
tumour suppressor gene play a role in experimental studies.111 The introduction of the
Rb gene in Rb-negative cell lines resulted in tumour suppression and in transfection
studies p53 played an important role in controlling DNA damage/repair. Many publi-
cations have dealt with the correlation between the immunohistochemical accumula-
tion of p53 and disease outcome in patients with superficial bladder cancer.112 The
results of these studies were confusing probably due to technical aspects regarding
immunohistochemistry for p53.113 Schmitz-Dräger et al reported a combined analysis
of all studies published dealing with the impact of p53 accumulation on the prognosis
of patients with superficial bladder cancer.114 They found a clear correlation of p53
accumulation with stage and grade, however, different outcome could be explained
because the technique was not standardised leading to technical differences (e.g. anti-
gen retrieval, optimal cut-off value).Wright et al found in clinical studies that a loss of
Rb and mutation and overexpression of p53 was associated with a increased tumour
cell growth fraction.115 P-53 expression is a predictor for progression that is not affec-
ted by intravesical immunotherapy [Table 4].116 The combination of P-53 and Rb alte-
rations showed to play a synergistic and independent role in bladder cancer progres-
sion [Table 5].117,118

Table 4
P-53 suppressor gen accumulation in superficial TCC of the bladder 116

p53 / Progresion p53 / Progression
normal Abnormal

Ta/T1 3 / 14 6 / 10
(21%) (60%)

Ta/T1 BCG pts. 2 / 9 5 / 7
(22%) (71%)

Table 5
P-53 and Rb alterations and prognosis in cystectomy patients 117

p53 / Rb status N-pts. 5-yr recurrence 5-yr survival

p53 / Rb normal 32 14% 78%

p53 normal / Rb altered 33 44% 51% 
p53 altered / Rb normal

p53 / Rb altered 12 76% 25%
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Tumour proliferative activity can be measured by tumour labelling index or S-phase
fraction, which are correlated with prognosis. Methods of measuring proliferation are
direct (DNA flow cytometry by incorporation of BrUd into tumour DNA) or by
immunohistochemical staining of cell specific antigens (KI-67 or Proliferative Cell
Nuclear Antigen), but these lack specificity and sensitivity and are not helpful for the
individual patient.119,120

The clinical utility of these and other or future markers can only be tested in large
patient cohorts with a high chance for progressive disease (muscle invasion). In a pro-
spective way the expression of these markers and the rate of progression should sub-
sequently be tested.

4- QUALITY OF LIFE ASPECTS
Quality of life aspects have only since recently been incorporated in clinical studies in
patients adjuvantly treated or followed after transurethral resection of superficial TCC
of the bladder.121 Böhle et al used a questionnaire consisting of 2 parts (a ‘general’ and
‘specific’ part), evaluating the satisfaction with different aspects of life and the influence
of therapy on general well being.122 The different treatment schedules certainly do have
an impact on quality of life, and if there is no great difference between treatment
approaches, quality of life issues could be a determination for the choice of treatment.
This is the reason why within the EORTC-GU group future TCC bladder trials will
also include quality of life forms, that are currently validated in ongoing bladder cancer
trials.

CONCLUSION
Superficial TCC of the bladder has a considerable impact on the individual patient
with respect to the chance of tumour recurrence and the fear for tumour progression.
Thanks to the evaluation of a series of well executed clinical Phase III trials risk groups
for recurrence, progression and death of malignant disease can be identified. However,
adjuvant chemo -and immunotherapy regimens still lack a firm fundamental basis and
a great deal of research still has to be done to find the anti-tumour mechanisms and
the optimal (individual?) treatment schemes. Environmental factors inducing TCC of
the bladder have been identified and smoking is one of the main contributors for the
induction of malignant growth. The role of dietary adjustments to prevent new
tumour growth should also be investigated.The basic research is now directed to the
investigation of genetic alterations leading to tumour induction.These investigations
are still experimental, but in the coming years more (promising) results will become
available.
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Chapter 2
Aims and outline of this thesis

Superficial bladder cancer is effectively treated with bacillus Calmette-Guérin (BCG)
and in fact this is the most effective form of immunotherapy of human cancer to date.
As a result, this field of research potentially provides a fundament of knowledge on
effective immune system-mediated anti-tumour mechanisms of action. The com-
plexity of BCG organisms itself and the (commercial) BCG preparation used for blad-
der instillations, as well as the complexity of the cascade of immunological reactions
evoked by intravesical BCG complicate the dissection between responses against
mycobacteria or tumour cells.The exact anti-tumour mechanism is until now unre-
solved, but elucidation of the anti-tumour mechanism(s) would greatly enhance deve-
lopment of alternative, more sophisticated, immunotherapeutic treatment strategies for
superficial bladder cancer devoid of the adverse effects of BCG immunotherapy.
Experimental, preclinical and clinical studies have revealed that the anti-tumour effect
of BCG is immune system-dependent; i.e.T-lymphocytes are (somehow) required in
the mode of action.This BCG-induced immune response, evoked as a result of intra-
vesical BCG treatment, can be used as a parameter to gain insight in several aspects of
BCG therapy that was the main focus of this thesis.

The attachment of BCG to the bladder wall and its initiation of an immunological
reaction have yet to be adequately understood.The nature of attachment as well as the
number of bacteria attached to the bladder wall and/or urothelial cells are subject to
controversies, but fibronectin dependency has been suggested. However, a pivotal role
of other bladder wall components cannot be excluded. Glycosaminoglycans (GAG’s)
on the lumenal surface of the bladder are considered as the primary defence mecha-
nism against noxious elements of urine, including (pathogenic) microorganisms, and
toxic compounds such as carcinogens. In Chapter 3 the potential adverse effects of
GAG’s by modulation of BCG binding on BCG-associated immunological parameters
were studied in a guinea pig model using a GAG-like substance, pentosan polysulfate
(PPS).
The initiating phase of BCG-induced immune stimulation was additionally studied in
vitro. Based on accumulating evidence of an active role of the epithelium in modu-
lating immune responses to bacteria, cytokine production by the human urothelial
carcinoma cell line T-24 was studied after exposure to BCG (Chapter 4).
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Knowledge concerning the appearance of cytokines in the course of BCG therapy is
sparse and limited to interleukin (IL)-1, IL-2, and tumour necrosis factor (TNF). In
addition, the significance of a BCG-associated inflammatory reaction can at present
not be excluded. No data are available on BCG-induced IL-6 production, despite the
pleiotropic character of this interleukin. Considering the characteristics of IL-6, inclu-
ding its major role in the inflammatory reaction, in Chapter 5 the kinetics of urinary
IL-6 secretion as part of BCG-induced immune modulation were monitored in
patients with superficial bladder tumour and IL-6 secretion in relation to BCG-indu-
ced IL-2 was evaluated.
In Chapter 6 the conditions for urinary IL-2, IL-6,TNF, and IL-1 measurement in
patients receiving BCG instillations for superficial bladder cancer were investigated.
Developed, well-defined conditions (e.g. stability in urine, centrifugation or not, cor-
rection for the volume of urine) were applied to determine the relation of the urinary
cytokine induction as a sign of immune responsiveness following BCG instillations
and the correlation with tumour recurrence was determined.
Repeated BCG instillations into the bladder may be considered as an immunological
antigen challenge to the sensitised patient resulting in a delayed-type hypersensitivity
(DTH) reaction in the bladder wall. The reaction of antigen-specific T-lymphocytes
has been illustrated by the induction of IL-2 and activation markers on T-cells. In the
case of a DTH reaction an increased content of serum albumin in the extravascular
tissue appears which originated from the circulation and probably gained access to the
extravascular spaces via gaps between endothelial cells. Consequently, the appearance
of albumin in the extravascular tissue within the bladder wall and possibly in the urine
after BCG instillations was expected. In Chapter 7 we investigated the presence, kine-
tics and stability of urinary albumin following BCG instillations into the bladder.
Secondly, we looked for a possible correlation between urinary albumin and urinary
cytokines.
Following intravesical BCG instillations a rapid influx of neutrophils can be observed.
IL-8 acts as a powerful chemoattractant for neutrophils, thus IL-8 could be considered
responsible for the attraction of these neutrophils. Locally attracted and activated
neutrophils can produce cytokines and proteolytic enzymes, which could possibly
result in facilitated bladder wall infiltration by leukocytes and/or BCG and enhance-
ment of the immune response. IL-8 production by the urothelial cells might then be
important for the subsequent development of an immune response against BCG and
associated clinical efficacy.Thus, we investigated in Chapter 8 whether IL-8 could be
an early-induced urinary cytokine involved in the onset of the BCG-induced immune
response, and the kinetics of IL-8 were compared with those of IL-6 and IL-2.We also
investigated whether the properties of IL-8 were suitable to be used as a predictor of
BCG responsiveness.
In patients with superficial bladder cancer treated with a first 6-week instillation
course of bacillus Calmette-Guérin (BCG) the induction pattern of urinary IL-2 was
described, and the levels were found to be associated with the clinical response to
BCG treatment (Chapter 6). Since there had been no studies on prolonged BCG
treatment and urinary cytokine responses, we evaluated in Chapter 9 urinary IL-2
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kinetics in patients receiving a second or third 6-week BCG instillation course or
maintenance therapy, in order to gain insight in the optimal number of instillations.
Studying the potential of the immunomodulating agent Rubratin for treatment of
superficial bladder carcinoma, we used in Chapter 10 the induction of urinary IL-2,
as well as additional urinary cytokines and other immune parameters to investigate the
immunostimulating activity of intravesically applied Rubratin in patients.
Based on the work described in this thesis and other research on immunotherapy in
superficial bladder cancer, in Chapter 11 the possibilities to prevent or diminish the
adverse events of intravesical BCG treatment ideas on optimisation and individualiza-
tion of BCG instillations, and options of alternatives to BCG treatment are discussed.
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Chapter 3
The effects of intravesical pre-treatment with
pentosan polysulfate on the bacillus Calmette-Guérin
induced immune reaction of the guinea pig

Published in:
Reijke, Theo M. de, Boer, Liesbeth C. de, Steerenberg, Peter A., Vos, Pieter C.N., Kurth, Karl-Heinz, and
Schamhart, Denis H.J.: The effects of intravesical pretreatment with pentosan polysulfate on the bacillus
Calmette-Guérin induced immune reaction of the guinea pig. J. Urol., 151: 746-749, 1994.

Abstract
Immunotherapy with intravesical instillation of bacillus Calmette-Guérin (BCG) is an
effective treatment for superficial bladder carcinoma. In the present study the BCG-
induced immunological reaction in the guinea pig (PPD skin test, bladder wall infil-
trates and number of cells in the iliac lymph nodes) was investigated after intravesical
pre-treatment with pentosan polysulfate (PPS), which modulated BCG attachment to
the bladder wall. Pentosan polysulfate is a molecule comparable to the naturally occur-
ring glycosaminoglycans (GAG’s) of the bladder mucosa.The data obtained after six
weekly instillations of BCG-RIVM (5 x 106 - 5 x 107 cfu) with or without pre-instil-
lation with PPS (10 mg. in 1 ml. for 0.5 h) suggested an elevation of the immuno-
logical reaction to intravesical BCG.A strong binding capacity of PPS to the mamma-
lian bladder wall was observed. In addition, and in contrast to bacteria commonly
causing cystitis, a significant binding of PPS to mycobacteria was found: 3.5, 3.6 and
3.1 �g./ml. dry weight of BCG Connaught, RIVM and Pasteur, compared with 0.2,
0.3, 0.7 and 0.0 �g./mg. dry weight of Escherichia coli, Streptococcus faecalis, Klebsiella
pneumoniae, and Proteus.
The results suggest that PPS enhances the attachment of BCG to the bladder wall,
resulting in an increased BCG-induced immunological reaction in the guinea pig. It
may be speculated that pre-treatment with PPS may increase the efficacy of BCG the-
rapy in man, especially in those patients not exhibiting an immunological reaction.

Introduction
Intravesical treatment with bacillus Calmette-Guérin (BCG) has been recognised as an
effective (adjuvant) treatment in patients with superficial bladder cancer, carcinoma in
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situ (Tis), and papillary tumours (Ta/T1).1,2 However, there remains a subpopulation of
patients with tumours refractory to BCG therapy. This demonstrates the need to
obtain fundamental knowledge about the working mechanism of BCG-associated
anti-tumour activity. At present, there is a paucity of information concerning the
mechanism of action, although an essential role of a BCG-induced, local immune
reaction has been generally accepted.3-6

The (long-term) attachment of BCG to the bladder wall and its initiation of an immu-
nological reaction have yet to be adequately understood. It is still controversial
whether the postulated interaction of BCG with fibronectin in the bladder mucosa is
a major factor.6-10 At present, a pivotal role of other bladder wall components cannot be
excluded. In this respect, attention should be paid to the surface glycosaminoglycans
(GAG’s) of the bladder wall. It has been hypothesised that glycosaminoglycans on the
luminal surface of the bladder should be considered as the primary defence mecha-
nism against noxious elements of urine, including pathogenic micro-organisms, and
toxic compounds such as carcinogens.11-13 Glycosaminoglycans have been shown to
possess anti-bacterial properties, resulting from the hydrophilic nature of these sub-
stances.14 Because GAG’s are highly sulphated polysaccharides, their presence on the
bladder wall results in a layer of water micelles imposing a barrier between the
transitional cell and urine.
In the present study, the potential adverse effects of GAG’s in the process of the BCG-
induced immunological reaction was investigated by studying BCG-associated immu-
nological parameters after modulating the binding of BCG to the bladder wall with a
GAG-like substance, pentosan polysulfate (PPS). This semisynthetic oligosaccharide
consists of � 1�4-xylopyranose residues sulphated at positions C2 and C3. Clinical
trials indicate that PPS may be efficacious in bacterial and nonbacterial interstitial
cystitis and related painful bladder disease.14,15 In addition, Parsons and associates and
others obtained clear evidence in animal model studies that PPS restores the natural
antibacterial properties of the bladder. Pentosan polysulfate forms a polyanionic layer
covering the bladder.This resembles the natural GAG-layer of the uninjured bladder
mucosa.11-13, 16 Assuming the binding of PPS to the uninjured bladder, a diminished
BCG-induced immune reaction may be expected after pre-treatment with PPS.
Consequently, this study deals with the binding of PPS to the bladder wall and to bac-
teria.We have included different BCG-preparations and some commonly found bac-
terial species associated with cystitis. Moreover, the effects of pre-instillation with PPS
on the immune response to instilled BCG were investigated in the guinea pig.

Materials and Methods
Animals
Female inbred Duncan Hartley guinea pigs (400 to 600 gm.) and female Wistar rats
(250 to 300 gm.) were obtained from Harlan/CPB (Zeist,The Netherlands).The ani-
mals received free access to guinea pig or rat chow and water.The day-night rhythm
was 12 h light and 12 h dark, while humidity was regulated.
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Bacillus Calmette-Guérin and pentosan polysulfate administration
Bacillus Calmette-Guérin RIVM (RIVM, Bilthoven,The Netherlands) was instilled
intravesically for 1 h with various numbers of colony forming units (cfu) of BCG in 3
separate experiments as previously described.9 The BCG was re-suspended in 1 ml.
phosphate-buffered saline, pH 7.2 (PBS). In animals receiving PPS (Fibrezym, Bene,
Germany) prior to PBS (PPS controls) or BCG, 10 mg. PPS in 1 ml. PBS was instilled
into the bladder for 0.5 h. In PPS pre-treatment experiments the bladder was emptied
before BCG instillation. Instillations were administered once a week during six con-
secutive weeks. Control animals were treated similarly with 1 ml. PBS.

Histological quantification of bladder wall infiltrates
Two days after final BCG instillation animals were sacrificed and bladders were resec-
ted and fixed in 4% formaldehyde fixative. Sections (4 �m.) of the cranial, medial and
caudal part were prepared and stained with hematoxylin and eosin (HE).The number
of mononuclear cell infiltrates (≥10 cells) was histomorphologically determined at
examination by light microscopy.17

Quantification of weight and number of cells of the iliac lymph nodes
At autopsy, the primary draining lymph nodes of the bladder (iliac lymph nodes) were
resected and immediately weighed. Cells were isolated by gently pressing the lymph
nodes between two glass slides, centrifuged and re-suspended in PBS.Viable cells were
counted by Trypan blue (0.5%) exclusion.The number of leukocytes was determined
by flow cytometry.17

Measurement of PPD skin reactivity
In vivo antigen specific immune response to BCG was determined with PPD (puri-
fied protein derivative of Mycobacterium tuberculosis) (RIVM) by injection of 20 �g.
PPD in 0.1 ml. PBS intradermally.The diameter of the erythematous skin reaction was
measured 24 h after the final instillation.The reaction was considered positive if the
diameter of erythema was ≥10 mm.17

In vivo attachment of BCG
The radiolabelling of BCG with [3H]uracil and preparation of the bladder to measure
3H accumulation after radiolabelled BCG instillation (0.5 h) were performed accor-
ding to Kavoussi et al.7

Measurement of PPS binding to bladder and bacteria
For determination of the PPS binding capacity to the bladder, PPS was instilled at a
concentration depending on the organism.After 0.5 h the bladders of the guinea pigs
and rats were emptied by gentle pressing on the suprapubic region. In humans, voided
urine was collected after 0.5 h. The amount of PPS was measured in the collected
urine.The amount of PPS bound to the bladders was determined by subtraction of the
amount instilled and determined in the first (voided) urine.
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The binding capacity to BCG-RIVM, BCG-Pasteur, BCG-Connaught, E. coli, S. fae-
calis, Kl. pneumoniae and Proteus was determined after the organisms were grown in
standard culture media.At the end of the exponential growth phase, the bacteria were
centrifuged at 5000 g for 5 minutes, washed and re-suspended in appropriate volumes
of PBS.After incubation (0.5 h) with various concentrations of PPS, the bacterial sus-
pension was centrifuged and the amount of PPS remaining in the supernatant was
determined. Subtraction of the amount of PPS present in the incubation fluid before
and after incubation resulted in the amount of bound PPS.
Pentosan polysulfate was determined spectrophotometrically at 525 nm with DMB
(dimethylmethylene blue) and PPS as a standard curve, modified after De Jong et al.18

The detection limit was approximately 5 �g./ml.

Statistical analyses
In tests for difference between the various groups, series of one-way analyses of
variance with equal and unequal size were used.When significant (P<0.05) differences
were found by analysis of variance, Duncan’s multiple range test was performed. In
case of unequal number of replications, Duncan’s multiple range test adjusted by
Kramer was performed (P=0.05).19 In cases of two conditions, differences were
analysed by two-sided Student’s t-test.

Results
Binding of PPS to the bladder wall
As presented in Table 1, intravesical instillation of PPS for 0.5 h resulted in a profound
binding of PPS to the bladder wall of the guinea pig, rat and men. Maximum binding
capacities of approximately 40 �g., 80 �g. and 4 mg. per bladder were found for the
rat, guinea pig and man. No PPS was detected during repeated washings following the
collection of the first urine (voided or pressing the suprapubic region) after PPS instil-
lation, indicating a strong binding of PPS to the bladder.

Table 1
PPS binding capacity to the bladder of the rat, guinea pig, and man.

PPS

Organism Number Instilled per Adherence to the
of animals bladder bladder (mean ± SD)*

Rat 7 40 �g./ml. 39 ± 1�g.
5 80 �g./ml. 40 ± 3 �g.

Guinea pig 5 80 �g./ml. 76 ± 1�g.
Man 3 10 mg./100 ml. 4 ± 1 mg.

* Mean ± standard deviation
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Binding of PPS to bacteria
After treatment of K. pneumoniae, Str. faecalis, E. coli and Proteus, bacteria commonly
found in the bladder, with PPS for 0.5 h, an adherence of less than 1 �g. PPS/mg. dry
weight of bacteria was observed (Fig. 1). In contrast, the binding capacity of three
BCG strains (RIVM, Connaught and Pasteur) was significantly (P<0.01) higher, ran-
ging from 2 to 4 �g. PPS/mg. dry weight of bacteria. The binding of PPS to the
various bacteria appeared to be strong, since no PPS was released into a PBS solution
during repeated resuspension and centrifugation of the bacteria.

Figure 1.

Binding capacity of PPS to various bacteria. Standard bars are indicated.

Effects of PPS on BCG-induced reactions in the guinea pig
The effects of various concentrations (5 x 106, 1 x 107 and 5 x 107 cfu) of BCG-RIVM
on the immune system of the guinea pig were evaluated with (10 mg./1 ml. PBS) and
without pre-treatment with PPS.After instillation 6, the PPD skin reactions, number
of bladder cell wall infiltrates, and weight and number of cells of the iliac lymph nodes
were determined (Table 2).The results showed a significant (P<0.05) enhancement of
all immunological reactions for each dose of BCG compared with the control group.
However, no dose-dependency of the various parameters was observed within the
range of (BCG-RIVM) cfu instilled, with the exception of the number of bladder wall
infiltrates.
The effect of PPS pre-treatment on local and systemic BCG-associated immuno-
logical parameters is shown in Fig. 2. Depending on the BCG concentration used, the
data suggest an elevation of the medians of the PPD skin reaction, number of bladder
wall infiltrates and number of iliac lymph node cells in the group of animals pretreated
with PPS followed by BCG treatment, although statistical significance was not achie-
ved. In agreement with this observation, an increased, although not significant
(P=0.12; n=5), attachment of [3H]uracil-labelled BCG (56.1 ( 20.0 x 103 cpm/bladder)
was indicated after pre-treatment with PPS compared with BCG instillation alone. No
effect of PPS pre-treatment alone (37.1 ± 14.4 x 103 cpm/bladder) was observed.
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Table 2
Effect of BCG instillation on various immunological parameters of the guinea piga

BCG instilled (cfu/ml)

Control 5 x 106 1 x 107 5 x 107

PPD skin reactionb 2.1 ± 3.1c 12.3 ± 1.3 10.0 ± 2.3 14.0 ± 3.7
(0/15) (5/5) (3/5) (5/5)

Bladder wall infiltratesd 0.0 ± 0.0 7.4 ± 5.0 14.4 ± 13.9 35.4 ± 23.0
Weight of the 2 iliac lymph 40.0 ± 10.0 150.0 ± 30.0 60.0 ± 10.0 70.0 ± 30.0
nodes (mg.)
Number of cells of the iliac 28.0 ± 29.0 283.0 ± 234.0 138.0 ± 112.0 243.0 ± 168.0
lymph nodes (x 10-5 ) 
Number of animals 15 5 5 5

a BCG was intravesically instilled in the indicated number of cfu. The various immunological parameters
were determined at 2 days after instillation 6, except for the skin reaction. The control consisted of either
PBS or PPS.

b Diameter of erythema (mm.); within parentheses the number of animals with positive reaction (diameter
≥10 mm.) versus total number of animals is indicated.

c Mean ± standard deviation
d Number of infiltrates/3 sections

Figure 2.

Effect of intravesical PPS pre-treatment on several parameters of immunological reaction of guinea pig to BCG.
C=control (PBS or PPS); B=BCG treatment; P/B=PPS treatment prior to BCG treatment. Medians are indicated.

Discussion
By measurement of the amount of PPS bound to the mammalian bladder, a large PPS
binding capacity was observed. These data support the reported investigations that
indicate the protective effect of PPS in injured bladders and PPS-associated relief of
interstitial and bacterial cystitis.12, 14, 16 However, nothing was known about the binding
capacity of PPS to bacteria. The present results showing a relatively low binding of
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PPS to both gram-positive (Str. faecalis) and gram-negative (K. pneumoniae, E. coli and
Proteus) bacteria, commonly found in the bladder, may be considered an additional
rationale to apply PPS to prevent or reduce bacterial-induced cystitis as proposed by
Parsons and associates.16 The apparent exception for BCG organisms, which show a
relatively strong affinity to PPS, may be interpreted as a potential possibility of attach-
ment of BCG to GAG-like structures of the bladder wall. The binding of PPS to
mycobacteria is probably due to the particular mycobacterial cell wall composition
and its constitution of a high lipid content.20 The present results suggest an enhance-
ment of the effects of BCG in a PPS pre-treated bladder, although statistical signifi-
cance was not achieved. Experiments to determine optimal PPS concentration and
mode of application are in progress.
In conclusion, in addition to the suggested importance of fibronectin, the role of
GAG-like structures of the bladder mucosa should be studied in relation to the mode
of action of BCG. It should be stressed that the apparently contradictory results ob-
tained by Kavoussi et al cannot be compared with the data on PPS reported here.7

These authors demonstrated a reduction of BCG attachment to the bladder after
intravesical pre-treatment of the bladder with heparin sulphate (HS), a compound
closely related to PPS. Contrary to the present study, Kavoussi et al determined the
effects of HS on BCG attachment in bladders with a highly disrupted urothelial sur-
face. Under conditions of an injured bladder wall a considerably greater enhancement
of BCG attachment may be expected, affecting the interpretation of the results ob-
tained after previous HS treatment.16

It is tempting to speculate about the possibility of increasing the efficacy of BCG the-
rapy, especially in immunologically non-responding patients, by intravesical pre-treat-
ment with PPS. However, it should be emphasised that one should proceed with cau-
tion, since in vitro studies indicate a growth-promoting effect of PPS.21 On the other
hand, inhibition of cell proliferation and motility have been observed.22, 23 These con-
flicting observations are probably due to cell type, growth conditions (in vitro versus in
vivo) and PPS concentration.These subjects related to superficial bladder carcinomas
are under investigation.

References
1. Herr, H.W., Pinsky, C.M., Whitmore, W.F.jr., Sogani, P.C., Oettgen, H.F., and Melamed, M.R.: Long-term effect

of intravesical bacillus Calmette-Guérin on flat carcinoma in situ of the bladder. J. Urol., 135: 265, 1986.
2. Lamm, D.L., Blumenstein, B.A., Crawford, E.D., Montie, J.E., Scardino, P., Grossman, H.B., Stanisic, T.H.,

Smith, J.A.jr., Sullivan, J., Sarosdy, M.F., Crissman, J.D., and Coltman, C.A.: A randomized trial of intravesical
doxorubicin and immunotherapy with bacille Calmette-Guérin for transitional cell carcinoma of the
bladder. N. Engl. J. Med., 325: 1205, 1991.

3. De Boer, E.C., De Jong, W.H., Steerenberg, P.A., De Groot, E.R., Van der Meijden, A.P.M., Vegt, P.D.J.,
Debruyne, F.M.J., and Ruitenberg, E.J.: Induction of urinary IL1, IL2, IL6, and TNF during intravesical
immunotherapy with BCG in superficial bladder cancer. Cancer Immunol. Immunother., 34: 306, 1992.

4. Böhle, A., Nowc, C., Ulmer, A.J., Musehold, J., Hofstetter, A.G., and Flad, H-D.: Elevations of cytokines
interleukin-1, interleukin-2, and tumor necrosis factor in the urine of patients after intravesical bacillus
Calmette-Guérin immunotherapy. J. Urol., 144: 59, 1990.

5. Schamhart, D.H.J., Kurth, K.H., De Reijke, Th.M., and Vleeming, R.: BCG treatment and the 
importance of an inflammatory response. Urol. Res., 20: 199, 1992.

6. Ratliff, T.L.: Mechanisms of action of BCG in superficial bladder cancer. Prog. Clin. Biol. Res., 378: 103, 1992.

31

C H A P T E R  3



7. Kavoussi, L.R., Brown, E.J., Ritchey, J.K., and Ratliff, T.L.: Fibronectin-mediated Calmette-Guérin bacillus
attachment to murine bladder mucosa. J. Clin. Invest., 85: 62, 1990.

8. Garden, R.J., Liu, B.C., Redwood, S.M., Weiss, R.E., and Droller, M.J.: Bacillus Calmette-Guérin abrogates in
vitro invasion and motility of human bladder tumor cells via fibronectin interaction. J. Urol., 148: 900,
1992.

9. Schamhart, D.H.J., De Boer, E.C., Bevers, R.F.M., Kurth, K.H., and Steerenberg, P.A.: Mycobacterial adherence
and BCG treatment of superficial bladder cancer. Prog. Clin. Biol. Res., 378: 75, 1992.

10. Teppema, J.S., De Boer, E.C., Steerenberg, P.A., and Van der Meijden, A.P.M.: Morphological aspects of the
interaction of bacillus Calmette-Guérin (BCG) with urothelial cells in vivo and in vitro: relevance for
antitumor activity? Urol. Res., 20: 219, 1992.

11. Hurst, R.E., Rhodes, S.W., Adamson, P.B., Parsons, C.L., and Roy, J.B.: Functional and structural characteristics
of the glycosaminoglycans of the bladder luminal surface. J. Urol., 138: 433, 1987.

12. Parsons, C.L., Stauffer, C., and Schmidt, J.D.: Bladder surface glycosaminoglycans: an efficient mechanism
of environmental adaptation. Science, 208: 605, 1980.

13. Parsons, C.L., Boychuk, D., Jones, S., Hurst, R., and Callahan, H.: Bladder surface glycosaminoglycans: an
epithelial permeability barrier. J. Urol., 143: 139, 1990.

14. Parsons, C.L., and Mulholland, S.G.: Successful therapy of interstitial cystitis with pentosan 
polysulfate. J. Urol., 138: 513, 1987.

15. Holm-Bentzen, M., Jacobsen, F., Nerstrom, B., Lose, G., Kristensen, J.K., Pedersen, R.H., Krarup, T., Feggetter,
J., Bates, P., Barnard, R., Larsen, S., and Hald, T.: A prospective double-blind clinically controlled multicenter
trial of sodium pentosan polysulfate in the treatment of interstitial cystitis and related painful bladder
disease. J. Urol., 138: 503, 1987.

16. Parsons, C.L.: Prevention of urinary tract infection by the exogenous glycosaminglycan sodium 
pentosanpolysulfate. J. Urol., 127: 167, 1982.

17. De Boer, E.C., Steerenberg, P.A., Van der Meijden, A.P.M., Van Klingeren, B., De Jong, W.H., Debruyne, F.M.J.,
and Ruitenberg, E.J.: Impaired immune response by isoniazid treatment during intravesical BCG
administration in the guinea pig. Prog. Clin. Biol. Res., 378: 81, 1992. 

18. De Jong, J.G.N., Wevers, R.A., Laarakkers, C., and Poorthuis, B.J.H.M.: Dimethylmethylene blue-based
spectrophotometry of glycosaminoglycans in untreated urine: a rapid screening procedure for
mucopolysaccharidoses. Clin. Chem., 35: 1472, 1989.

19. Kramer, C.Y.: Extension of multiple range tests to group means with unequal numbers of replication.
Biometrics, 12: 307, 1956.

20. Ryter, A., Frehel, C., Rastogi, N., and David, H.L.: Macrophage interaction with mycobacteria including M.
leprae. Acta Leprol., 2: 211, 1984.

21. Delvos, U., Paul, J.U., and Müller-Berghaus, G.: Effect of the heparinoid pentosan polysulphate (SP54) on
the functional properties of cultured bovine aortic endothelial cells. Blut, 51: 127, 1985.

22. Herbert, J.M., Cottinau, M., Driot, F., Pereillo, J.M., and Maffrand, J.P.: Activity of pentosan 
polysulphate and derived compounds on vascular endothelial cell proliferation and migration induced by
acidic and basic FGF in vitro. Biochem. Pharmacol., 37: 4281, 1988.

23. Pienta, K.J., Murphy, B.C., Isaacs, W.B., Isaacs, J.T., and Coffey, D.S.: Effect of Pentosan, a novel cancer agent,
on prostate cancer cell growth and motility. Prostate, 20: 233, 1992.

32

C H A P T E R  3



Chapter 4
Cytokine production by the human bladder
carcinoma cell line T24 in the presence of bacillus
Calmette-Guérin (BCG)

Published in:
Reijke, T.M. de, Vos, P.C.N., Boer, E.C. de, Bevers, R.F.M., Muinck Keizer, W.H. de, Kurth, K.H., and Schamhart,
D.H.J.: Cytokine production by the human bladder carcinoma cell line T24 in the presence of bacillus Calmette-
Guérin. Urol. Res., 21: 349-352, 1993

Summary
The study was initiated as an in vitro approach to the situation existing during intra-
vesical bacillus Calmette-Guérin (BCG) instillation in patients with superficial bladder
cancer. Cytokine secretion of a human bladder carcinoma cell line T24 treated with
BCG was investigated.A 24 h treatment of T24 cells with BCG resulted in a tenfold
higher secretion of interleukin-6 (IL-6) and tumour necrosis factor alpha (TNF�)
when compared with T24 cells treated with Escherichia coli, Streptococcus faecalis or a cell
wall preparation of Nocardia rubra (N-CWS). No secretion of IL-1� and IL-2 was
detected. Pre-exposing T24 cells to BCG for various periods of time indicated that a
minimum exposure time of 0.5 - 1 h was required to upregulate IL-6 and TNF-� pro-
duction. Extending the BCG pre-exposure time to 2 and 3 h further increased the rate
of cytokine production. No significant difference was found, however, between the
rate of secretion initiated after a 2 h or 3 h pre-exposure period.The amounts of these
cytokines secreted in the presence of BCG-conditioned medium did not differ signi-
ficantly from the constitutively secreted amounts, excluding an effect of products pos-
sibly secreted by BCG on the upregulation of IL-6 and TNF-�. In addition, upregula-
tion of cytokine production appeared to be dependent on the concentration of BCG.
The results suggest that urothelial tumour cells may produce cytokines after intra-
vesical instillation in patients with superficial bladder cancer, which may play a role in
the mode of action of BCG.

Introduction
Intravesical instillation of bacillus Calmette-Guérin (BCG) has been recognised as an
effective treatment in patients with superficial bladder cancer.1,2 However, the absence
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of a clinical response of a subpopulation of patients is not understood, explaining the
interest in basic research concerning BCG-associated anti-tumour activity and the
search for prognostic markers.
Although a great deal of information on the mode of action of BCG as an anti-
tumour modality is still lacking, the majority of the available evidence indicates an
immune-mediated reaction, associated with local production of cytokines.3-9 Know-
ledge of the mechanism of interaction of BCG with the bladder wall that initiates the
immunological reaction is inadequate.10,11 Data on a possible direct interaction
between BCG and normal urothelium and/or tumour cells are scarce.12,13

It is generally assumed that after BCG instillation the major cellular sources of the
cytokines detected in urine are macrophages and lymphocytes infiltrating the bladder
wall.5 However, cytokine determinations in urine reflect the response of the entire
bladder and other cellular sources cannot be excluded.The release of interleukins-1
and -6 (IL-1, IL-6) and tumour necrosis factor alpha (TNF-�) has been reported for a
number of other cell types, such as polymorphonuclear granulocytes, fibroblasts, and
endothelial and epithelial cells, and in vitro studies with bladder tumour cell lines have
shown that these cells are capable of cytokine gene expression.14-16 The bladder tumour
cell line 5637 synthesises mRNA’s encoding various cytokines under steady-state con-
ditions.17 The constitutive synthesis of B cell growth factor (BCGF), at present known
as interleukin-6 (IL-6), has been observed for T24 cells.18 In view of these observa-
tions, an investigation was initiated to study the possible effects of BCG on bladder
tumour cells.
This report describes the effects on the production of various cytokines by T24, a
human bladder carcinoma grown in vitro, of treatment with BCG and various other
bacteria commonly known to induce cystitis. BCG appeared to upregulate the pro-
duction of IL-6 and TNF-� by T24 cells.The consequences of these observations are
discussed in relation to the BCG-associated inflammatory and immune reactions.

Material and Methods
Cells and culture conditions
Stock cultures of human bladder carcinoma cell line T24 were cultured as monolayers
in standard Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10%
fetal calf serum, 100 IU/ml penicillin and 100 �g/ml streptomycin.19 Cells were
grown at 370C in a humidified 10% CO2 atmosphere at pH 7.4 until subconfluency.
Cultures were screened for mycoplasma. For passage and experiments, cells were tryp-
sinized with 0.05% trypsin and 0.02% EDTA in phosphate-buffered saline (PBS) con-
sisting of 8 g NaCl, 0.2 g KCl, 1.16 g Na2HPO4 x 2H2O and 0.2 g KH2PO4 per liter
at pH 7.4.All tissue culture chemicals were obtained from Flow Laboratories (Irvine,
UK).Tissue culture plastics were from Costar (Cambridge, Mass.).

Bacterial preparations
Escherichia coli and Streptococcus faecalis were grown according to standard microbio-
logical procedures washed and diluted to appropriate concentrations with DMEM.
Freeze-dried BCG, strain Connaught, was reconstituted in 1.0 ml diluent consisting of
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0.85% NaCl, 0.025% Tween, 0.06% NaH2PO4 and 0.25% Na2HPO4 and diluted to
appropriate concentrations with DMEM. Five hundred micrograms Rubratin
(NCWS), a lyophilised cell wall skeleton preparation of Nocardia rubra with reported
immunomodulating activity, was reconstituted in 1.0 ml saline and diluted with
DMEM.20 For determination of the effects of the various bacteria and N-CWS on
cytokine secretion, the bacteria or N-CWS were added to T24 cultures for various
periods of time. Subsequently, the medium was collected, centrifuged and stored at
-200C. The amounts of the various cytokines were determined within 2 months of
collection.

Study design
A total of 3 x 105 T24 cells (2 cm2; 1 ml medium) were treated according to the
following protocols:
1. Cells were incubated continuously for 24 hours with BCG as well as with several

other bacteria at various concentrations.At the end of the 24 h period medium was
collected for cytokine determinations.

2. Cells were pre-exposed to BCG (2 x 106 cfu) for time intervals ranging from 0.25
to 3h, washed 3 times with DMEM and fresh culture medium added. Subsequent-
ly, samples of medium were taken regularly over a period of 8 - 12 h for cytokine
determinations.

Determination of IL-6, IL-1ß, IL-2, and TNF-a
IL-1�, IL-2, IL-6 and TNF-� were quantified with a human specific, oligoclonal
enzyme-linked immunosorbent assay (ELISA) obtained from Medgenix (Fleurus,
Belgium). We recently demonstrated a significant relation between the Medgenix
ELISA and the bioassay utilising a variant (subclone 9.9) of the original IL-6 depen-
dent hybridoma cell line B13.29 as described by van Oers et al.9,21

Determination of total protein and the rate of protein synthesis
Proliferation of T24 cells during the experiments was determined by measuring total
cellular protein.22,23 Labelling and measurement of the rate of protein synthesis were
performed as described by Schamhart et al.24

Statistical analysis
To test for differences between groups, series of one-way analyses of variance of equal
or unequal size were used. When significant (P<0.05) differences were found by
analysis of variance, Duncan’s multiple range test or, in the case of an unequal number
of replications, Duncan’s multiple range test as adjusted by Kramer, was performed
(P=0.05).25,26
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Results
Bacteria-induced cytokine secretion by T24 cells
Initially, secretion of IL-6 and TNF-� by T24 cells was determined after a 24 h expo-
sure to BCG Connaught, N-CWS, E. coli, and S. faecalis at various concentrations
(Table 1).The results showed a strong enhancement of IL-6 and TNF-� secretion in
the presence of BCG compared with the amounts produced constitutively or in the
presence of the other bacteria investigated. The highest BCG-induced IL-6 and 
TNF-� secretion was about 10 times higher than that induced by E. coli, S. faecalis, or
N-CWS. In addition, the induction of IL-6 and TNF-� appeared to be concentration
dependent. No proliferation or lysis of T24 cells was observed during the time course
of the experiments.
Under these conditions no bacteria-induced IL-1� or IL-2 was detected.

Table 1
IL-6 and TNF-� secretion of T24 cells after 24 h of incubation with different bacteria and bacterial cell walls a

Incubated with IL-6 (ng) TNF-a (pg)
——————————— ———————
Organism or bacterial Quantity
cell wall

None 1.0 ± 0.6 (6)b 9.5 ± 3.0 (4)
BCG Connaught 2 x 105 cfu 2.1 ± 0.8 (4) 23.2 ± 3.6 (3)c

2 x 106 cfu 37.8 ± 1.6 (4)c 136.0 ± 6.3 (3)c

2 x 107 cfu 22.9 ± 1.0 (3)c 94.7 ± 7.0 (3)c

Escherichia coli 1 x 105 cfu 0.4 ± 0.1 (3) 9.9 ± 2.8 (3)
1 x 107 cfu 2.0 ± 0.3 (3)c 9.8 ± 0.1 (3)
1 x 109 cfu 4.1 ± 0.0 (3)c 7.6 ± 11.4 (3)

Streptococcus faecalis 1 x 105 cfu 0.5 ± 0.0 (3) 5.7 ± 0.6 (3)
1 x 107 cfu 0.4 ± 0.0 (3) 8.8 ± 0.1 (3)
1 x 109 cfu 1.8 ± 0.5 (3) 6.3 ± 1.5 (3)

N-CWS 0.6 �g 0.4 -
6.0�g 0.7 -
60.0 �g 3.3 -

IL-6, Interleukin-6; TNF, tumor necrosis factor; -, not determined
a 3 x 105 T24 cells were incubated for 24 h in the presence of the indicated number of bacteria

or bacterial cell walls (N-CWS)
b Mean ± SD (number of replications)
c P <0.05 compared with constitutive secretion (“None”)

Production of IL-6 and TNF-a after BCG pre-exposure for various periods of time
In a next series of experiments the effects of pre-exposure of T24 cells to BCG (2 x
106 cfu) for 0, 0.25, 0.5, 1, 2, and 3 h on IL-6 and TNF-� production were studied
(Fig. 1). Subsequent monitoring over a period of at least 8 h after pre-exposure indica-
ted that a minimum pre-exposure period of 0.5 - 1 h was required to upregulate cyto-
kine production to a significant (P<0.05) degree. Increasing the pre-exposure time to
2 or 3 h resulted in an increase of the initial rate of IL-6 and TNF-� production by a
factor 2.9 ± 0.7 and 4.8 ± 2.0, respectively, compared with a 1 h pre-exposure period.
No significant (P >0.05) differences between 2 h and 3 h pre-exposures to BCG were

36

C H A P T E R  4



found in the kinetics of IL-6 or TNF-� production.
Determination of the total rate of protein synthesis of T24 cells pre-exposed to BCG
for 3 h showed that BCG did not affect the total rate of protein synthesis compared
with that in untreated T24 cells (results not shown). These results establish that the
upregulation of IL-6 and TNF-� production by BCG did not result from an increase
in the rate of total protein synthesis.

Bacteria-secreted products and T24 cytokine secretion
In order to investigate whether the observed cytokine secretion resulted from products
secreted by the bacteria,T24 cells were incubated with BCG-conditioned (4 and 24 h)
medium and the secretion of IL-6 and TNF-� monitored over a period of 12 and 8 h,
respectively (Fig. 1). No significant (P >0.05) differences in cytokine secretion were
found compared with their constitutive production. In contrast, incubating T24 cells
with E. coli-conditioned medium for 24 h resulted in an IL-6 production (4.1 ± 0.1
pg) identical to that during incubation with 1 x 109 cfu E. coli (4.1 ± 0.0 pg), indica-
ting the involvement of products secreted by E. coli in the (slight) upregulation of 
IL-6.

Figure 1A, B.

Secretion of interleukin-6 (IL-6) and tumor necrosis factor alpha (TNF-�) by T24 cells after pre-exposure to BCG.
T24 cells (3 x 105) in 1 ml Dulbecco’s modified Eagle’s medium were exposed to BCG (2 x 106 cfu) for 0 
(+ - +), 0.25 (□ - □), 0.5 (* - *), 1 (◊ -◊), 2 (x - x) or 3 (∆ - ∆) h. After removal of BCG by washing, fresh
medium (1 ml) was added and IL-6 (A) and TNF-� (B) were determined during the indicated time intervals.
Cytokine secretion after “exposure for 0 h” represents the constitutively secreted amounts of IL-6 or TNF�. The
effects of BCG-conditioned medium on IL-6 and TNF-� were determined after incubating T24 with 4 h (0 - 0)
or 24 h (x - x) BCG-conditioned medium. Error bars (± SD) are indicated.

37

C H A P T E R  4

A
1000 100

80

60

40

20

0

0 4 8 12 0 4 8

800

600

400

200

0

IL
 -

 6
 (

pg
)

TN
F 

(p
g)

B

Time after BCG pre-incubation (h)



Discussion
This study has demonstrated that, in contrast to various other bacteria, bacillus
Calmette-Guérin upregulates the production of IL-6 and TNF-�, but not of IL-1� or
IL-2, by the human bladder carcinoma cell line T24. The upregulation appeared to
depend on both the concentration of BCG and the pre-exposure time to BCG. It
should be noted that extrapolation of the data on cytokine production after pre-expo-
sing T24 cells for 2 or 3 h to BCG results in a theoretical amount of approximately 2
ng IL-6 and 250 pg TNF-� over a period of 24 h (Fig. 1), whereas after continuous
incubation for 24 h with BCG total amounts of 37 ng IL-6 and 136 pg TNF-� were
observed (Table 1).Although not the immediate subject of this paper, the discrepancy
between these figures, in particular of IL-6 production may most probably be
explained by a progressive increase in the rate of IL-6 synthesis during continuous
incubation with BCG.
The pre-exposure period to BCG of 2 - 3 h required to obtain appreciable secretion
of IL-6 and TNF-� seems to agree with the reported time-dependent internalisation
of BCG by the bladder tumour cell lines T24 and MBT-2, which show a maximum at
3 h.12 However, the current data do not exclude BCG-induced upregulation of IL-6
and TNF-� production by other, as yet unidentified mechanism(s) not related to inter-
nalisation of BCG. Of these alternative mechanisms, upregulation of IL-6 by pro-
duct(s) secreted by BCG into the medium has been excluded in the present study.
Additional studies, including inhibition of the phagocytic process and the use of non-
phagocytosing bladder (tumour) cell lines, are in progress to determine whether or not
internalisation is a prerequisite for upregulation of cytokine production.
The absence of an effect of BCG on the rate of total protein synthesis and cell lysis and
the absence of proliferation of T24 cells during the course of the experiments suggest
a specific upregulation of de novo IL-6 and TNF-� synthesis.
As currently understood, BCG-mediated anti-tumour activity in humans results from
stimulation of local immunological reactions initiated by the attachment of BCG to
the bladder.3,5,6-9,13,14 However, no conclusive data are available on this latter event.8,10,11

Becich et al have suggested a potential active role of transitional epithelial cells (after
BCG internalisation) in the anti-tumour process.12 The present data, showing both a
concentration dependency and the requirement for an exposure period of at least 2 h
to obtain significant cytokine secretion by T24 cells, correlate with clinical observa-
tions and animal studies on BCG concentration dependency and the general clinical
practice of retaining BCG in the bladder for 2 h. Furthermore, the specificity of BCG,
compared with that of several other bacteria, in upregulating cytokine production by
T24 cells seems to agree with clinical observations showing an increase in urinary
cytokines after BCG instillation and no significant increase in urinary cytokines in
patients with urinary tract infections.4-6,9

It is generally assumed that urinary cytokines found after intravesical BCG instillation
are produced by leukocytes. From the present data it is tempting to speculate that
cytokines may also be produced by tumour cells and/or normal urothelial cells as a
result of their interaction with BCG.This phenomenon may be of additional impor-
tance in the BCG-associated immune response. However, further studies, including
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experiments using additional bladder cell lines with a different degree of differen-
tiation, are needed to verify this hypothesis.

Acknowledgements. This work was funded in part by ASTA Pharma (Frankfurt,
Germany) and Connaught Laboratories (Willowdale, Ontario, Canada).

References
1. Herr, H.W., Pinsky, C.M., Whitmore W.F.jr, Sogani, P.C., Oettgen, H.F., and Melamed, M.R.: Long-term effect

of intravesical bacillus Calmette-Guérin on flat carcinoma in situ of the bladder. J. Urol., 135: 265, 1986.
2. Lamm, D.L., Blumenstein, B.A., Crawford, E.D., Montie, J.E., Scardino, P., Grossman, H.B., Stanisic, T.H.,

Smith, J.A.jr, Sulivan, J., Sarosdy, M.F., Crissman, J.D., and Coltman, C.A.: A randomised trial of intravesical
doxorubicin and immunotherapy with bacille Calmette-Guérin for transitional-cell carcinoma of the
bladder. N. Engl. J. Med., 325: 1205, 1991.

3. Boer, E.C. de, Jong, W.H. de, Meijden, A.P.M. van der, Steerenberg, P.A., Witjes, J.A., Vegt, P.D.J., Debruyne,
F.M.J., and Ruitenberg, E.J.: Presence of activated lymphocytes in the urine of patients with superficial
bladder cancer after intravesical immunotherapy with bacillus Calmette-Guérin. Cancer Immunol.
Immunother., 33: 411, 1991.

4. Boer, E.C. de, Jong, W.H. de, Steerenberg, P.A., Aarden, L.A., Tetteroo, E., Groot, E.R. de, Meijden, A.P.M. van
der, Vegt, P.D.J., Debruyne, F.M.J., and Ruitenberg, E.J.: Induction of IL1, IL2, IL6, and TNF during intravesical
immunotherapy with BCG in superficial bladder cancer. Cancer Immunol. Immunother., 34: 306, 1992.

5. Böhle A., Busemann, E., Gerdes, J., Ulmer, A., Flad, H-D., and Jocham, D.: Long-term immunobiological
effects of intravesical bacillus Calmette-Guérin against bladder carcinoma recurrences. Dev. Biol. Standard
77: 199, 1992.

6. Haaff, E.O., Catalona, W.J., and Ratliff, T.L.: Detection of interleukin 2 in the urine of patients with superficial
bladder tumors after treatment with intravesical BCG. J. Urol., 136: 970, 1986.

7. Prescott, S., James, K., Hargreave, T.B., Chisholm, G.D., and Smyth, J.F.: Radio-immunoassay detection of
interferon-gamma in urine after intravesical Evans BCG. J. Urol., 144: 1248, 1990.

8. Ratliff, T.L.: Mechanism of action of intravesical BCG for bladder cancer. Prog. Clin. Biol. Res., 310: 107,
1989.

9. Schamhart, D.H.J., Kurth, K.H., Reijke, T.M. de, and Vleeming, R.: BCG treatment and the importance of an
inflammatory response. Urol. Res., 20: 199, 1992.

10. Kavoussi, L.R., Brown, E.J., Ritchey, J.K., and Ratliff, T.L.: Fibronectin-mediated Calmette-Guérin bacillus
attachment to murine bladder mucosa. Requirement for the expression of an antitumor response. J. Clin.
Invest., 85: 62, 1990.

11. Schamhart, D.H.J., Boer, E.C. de, Bevers, R.F.M., Kurth, K.H., and Steerenberg, P.A.: Mycobacterial adherence
and BCG treatment of superficial bladder cancer. Prog. Clin. Biol. Res., 378: 75, 1992.

12. Becich, M.J., Carroll, S., and Ratliff, T.L.: Internalization of bacille Calmette-Guérin by bladder tumor cells. J.
Urol., 145: 1316, 1991.

13. Teppema, J.S., Boer, E.C. de, Steerenberg, P.A., and Meijden, A.P.M. van der:Morphological aspects of the
interaction of bacillus Calmette-Guérin (BCG) with urothelial cells in vivo and in vitro: relevance of
antitumor activity? J. Urol., 147: 219, 1992.

14. Dinarello, C.A.: Interleukin-1 and its biologically related cytokines. Adv. Immunol., 44: 153, 1989.
15. Kishimoto, T.: The biology of interleukin-6. Blood, 74: 1, 1989.
16. Semenzato, G.: Tumor necrosis factor: a cytokine with multiple biological activities. Br. J. Cancer, 61: 354,

1990.
17. Kaashoek, J.G.J., Mout, R., Falkenburg, J.H.F., Willemze, R., Fibbe, W.E., and Landegent, J.E.: Cytokine

production by the bladder carcinoma cell line 5637: rapid analysis of mRNA expression levels using a
cDNA-PCR procedure. Lymphokine Cytokine Res., 10: 231, 1991.

18. Rawle, F.C., Shields, J., Smith, S.H., Iliescu, V., Merkenslager, M., Beverley, P.C.L., and Callard, R.E.: B cell
growth and differentiation induced by supernatants of transformed epithelial cell lines. Eur. J. Immunol.,
16: 1017, 1986.

19. Bubeník, J., Baresová, M., Viklicky, V., Jakoubková, J., Sainerová, H., and Donner, J.: Established cell line of
urinary bladder carcinoma (T24) containing tumor-specific antigen. Int. J. Cancer, 11: 765, 1973.

39

C H A P T E R  4



20. Drings, P., Manke, H.G., Gunther, I., Aulenbacher, P., and Peukert, M.: Immunomodulating activity of
Rubratin: results of a Phase II trial in advanced lung cancer. Contrib. Oncol., 37: 279, 1989.

21. Oers, M.H.J. van, Heyden, A.A.P.M. van, and Aarden, L.A.: Interleukin-6 (IL-6) in serum and urine of renal
transplant recipients. Clin. Exp. Immunol., 71: 314, 1988.

22. Lowry, O.H., Rosebrough, N.J., Farr, A.L., and Randall, R.J.: Protein measurement with the Folin phenol
reagent. J. Biol. Chem., 193: 265, 1951.

23. Schamhart, D.H.J., Poll, K.W. van de, and Wijk, R. van: Comparative studies of glucose metabolism in HTC,
MH1C1, and Reuber H35 rat hepatoma cells. Cancer Res., 39: 1051, 1979. 

24. Schamhart, D.H.J., Zoutewelle, G., Aken, H. van, and Wijk, R. van: Effects of the expression of heat shock
proteins by stepdown heating and hypothermia in rat hepatoma cells with a different degree of heat
sensitivity. Int. J. Hyperthermia, 8: 701, 1992.

25. Duncan, D.B.: Multiple range and multiple F tests. Biometrics, 11: 1, 1955.
26. Kramer, C.Y.: Extension of multiple range tests to groups means with unequal numbers of replications.

Biometrics, 12: 307, 1956.

40

C H A P T E R  4



Chapter 5
BCG treatment and the importance of an
inflammatory response

Published in:
Schamhart, D.H.J., Kurth, K.H., Reijke, T.M. de, and Vleeming, R.: BCG treatment and the importance of an
inflammatory response. Urol. Res., 20: 199-203, 1992

Summary
A prospective study was performed on patients with superficial bladder tumour treated
with bacillus Calmette-Guérin (BCG).The kinetics of interleukin-6 (IL-6) titres were
monitored in urine collected at regular intervals for 24 h during 14 BCG treatments,
each consisting of six weekly intravesical instillations. IL-6 titres were quantified with
an ELISA system and compared with a bioassay (biologically active IL-6) system.After
instillation, urinary IL-6 titres transiently increased, reaching maximum levels between
2 and 6 h after instillation. IL-6 titres appeared to be significantly correlated with an
increase of total cells retrieved by bladder washout 3 h after instillation.The kinetics of
the weekly maximum biologically active IL-6 titres indicates that three types of BCG-
induced response occur: an “early” response starting at the first instillation; a “late”
response after the third instillation; or no IL-6 response.The “early” response appeared
to be associated, but not strictly correlated, with an IL-2 response.The results suggest
that the effectiveness of BCG treatment is determined by two processes, an inflamma-
tory one, followed by a delayed type of hypersensitivity response.

Introduction
Intravesical instillation of bacillus Calmette-Guérin (BCG) is an established and effec-
tive form of adjuvant therapy for cases of superficial bladder carcinoma.1,2 However,
the mechanisms of action of BCG, resulting in inhibition of tumour growth, are not
well understood.3 Recent studies have stressed the importance of local immunological
mechanisms at the mucosal surface of the bladder, emphasising the delayed-type
hypersensitivity (DTH) reaction.3 An association between anti-tumour activity and a
T-cell-dependent mode of action has been concluded from histological studies and
from the absence of response in tumour-bearing athymic mice.4,5 Knowledge concer-
ning the appearance of cytokines in the course of BCG therapy is sparse and limited
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to interleukins (IL)-1, IL-2, and tumour necrosis factor (TNF).6,7 In addition, the sig-
nificance of a BCG-associated inflammatory reaction can at present not be excluded.
No data are available on BCG-induced IL-6 production, despite the pleiotropic
character of this interleukin.8.9 Considering the characteristics of IL-6, including its
major role in the inflammatory reaction, the aim of this study was to monitor the
kinetics of urinary IL-6 secretion as part of BCG-induced immune modulation in
patients with superficial bladder tumour and to evaluate IL-6 secretion in relation to
BCG-induced IL-2.

Material and Methods
Patients and BCG treatment protocol
Fourteen patients with superficial bladder cancer (TCC), category Tis, Ta, T1 were
treated with various BCG strains, containing at least 5 x 108 colony-forming units
(CFU) per BCG instillation, which were retained in the bladder for 2 h.A total of six
BCG instillations were performed at weekly intervals. Instillation was initiated after
biopsy (TisG3) or complete resection of all visible tumours (Ta/T1) and histological
confirmation of the diagnosis.

Collection and processing of urine specimens and bladder washouts
Urine samples were obtained prior to catheterization by voiding and by catheter 1, 2
and 3 h after BCG instillation. Subsequently, voided urine was collected during 3-6,
6-12 and 12-24 h intervals.
Urine samples were centrifuged at 1000 g for 10 min, stored at -200C and tested for
cytokines within 2 months of collection. Bladder washouts (BWO’s) of 100-ml saline
were performed immediately before, and 3 and 24 h after the instillation. BWO’s were
processed immediately. Cells were collected by centrifugation, re-suspended in 1-2 ml
phosphate-buffered saline containing 2-mg bovine serum albumin and 0.2 mg EDTA
per millilitre. Appropriate dilutions were prepared, stained with a Türks solution and
counted under a microscope.

Analysis of urinary cytokines
For the IL-6 bioassay, urine specimens were filtered using Centricon-10 (10,000 mol.
wt. cut-off; Amicon, Danvers, Mass.) in order to remove low-molecular-weight in-
hibitors of the IL-6 assay.After filtration, the samples were reconstituted to the origi-
nal volume with phosphate-buffered saline.The bioassay was performed with a variant
(subclone 9.9) of the original IL-6-dependent hybridoma cell line B13.29.10,11 In
addition to the bioassay, IL-6 was determined by ELISA (Medgenix, Fleurus,
Belgium). IL-2 was measured by radioimmunoassay (Amersham, Houten, The
Netherlands).The immunoassays were directly performed on centrifuged urine samp-
les. In a total of 294 urine specimens the cytokines were measured in duplicate or tri-
plicate, including standard titration curves.
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Statistical analysis
Correlation co-efficients were calculated by the Pearson product-moment correlation
method. Comparison of the different groups was achieved using Student’s t-test; a 
P value of less than 0.05 was considered to be significant.

Results
Kinetics of IL-6
Initially, the 24 h kinetics of BCG-induced elevation of urinary IL-6 in two patients
was studied extensively by both ELISA and bioassay after each intravesical BCG instil-
lation. As shown in Fig. 1A, a transient increase of IL-6 secretion was observed,
reaching a maximum between 2 and 6 h after BCG instillation.This kinetics appeared
to be independent of the assay system used.Titres returned to normal within 24 h. It is
significant to note that in the course of this study with increasing IL-6 concentrations
the values obtained by ELISA were higher than those using the bioassay. By determi-
ning urinary IL-6 levels of various patients and standard, purified IL-6 preparations
with both assays, a double log relation (r = 0.952; P < 0.01) was found, indicating that
this result was independent of the patient (Fig. 1B).Addition of standard IL-6 prepara-
tions to the urine specimens resulted in a recovery of at least 96%, which shows that
there were no factors interfering with either assay system and no loss of IL-6 during
the filtration step used in the bioassay.

Figure 1

A. Comparison between the kinetics of interleukin-6 (IL-6) production in two patients (�,∆) prior to and after
instillation 6, as measured by bioassay (----) or ELISA (––––).

B. Double log relation between IL-6 concentrations determined by bioassay and ELISA: log[ELISA]=0.13 x 1.17
log[bioassay]. The data consist of patient material (�), an IL-6 standard, HGF (�)11 and IL-6 produced by
human endothelial cells (HECS) in vitro (∆).
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In a further series of experiments, the 24 h kinetics of IL-6 in seven patients, each
receiving 6 weekly instillations was determined. Expressed as frequencies, the number
of IL-6 peak values was 33%, 64%, and 0% at 2-3, 3-6 and 6-12 h after BCG instil-
lation, respectively.The results of 42 instillations demonstrate that the maximum eleva-
tion of IL-6 occurred within 2-6 h after instillation. In the same urine samples figures
were 62%, 28%, and 10% for IL-2, showing that the majority of IL-2 peak values were
found in urine collected between 2 and 3 h after instillation.

Figure 2

A, B. Kinetics of the maximum titre of IL-6 during the course of BCG treatment in patients exhibiting an “early”
(A) or “late” (B) response. The dotted lines indicate the mean, mean ± 1 SD and mean ± 2 SD. Also indicated
are the pre-therapy levels (0).

Subsequently, the biologically active IL-6 titres prior to therapy and maximum IL-6
titres after each of the six instillations in 14 patients were determined by ELISA and
subsequently converted using the correlation presented in Fig. 1B (Fig. 2).The mean
IL-6 titre prior to therapy was found to be 1.9 ± 3.1 pg/�mol creatinine (n=14).
Analysing the kinetics of the weekly maximum IL-6 titres indicates that three types of
BCG-induced responses occur: (1) an “early” response (7 patients), of which, (com-
pared to the pre-therapy value) the kinetics of the weekly maximum IL-6 titre could
be characterised by an increase during each instillation, starting from the first instil-
lation (Fig. 2A); (2) a “late” response (6 patients), characterised by a (generally) lower
enhancement of the IL-6 titre initiated at a later phase of therapy (Fig. 2B); and (3) no
IL-6 response (1 patient), i.e. not exceeding the pre-therapy titre (results not shown).
Table 1 shows the mean maximum IL-6 titre obtained after each instillation in patients
exhibiting an “early” or “late” response, quantifying the difference in response.
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Table 1
Average (mean ± SD) of maximum interleukin-6 (IL-6) titre after instillations 1-6 in 13 patients exhibiting an
“early” (n=7) or “late” (n=6) IL-6 response

N-instillations 1 2 3 4 5 6

IL-6 response
“Early” 32 ± 27 78 ± 45 197 ± 101 129 ± 87 206 ± 252 241 ± 316
“Late” 4 ± 8 10 ± 17 6 ± 6 6 ± 2 16 ± 16 70 ± 90
Significance P < 0.05 P < 0.01 P < 0.001 P <0.02 NS NS

Kinetics of cell release
Cell release, obtained by BWO, was analysed prior to and 3 h after each BCG instil-
lation. Disregarding the occasionally found erythrocytes, the majority of this cellular
material consisted of granulocytes (>95%), but lymphocytes (CD 3+) and urothelial
cells were also detected. The weekly kinetics of total release paralleled the observed
weekly maximum IL-6 titres, reflected by a significant correlation (r = 0.808;
P < 0.01; n = 41) obtained by plotting the corresponding maximum values of IL-6
and cell amounts after each instillation in seven patients (Fig. 3).

Figure 3

Correlation between maximum IL-6 titre after BCG instillation and total cell number, obtained by bladder wash
out 3 h after instillation.

Kinetics of IL-2
The maximum urinary IL-2 titres were determined after measuring the 24 h kinetics
of 84 instillations (6 in each of 14 patients).The mean pre-therapy value was 415 ±
376 pg/�mol creatinine. Figure 4 shows the number of maximum IL-2 levels, in-
creasing the mean, mean ± 1 SD and mean ± 2 SD of the pre-therapy value, respec-
tively. The results show an enhancement of IL-2 in urine collected during the later
phases of therapy (instillations 4-6).
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Figure 4

Number of maximum IL-2 titres during the indicated instillations exceeding the pre-therapy mean ( � ), mean
± 1 SD ( � ) and mean ± 2 SD ( � ) in 14 patients. The pre-therapy mean ± SD was found to be 415 ± 376
pg/�mol creatinine.

Figure 5

Number of maximum IL-2 titres during the indicated instillations exceeding the pre-therapy mean ( � ), mean
± 1 SD ( � ) and mean ± 2 SD ( � ) in 14 patients, presented according to “early” (7 patients) and “late” (6
patients) type of IL-6 response. The patient with no IL-6 response was not included in this analysis.
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IL-6 response and induction of IL-2
Urinary secretion of IL-2 was evaluated in patients exhibiting an “early” and “late”
IL-6 response.Analysing instillations 4-6, the number of maximum IL-2 titres secreted
within 6 h after instillation were scored as either elevated or non-elevated using as
“cut-off ” levels the pre-therapy mean, mean ± 1 SD and mean ± 2 SD values (Fig. 5).
Taking into consideration increased “cut-off ” values, the data indicate that an “early”
IL-6 response appeared to be associated with an IL-2 response following instillations
4-6. In patients with a “late” IL-6 response the BCG-associated IL-2 response
appeared to occur during a later phase of therapy (instillation 6).

Discussion
The present observations demonstrate for the first time the occurrence of a BCG-
induced IL-6 response in patients with bladder carcinoma. The response could be
described by several characteristics, distinguishing the IL-6 response from that of IL-2.7

First, the transient induction of IL-6 occurred either at a very early stage of BCG
treatment (instillation 1;“early” response), re-occurring during each subsequent instil-
lation or during a later phase of therapy (instillations 3-6; “late” response). Secondly,
the absolute maximum IL-6 titre after instillation correlates with a cellular response
mainly reflected by the number of neutrophils.
Among the large variety of cells, including T-lymphocytes, endothelial cells and fibro-
blasts, monocytes/macrophages seem to be the major source of IL-6 production with-
in the human mononuclear cell population.10 Human IL-6 exhibits multiple actions
and seems to be highly indicative of inflammation.8-10

Although still controversial, most authors currently accept a local response of the
immune system as the most likely primary mechanism, explaining the anti-tumour
effect of intravesical BCG instillations in patients with superficial bladder carcinoma
(see [3] for review). Recently, Böhle and associates reported increased levels of IL-1,
IL-2, and TNF after the sixth instillation of BCG in patients with superficial bladder
carcinoma, providing additional evidence in support of the concept of a T-cell-depen-
dent mechanism of action.6 Furthermore, the present results confirm those reported
by Haaff and co-workers, indicating maximum elevation of urinary IL-2 after instil-
lations 4-6.7

However, at present no conclusive data are available to exclude other, additional
mechanisms, including direct (toxic) effects of BCG on tumour cells and/or inflam-
mation without antigen recognition, as important effectors.
Considering urinary IL-6 secretion paralleled by an increased release of granulocytes
to be a conclusive inflammatory response, these parameters were considered worth-
while for study of the effects of an inflammatory response on the secretion of addi-
tional urinary cytokines.The present report indicates that secretion of IL-2 is associa-
ted, but not strictly correlated, with the occurrence of a preceding inflammatory
response.
Although only a limited number of patients were studied, it is tempting to consider
BCG-induced anti-tumour activity the result of two co-operative processes, i.e. (1) an
initial, continuous inflammatory reaction and (2) a T-cell-mediated response, reflected
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by an increase in the urinary IL-2 titre, at a later stage of therapy.7 Whether IL-6 is
involved in B-cell proliferation/maturation, possibly associated with BCG-induced
anti-tumour activity, remains to be established.9 With respect to the practical implica-
tions, monitoring the absolute levels and kinetics of IL-6 seems to provide a sensitive,
non-invasive parameter indicative of the occurrence of an inflammatory response. It
seems worthwhile to explore the value of this parameter as part of a systematic inves-
tigation of the BCG-induced immunological response, as this may provide infor-
mation regarding dose and/or number of instillations, adapted to individual patients.
In general, immunomonitoring, emphasising the kinetics of a local (BCG-specific)
production of cytokines and mobilisation of immunocompetent cells during the
course of BCG treatment, should be considered as an attempt to address the working
mechanism of BCG or biological response modifiers in general. Such an approach
may provide a rationale for this therapy and the clinical (prognostic) parameters to
monitor.
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Abstract
Purpose: An accurate prognostic indicator to identify non-responding patients with
superficial transitional cell carcinoma (TCC) of the bladder at an early stage of intra-
vesical bacillus Calmette-Guérin (BCG) therapy is urgently needed.
Materials and Methods:The processing conditions and stability of several BCG-induced
urinary cytokines were analysed, as was the possible correlation between these cyto-
kines (indicating immune responsiveness to BCG) and bladder tumour recurrence.We
studied 23 patients with superficial transitional cell carcinoma of the bladder. Moni-
toring was performed by serial collection of urine during the first 24 hours after each
of the 6 consecutive weekly intravesical BCG instillations. Baseline pre-therapy cyto-
kine levels were 3.9 ± 4.7 pg./�mol. creatinine for interleukin-1�, 0.0 ± 0.0 units per
�mol. creatinine for interleukin-2, 8.9 ± 12.9 pg./�mol. creatinine for interleukin-6
and 0.1 ± 0.2 pg./�mol. creatinine for tumour necrosis factor-� (all measured by
enzyme-linked immunosorbent assay). To investigate the correlation between inter-
leukin-2 and bladder tumour recurrence, patients were stratified into 2 groups based
on an early (6 months or less) or late (greater than 6 months) recurrent tumour. For
each patient the highest cytokine value measured during the 6-week BCG treatment
course was evaluated.
Results: The results were positive if the level in urine exceeded 0.34 units 
interleukin-2 per �mol. creatinine. A significant correlation between urinary inter-
leukin-2 and tumour recurrence was found (p=0.003, 23 patients). Of the studied
cytokines obtained from BCG treated patients, interleukin-1�, 2 and 6 but not
tumour necrosis factor-� were stable in urine at 40 C and 200 C.At 370 C all cytokines
were unstable. Interferon-� could only be detected in immediately dialysed urine and
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its occurrence correlated most with that of interleukin-2. Processing of urine by
centrifugation to remove leukocytes immediately after collection was not required for
reliable measurements of interleukins-2 and 6. Based on these results interleukins-2
and 6 were preferred for extensive monitoring of the BCG induced immune reaction.
Conclusions: Our study provides significant evidence for a correlation between urinary
cytokine induction and clinical response following intravesical BCG therapy.
Particularly, monitoring of interleukin-2 may have the potential for prognostic value
provided that strict precautions regarding urine collection, such as maximal 2-hour
sampling and immediate cooling, are taken.

Introduction
During the last decade intravesical treatment with the biological response modifier
bacillus Calmette-Guérin (BCG) for treatment and prophylaxis of superficial papillary
cell carcinoma and carcinoma in situ of the bladder has become gradually widespread.
BCG treatment is at least as effective as and perhaps superior to most of the common
chemotherapy regimens used to prevent recurrences.1 The local immunostimulation
exerted by intravesical BCG therapy is characterised by a major infiltration of T lym-
phocytes, predominantly CD4+, in the bladder wall and a coinciding major histocom-
patibility class II antigen induction on urothelial cells.2,3 In the urine various cytokines,
such as interleukins-1�, 2 and 6, tumour necrosis factor-�, and interferon-�, and
various types of leukocytes are detectable early after BCG instillation.4-9 These BCG
induced cytokines may generate bladder tumour killing cells comparable to lympho-
kine activated killer cells.10 Most of the available evidence indicates an immune media-
ted mode of action.11 However, detailed knowledge on the mechanism by which BCG
exerts its anti-neoplastic effect is lacking.
The BCG treatment schedule and dose are initially arbitrary and controversy exists
with regard to the optimal treatment protocol. A variety of different BCG treatment
regimens has been used that vary in intensity from once weekly instillations for 6 con-
secutive weeks to 24 weekly instillations followed by instillations bimonthly for 3
months and then monthly for 18 months.12,13 Although more favourable treatment
results have been reported, toxicity was also substantially greater with intensive regi-
mens.To decrease toxicity of BCG treatment without compromising clinical efficacy a
lower BCG dose has been applied.14,15 Most urologists use at least an induction course
of 6 consecutive weekly BCG instillations.
Possibly, the BCG dose and treatment regimen required for initiation of a therapeutic
response varies from patient to patient.As a consequence, there is a need for accurate
prognostic indicators with sufficient specificity to identify non-responders at an early
stage so that the BCG treatment can be adjusted to the patient or alternative thera-
peutic regimens can be initiated, especially in patients at high risk for muscle invasive
disease. Factors measuring the immune response to BCG, including purified protein
derivative skin testing and granuloma formation in bladder biopsy specimens, have
been investigated as potential prognostic indicators of response to BCG therapy.16-23

Significant correlations between purified protein derivative skin test or granuloma for-
mation and therapeutic response suggest a link between immunological responsiveness
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and response to therapy. However, neither test alone nor combined seemed to be of
value as a predictor in individual patients.19,23

We investigated the conditions for cytokine measurement in urine from patients given
BCG for superficial bladder cancer regarding the stability in urine, necessity for cen-
trifugation and correction for the volume by standardisation to creatinine. Applying
these well-defined conditions, we further investigated whether a correlation exists
between different BCG induced urinary cytokines (interleukins-1�, 2 and 6, tumour
necrosis factor-� and interferon-�) as a sign of immune responsiveness to BCG and
bladder tumour recurrence. If such an association exists, immune monitoring by uri-
nary cytokine determination, being non-invasive, appears to be an attractive and rela-
tively simple method for prognostic evaluation in many patients.

Methods
Patients and treatment protocol
The study included 23 patients with superficial transitional cell carcinoma of the blad-
der treated for the first time with a course of intravesical BCG instillations weekly for
6 consecutive weeks (Connaught, Oncotice or RIVM strain, approximately 5 to 10 x
108 colony-forming units) given in 50 ml. 0,9% saline after complete transurethral
resection of the papillary tumour(s). Follow-up cystoscopy was performed every 3
months. Of the 23 patients 19 were at intermediate or high risk for recurrence (table
1).24 Median interval between tumour recurrences before BCG therapy was 7 months.

Table 1
Characteristics of 23 patients

No. Pts.

No. men/No. women 20/3
High and intermediate risk groups:24

Ca in situ, grade 3, primary/secondary 2
Stage Ta/T1 Ca associated with grade 3 Ca in situ 2
Stage Ta/T1, grade 3 Ca 7*
Stage Ta/T1 Ca, more than 1 recurrence/yr. 8 #

Low risk group:24

Stage Ta, grade 2 Ca, 1 recurrence or less/yr. 3
Stage T1, grade 2 Ca, primary 1

* Plus 2 grade 3 carcinomas in situ.

# Plus 1 grade 3 carcinoma in situ , 2 stage Ta/T1 tumours associated with grade 3 
carcinoma in situ, and 3 stage Ta/T1, grade 3 tumour.
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Cytokine determination in urine
Urine was collected before BCG instillation, and 2 to 4, 4 to 6, 6 to 8, 8 to 12 and 12
to 24 hours thereafter during the 6 weekly instillations. Samples were immediately fro-
zen to -200 C.Afterwards, the specimens were thawed to a maximum of 40 C, centri-
fuged to remove cells and debris, and stored in aliquots at -200 C until analysis.
Interleukins-1�, 2 and 6, tumour necrosis factor-� and interferon-� in urine were
determined with a commercially available, highly specific and reproducible enzyme-
linked immunosorbent assay using an oligoclonal system as reported previously.9 For
interleukin-2 measurement in the initial 9 patients an immunoradiometric assay was
used. Cytokine data were standardised to urine creatinine, which correlated signifi-
cantly with volume of produced urine (p<0.001) indicating that standardisation to
creatinine is acceptable for correction of hydration. Since to our knowledge no argu-
ments currently exist for different clinical efficacy of the 3 BCG preparations used, and
no differences in cytokine responses were observed among patients treated with the 3
preparations data from all patients were combined.
To investigate stability of cytokines in urine, positive urine samples from 3 patients
were incubated for 0.5, 2, 6, 12 and 24 hours at 40 C, 200 C, and 370 C. Subsequently,
interleukins-1�, 2 and 6, and tumour necrosis factor-� were determined.The stability
of interferon-� in urine was investigated by immediate dialysis after collection (mole-
cular weight cut-off 6 to 8 kDa., 24 hours against phosphate buffered saline, pH 7.4)
of 16 centrifuged (5 minutes at 300 x gravity) urine samples from 10 patients.There-
after, samples were frozen to -200 C until analysis.
The requirement for immediate centrifugation after collection, as a result of which
leukocytes are removed and freezing of leukocytes in the urine is prevented, on inter-
leukins-1�, 2 and 6, and tumour necrosis factor-� determinations was investigated by
generation of 2 matched fractions (of 7 positive samples from 7 patients). Immediately
after collection samples were either not centrifuged or frozen (according to the rou-
tine procedure described previously) or centrifuged (5 minutes at 300 x gravity). From
centrifuged samples the supernatant was frozen as well. Subsequently, cytokines in
these samples were measured as described.

Statistical analysis
The p values for contingency tables were determined with the 2-tailed Fisher’s exact
test. Correlation co-efficients were calculated by the Pearson product-moment
method. Differences in urinary cytokine levels before and after BCG instillations were
analysed using the Wilcoxon 2-sample test for the unpaired case.The paired Student t
test was used for analysis of the effect of immediate centrifugation of urine on cyto-
kine determination.
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Table 2
Control cytokine levels in urine from superficial bladder cancer patients before BCG therapy and patients with
bacterial cystitis.

Before BCG Before BCG Bacterial cystitis
therapy* instillation#

Interleukin-1� (pg./�mol. creatinine) 3.9 ± 4.7 3.7 ± 6.2 4.8 ± 3.8
Interleukin-2 (units/�mol. creatinine) 0.0 ± 0.0 0.0 ± 0.1 0.1 ± 0.1
Interleukin-6 (pg./�mol. creatinine) 8.9 ± 12.9 5.9 ± 12.8 6.7 ± 16.5
Tumour necrosis factor-� (pg./�mol. creatinine) 0.1 ± 0.2 0.2 ± 0.8 0.4 ± 0.9

* Cytokine concentrations in urine samples collected before the first BCG instillation
# Cytokine concentrations in urine samples collected before each of 6 BCG instillations

Results
During the first 24 hours after each of 6 weekly BCG instillations, interleukins-1�, 2
and 6, and tumour necrosis factor-� but not interferon-� were detected in serially col-
lected urine samples from superficial bladder cancer patients.To gain insight into con-
trol cytokine concentrations in urine as determined with the enzyme-linked immu-
nosorbent assay, values in urine samples collected before the first BCG instillation
(pre-therapy) and before all 6 BCG instillations (pre-instillation) from superficial blad-
der cancer patients and patients with bacterial cystitis (Escherichia coli, Klebsiella
pneumoniae, Staphylococcus aureus or Proteus-species) were measured (table 2). Pre-
therapy values were comparable with pre-instillation values, indicating that cytokine
concentrations in urine before BCG instillations do not change during the 6 weeks of
treatment. Since interferon-� could not be detected in routinely handled urine sam-
ples, we investigated whether this finding was due to instability of interferon-� in
urine, as suggested by Prescott et al.7 Indeed, interferon-� could only be detected in
urine samples that had been dialysed immediately after collection, which suggested
that interferon-� is extremely unstable in urine and, thus, not suitable for routine
monitoring to predict response to therapy. On the other hand, for the 16 urine sam-
ples investigated the amount of interferon-� was significantly correlated with all cyto-
kines and the greatest significance (p=0.00008) was noted with interleukin-2 (fig.1).
The stability of interleukins-1�, 2 and 6, and tumour necrosis factor-� in positive
urine samples from 3 patients was investigated.At 40 C and 200 C, interleukins-1�, 2,
and 6 were stable (fig. 2). However, for tumour necrosis factor-� a rapid decrease was
noted, that is after 2 hours at 200 C only 62 ± 28% of the initial concentration was left,
whereas after 24 hours at 40 C and 200 C, 14 ± 20% and 1 ± 1% were left, respectively.
At 370 C all cytokines were unstable in urine, tumour necrosis factor-� being most
unstable and interleukin-1� most stable. For tumour necrosis factor-� an extremely
rapid decrease was observed at 370 C, that is 4 ± 6% of the initial concentration remai-
ned after 30 minutes of incubation. After 2 hours at 370 C 1 ± 1%, 67 ± 36%, 87 ±
21% and 102 ± 12% remained, respectively, for tumour necrosis factor-�, and inter-
leukins-2, 6 and 1�.According to these experiments, tumour necrosis factor-� is not
preferred as a parameter for monitoring.
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Figure 1 Figure 2

Figure 1
Correlation between interferon-((IFN-�)and interleukin-2 (IL-2) urine samples from 10 different patients after
intravesical BCG therapy. Interferon-� was determined in immediately dialysed urine samples. (correlation
coefficient 0.97, p <0.00001). U, units. creat, creatinine.

Figure 2
Stability of cytokines in urine at 40 C (�), 200 C (�) and 370 C (�). Positive urine samples from 3 patients
were incubated 0 to 24 hours at the different temperatures and measured afterwards. Cytokine concentrations
were expressed as percentage of t = 0 (mean plus or minus standard deviation [SD]). *P<0.05. A, 
interleukin-1� (IL-1). B, Interleukin-2 (IL-2). C, interleukin-6 (IL-6). D, Tumour necrosis factor-� (TNF).

At collection leukocytes were present and as a consequence they were frozen within
the urine for storage.6 To gain insight into the effect of the presence of leukocytes in
the urine on cytokine determination, interleukins-1�, 2 and 6, and tumour necrosis
factor-� were measured simultaneously in matched urine fractions (that is the total
non-centrifuged urine sample and the supernatant, fig.3). Immediate removal of
leukocytes by centrifugation of urine did not significantly influence the quantification
of interleukins-2 and 6, since 98 ± 21% and 102 ± 25% of the concentrations in the
total noncentrifuged sample were found in the supernatant (p=0.783 and 0.896,
respectively). For interleukin-1� centrifugation tended to result in lower levels 
(36 ± 55%; p=0.059) compared to the non-centrifuged sample, whereas for tumour
necrosis factor-� centrifugation resulted in higher values (473 ± 607%; p=0.307). In
conclusion, since immediate centrifugation at collection is not required for interleu-
kins-2 and 6, which facilitates sampling, these 2 cytokines are preferred for monitoring.
In the superficial bladder cancer patients with a BCG induced cytokine response the
highest cytokine levels were generally observed after instillation week 5 or 6. During
the first 24 hours after BCG instillation the highest concentrations were most fre-
quently observed at 4 or 6 hours after instillation as described previously.5,9,25 These
observations generally agree with those of others.4,8 Since in the aforementioned con-
trol experiments interleukins-2 and 6 were preferable for monitoring purposes, inter-
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leukin-1� and tumour necrosis factor-� were determined in fewer patients.
Patients were stratified into 2 groups based on having an early (6 months or less) or
late (greater than 6 months) tumour recurrence. For each patient the highest cytokine
value measured during the 6-week BCG treatment course was evaluated. Interleukin-
2 levels in urine from the early group were lower compared to those from the late
group (fig. 4). Approximately the same results were noted using the cytokine values
from either BCG instillation 5 or 6 (data not shown). Figure 4 additionally shows uri-
nary interleukin-2 levels in superficial bladder cancer patients before BCG therapy and
in those with bacterial cystitis.

Figure 3 Figure 4

Figure 3
Effects of centrifugation of urine samples on cytokine determination. Positive urine samples from 7 patients
were immediately centrifuged after collection and divided in matched fractions (that is non-centrifuged and
supernatant). Afterwards cytokine concentrations were measured simultaneously, and expressed as percentage
of non-centrifuged sample fraction (mean plus or minus standard deviation [SD]). Cytokine determination in
centrifuged urine tended to be different for interleukin-1� (IL-1, p=0.059) and tumour necrosis factor-�
(TNF, p=0.307) but not for interleukin-2 (IL-2, p=0.783) and interleukin-6 (IL-6, p=0.896).

Figure 4
Interleukin-2 (IL-2) levels in urine are shown for 23 superficial bladder cancer patients before initial BCG
instillation (pre-BCG), 10 with bacterial cystitis (bact cyst), 10 treated with BCG for superficial bladder cancer
who had recurrence at 6 months or less (“EARLY”) and 13 with recurrence after 6 months (“LATE”). For
each BCG treated patient highest value measured in serial samples during 6-week treatment course is shown.
U, units. cr, creatinine.

To investigate whether a correlation exists between urinary interleukin-2 induction
following BCG therapy and “early” or “late” recurrence results were regarded inter-
leukin-2 positive if the interleukin-2 level in urine exceeded 0.34 units per �mol
creatinine (319 pg./�mol. creatinine for determinations with immunoradiometric
assay).A significant correlation between urinary interleukin-2 and tumour recurrence
was found (p=0.003, table 3). Evaluation of subgroups, such as patients with grade 3
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carcinoma in situ, grade 3 and/or stage T1 tumours, or grades 1 and 2 and/or stage Ta
tumours, showed the same trend as for the total group, although statistical significance
was not achieved due to the limited number of patients (data not shown). If the thres-
hold for recurrence was set at 9 or 12 months instead of 6 months the significance of
the correlation for interleukin-2 was lost (p=0.090 and 0.089, respectively; data not
shown). For interleukins-1� and 6, and tumour necrosis factor-� comparable results
were obtained with less correlation for “early” (month 6) tumour recurrence (inter-
leukin-6 p=0.040 in 23 patients; interleukin-1� p=0.524 in 10 patients and tumour
necrosis factor-� p=0.025 in 18 patients, data not shown).At all statistical evaluations
performed the interval between recurrences before BCG therapy for the cytokine
positive and negative groups were comparable, which was a prerequisite for testing.

Table 3
Prognostic value of interleukin-2 in urine of patients treated with an initial course of BCG instillations

Interleukin-2 No. Pts. With “Early” No. Pts. With “Late” Total
Recurrence Recurrence No.

(6 mos. or less) (more than 6 mos.) Pts.

Pos. 2 11 13
Neg. 8 2 10

Total No. pts. 10 13 23

p=0.003, 2-tailed Fisher’s exact test.

Discussion
During intravesical BCG therapy different parameters of immune response can be
monitored. Several investigators reported that either the presence of granulomas in the
bladder wall or conversion of the purified protein derivative skin test was associated
with clinical response.16-23 However, the predictive index of therapeutic response of the
2 tests appeared to be low for the individual patient. Detection of granulomas using
biopsies is highly affected by sampling error, while the purified protein derivative skin
test measures systemic response and may lack immunological specificity.23,26 Urinary
cytokine induction is an additional aspect of the BCG induced immunological cas-
cade. However, measurement of these cytokines may be more relevant, since it reflects
the local immunological reaction in the entire bladder, and a combination of BCG
induced cytokines may possibly generate killer cells.10 In our study we showed that,
since interferon-� could only be detected in immediately dialysed urine, tumour
necrosis factor-� was unstable at 40 C and 200 C, and interleukin-1� and tumour
necrosis factor-� determinations were influenced by the presence of cellular material
in the urine at collection, interleukins-2 and 6 are the cytokines of choice for routine
monitoring during intravesical BCG instillations. Applying these well-defined con-
ditions, a significant correlation between urinary interleukin-2 and early tumour
recurrence was found. However, monitoring interleukin-2 in a larger patient group
could provide greater insight into the sensitivity and specificity of interleukin-2 at
different cut-off levels.

56

C H A P T E R  6



Intravesical BCG induces the elevation of an array of cytokines.4-9 Interleukin-2 pro-
duction is restricted to T lymphocytes and, as a consequence, interleukin-2 induction
can be considered a sign of immune responsiveness to intravesical BCG. Rattliff et al
and Haaff et al first reported the detection of interleukin-2 in urine but not serum
after BCG instillation.8,27 Using a bioassay for the detection of interleukin-2, their data
suggested that patients with a response to BCG produced a higher level of 
interleukin-2 compared to those with no response but statistical significance was not
achieved. Using a bioassay also, Fleischmann et al found a statistically significant pre-
dictive value for the presence of interleukin-2 and/or interleukin-2 inhibitor in
urine.28 In our study an oligoclonal enzyme-linked immunosorbent assay system was
used for interleukin-2 assessment, which is less affected by interfering components in
the urine. Interleukin-2 values were standardised to creatinine, which was shown in
our study to be an acceptable correction for hydration. Moreover, only patients treated
with BCG for the first time were evaluated, whereas most of them had a high fre-
quency of tumour recurrence.A statistically significant correlation was found between
urinary interleukin-2 levels and tumour recurrence within 6 months after initiation of
BCG therapy (p=0.003).
Evaluation of this correlation with tumour recurrence for up to 9 or 12 months
showed a decrease in p values (0.090 and 0.089, respectively), which seems to indicate
that cytokine induction (that is immune response to BCG) is only predictive for the
short-term clinical response.Torrence et al reported that with extended follow-up the
level of statistical significance for the purified protein derivative skin test and granulo-
matous inflammation with response to BCG therapy decreased.23 These observations
indicate that the effect of a single 6-week induction course of BCG instillations is
limited with time.To date this finding corresponds with clinical experience that addi-
tional BCG instillations are required for long-term efficacy.29,30

Conclusions
We report an early prognostic method to assess the immune response within the 
6-week induction course assumed to be required for the BCG associated antitumour
activity. In addition, measurement of urinary cytokines during maintenance BCG
treatment schedules provides a non-invasive means of gaining more insight into the
immunological effects of BCG therapy. In this manner urinary cytokine monitoring
may lead to a more rational basis for adaptation of the originally arbitrary BCG treat-
ment schedule.
Our study provides evidence for a correlation between urinary cytokine induction
and clinical response following intravesical BCG therapy for superficial transitional cell
bladder carcinoma. Especially monitoring of interleukin-2 may potentially be of prog-
nostic value provided that strict precautions regarding urine collection, such as maxi-
mal 2-hour sampling and immediate cooling, are taken.
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Chapter 7
Increased urinary albumin indicating urothelial
leakage following intravesical bacillus Calmette-
Guérin therapy for superficial bladder cancer

Published in:
Boer, E.C. de, Reijke, T.M. de, Schamhart, D.H.J., Vos, P.C.N., and Kurth, K.H.: Increased urinary albumin indicating
urothelial leakage following intravesical bacillus Calmette-Guérin therapy for superficial bladder cancer. Urol.
Res., 21: 423-427, 1993.

Summary
This study on the increase in albumin in the urine of patients with superficial bladder
cancer after intravesical bacillus Calmette-Guérin (BCG) treatment was initiated on
the basis of two facts. First, extravasation of serum albumin could be expected as a
result of the BCG-induced delayed-type hypersensitivity reaction in the bladder wall.
Second, appearance of albumin in the urine was a possibility as cytokines also appear
in the urine, although probably after being produced suburothelially by infiltrating
leukocytes. Albumin and the cytokines interleukins-(IL)1�, IL-2, IL-6, and tumour
necrosis factor-alpha (TNF�) were determined in urine from 20 patients treated with
6 weekly intravesical BCG instillations, collected prior to each instillation and 2, 4, 6,
8, 12 and 24 h thereafter.The mean concentration of albumin in pre-therapy speci-
mens was 112 ± 118 (range 2-432) �g albumin/ml urine, approximating 14 ± 14
�g/�mol creatinine (creat)(n=15), which was comparable to the mean pre-instillation
value of 16 ± 32 �g/�mol creat (n=96). A significant increase in urinary albumin
during the 6 weeks of BCG treatment was observed (P<0.001). However, a large
variation existed between individual patients and in some patients no reaction was
seen. Maximum albumin concentrations were observed after instillations 3-6.A signi-
ficant correlation between albumin and concentration of the cytokines IL-1�, IL-2,
IL-6 and TNF� was found (P<0.01), correlation coefficients (r) being 0.56, 0.56, 0.67
and 0.71 (n=418), respectively. During the first 24 h after instillation cytokines and
albumin peaked in the following order:TNF� � IL-2 � albumin � IL-6 � IL-1�.
TNF peaked most frequently after 2-4 h and IL-1� after 6 h, while IL-2, albumin and
IL-6 peaked between these time points. In conclusion, the presence of albumin in
urine indicates a “leakiness” of the bladder wall after repeated BCG instillations. Since
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albumin was shown to be stable in urine and the assay is relatively simple and cheap, it
may be performed in most hospitals.This will allow large-scale investigations of the
correlation between elevation of urinary albumin and (tumour) response on BCG
therapy.

Introduction
Intravesical treatment with bacillus Calmette-Guérin (BCG) is an effective treatment
in patients with carcinoma in situ (Tis) and papillary (Ta/T1) superficial bladder can-
cer; however, a subpopulation of patients remains with tumours refractory to BCG
therapy.1,2 This demonstrates the need for accurate prognostic indicators with sufficient
specificity to identify non-responders early, so that alternative therapeutic regimens
can be initiated before development of muscle-invasive or metastatic disease.
Although the actual mechanism of the BCG-associated anti-tumour activity is not
known, most of the available evidence indicates an immune-mediated mechanism.3

Therefore, factors measuring the immune response to BCG, including purified protein
derivative (PPD) skin testing and granuloma formation in bladder biopsy specimens,
have been investigated as potential prognostic indicators of a response to BCG therapy.
However, the data appear to be conflicting.4-10 In a recent report Torrence et al showed
that with extended follow-up the level of statistical significance of the correlation
between PPD skin reactivity or presence of granulomas with tumour-free status may
become borderline or be lost and that these parameters should not be considered use-
ful as prognostic indicators in individual patients.11 Evaluation of urinary cytokines
(also indicating an immunological response to intravesical BCG) may be advantageous
over the PPD skin reaction, since they reflect the local immunological reaction. More-
over, cytokines reflect the response of the entire bladder, while demonstration of gra-
nulomatous cellular infiltration by bladder biopsy specimens may fail due to focal dis-
tribution.12,13 The induction of urinary IL-2 and TNF� in the urine has been suggested
to be of prognostic significance.14

In the case of a delayed-type hypersensitivity (DTH) reaction an increased content of
serum albumin in the extravascular tissue appears which originated from the circula-
tion and probably gained access to the extravascular spaces via gaps between endothe-
lial cells. In mice this event has been suggested to be necessary for the initiation of
DTH-like reactions.15,16 Local vascular permeability is thought to facilitate leukocyte
entry into the extravascular tissue.The repeated intravesical administration of BCG in
the bladder may be considered as an immunological antigen challenge to the sensitised
patient resulting in a DTH-like reaction in the bladder wall.The reaction of antigen-
specific T lymphocytes has been illustrated by the induction of IL-2 and activation
markers on T cells.17-19 Consequently, the appearance of albumin in the extravascular
tissue within the bladder wall after BCG instillation was expected. Since after repeated
instillations cytokines appear in the urine - although they are probably produced with-
in the bladder mucosa by the infiltrating leukocytes - we initiated investigations into
the presence of albumin in the urine after intravesical instillations of BCG.14, 19-23 The
kinetics of albumin appearance in relation to cytokines in the urine was studied in
order to gain insight into the process of local cytokine production and the apparent
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“leakage” into the urine after intravesical BCG instillation. Furthermore, the stability
of urinary albumin was tested and the correlation between urinary albumin and uri-
nary cytokines was evaluated. Since albumin determination in urine is a routine assay
in most hospitals, this may allow large-scale investigations into the predictive value of
this parameter.

Material and Methods
Patients and treatment
Urine was obtained from 20 patients with primary (except solitary TaG1) or recurrent
superficial bladder carcinoma [3 TaG1, 7 TaG2, 2 TaG3, 1 T1G2, 4 T1G3 (2 associated
with TisG3), 3 TisG3 only] treated with 6 weekly intravesical BCG instillations in 50
ml 0.9% saline after complete transurethral resection of papillary tumour(s).

Detection of albumin and cytokines in urine
Urine was basically collected according to the following scheme: prior to BCG instil-
lation and 2, 4, 6, 8, 12 and 24 h thereafter, during 6 weekly instillations. The total
number of samples obtained for the respective time points were 96, 38, 104, 71, 31, 35
and 43. Urine was immediately frozen to -200 C. It was then thawed and centrifuged
at 40 C and stored in aliquots at -200 C until analysis.
To measure albumin in urine specimens a nephelometric microalbumin assay was per-
formed using N-antiserum from rabbit to human albumin (Behringwerke, Marburg,
Germany) and a Behring nephelometer 100.With N-protein (Behringwerke) as albu-
min standard, the albumin concentration in urine specimens was determined by
measuring each specimen in two different dilutions, which provided an albumin con-
centration within the measurable range. Using this method the albumin level in urine
from normal individuals was found to be 2-40 mg/l per 24 h, which is in accordance
with levels reported by others.24 

The cytokines IL-1�, IL-2, IL-6, and TNF� in urine were determined as reported
previously with commercially available, highly specific and reproducible ELISA’s using
an oligoclonal system (Medgenix, Fleurus, Belgium).14 Using this method pre-instil-
lation values of 3.7 ± 6.2 pg/�mol creatinine (creat) IL-1, 0.0 ± 0.1 U/�mol creat 
IL-2, 5.9 ± 12.8 pg/�mol creat IL-6 and 0.2 ± 0.8 pg/�mol creat TNF (n=134) were
established.Albumin and cytokine data were standardised to urine creatinine.

Statistical analysis
Correlation coefficients were calculated by the Pearson product-moment correlation
method. Differences in urinary albumin levels prior to and after BCG instillations
were analysed using the Wilcoxon two-sample test for the unpaired case.
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Results 
The mean concentration of albumin in pre-therapy specimens was 112 ± 118
(range 2 - 432) �g albumin/ml urine, approximating 14 ± 14 �g/�mol creat (n=15),
which was comparable to the mean pre-instillation value of 16 ± 32 �g/�mol creat
(n=96). The kinetics of albumin increase during the 6 weeks of BCG treatment is
shown in Fig. 1. Generally, an increase during the 6 weeks was observed as represented
by the median values in Fig. 1. However, a large variation existed between individual
patients and in some patients no reaction was seen. Depending on the patient, maxi-
mum concentrations were observed after instillations 3-6, which generally correspond
with kinetics of urinary cytokines.14,19,20,22,23 

Figure 1

Urinary albumin concentrations in individual patients during a 6-week course of BCG treatment, showing a
significant increase after weeks 2 (P<0.05, n=17), 3 (P<0.01, n=18) and 4, 5 and 6 (P<0.001, n=19), compared
with values prior to therapy (0; n=15). Measurements were performed in serially collected urine specimens 
(2, 4, 6, 8, 12 and 24 h) after BCG instillations. The highest concentration measured after each weekly (1-6)
BCG instillation is shown for each patient. Horizontal lines, median.

In the urine of patients with clearly elevated albumin levels at least three of the 
urinary cytokines IL-1�, IL-2, IL-6 or TNF� were also elevated, while in the urine of
patients not showing an albumin increase cytokine levels were low or absent, sugge-
sting a correlation. Indeed a significant correlation between urinary albumin concen-
tration and concentration of urinary cytokines IL-1�, IL-2, IL-6 and TNF� was found
(P<0.01): correlation coefficients (r) were 0.56, 0.56, 0.67 and 0.71 (n=418), res-
pectively (Fig. 2).

64

C H A P T E R  7

Albumin (ug/µmol creat)
1000

750

500

250

0
0

Week of BCG Instillation

1 2 3 4 5 6



Figure 2

Correlation between urinary albumin and cytokines after intravesical BCG instillations. Albumin and cytokine 
(IL-1�, IL-2, IL-6, TNF�) concentrations, determined in serially collected urine specimens (prior to and 2, 4, 6, 8,
12 and 24 h) after 6 weekly BCG instillations, were significantly correlated (P<0.01, n=418). Values of the
correlation coefficient r are shown in corresponding parts of the figure. Some of the data are not depicted since
the samples were negative for either albumin or cytokines. Albumin is expressed as �g/�mol creatinine
(creat); IL-1�, IL-6 and TNF� as pg/�mol creat; IL-2 as U/�mol creat.

As shown in Fig. 1, elevation of urinary albumin occurred after repeated BCG instil-
lations. Figure 3 shows that during the first 24 h after instillation the highest albumin
levels are generally found in specimens collected 4 h after start of the BCG instillation.
After 24 h the albumin concentration was still significantly increased.

Figure 3

Urinary albumin concentrations in individual patients during the first 24 h after BCG instillation 6, showing a
significant increase after 2 h (P<0.001, n=8), 4 h (P<0.001, n=17), 6 h (P<0.01, n=10), 8 h (P<0.01, n=7) and
24 h (P<0.001, n=8), compared with values prior to the sixth instillation (0, n=16). Horizontal lines, median
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For urine samples obtained after instillations 5 or 6 that were positive for albumin as
well as for IL-1�, IL-2, IL-6 and TNF� the time of occurrence of peak levels during
the first 24 h after the start of BCG instillation was determined. Cytokines and albu-
min peaked in the following order: TNF� � IL-2 � albumin � IL-6 � IL-1�.
TNF� peaked most frequently after 2-4 h and IL-1� after 6 h, while IL-2, albumin
and IL-6 most frequently peaked between these time points (Fig. 4).
In contrast to cytokines in the urine (data not shown), albumin was stable in the urine
during 24 h of incubation at 4, 20 and 370 C (Table 1).

Figure 4

Time of occurrence of cytokine and albumin peak levels in urine after repeated BCG instillations. For 10 patients
(selected for showing a clear increase in urinary albumin as well as all cytokines and for availability of samples
for most time points of collection during the first 8 h after BCG instillations 5 and 6), the time of occurrence of
the cytokine/albumin peak was determined. The number of peaks per time point was expressed as a
percentage of the total number of samples evaluated at that time point. It is seen that cytokines and albumin
peaked in the order TNF� � IL-2 � albumin �IL-6 � IL-1�. TNF� peaked most frequently after 2-4 h and
IL-1 after 6 h, while IL-2, albumin and IL-6 most frequently peaked between these time points.

Table 1
Stability of albumin in urine

Time (h) Temperature (0C)

4 20 37

0.5 102 n.d. 100
2 102 98 102
6 101 99 102
12 101 100 99
24 97 100 98

Mean albumin concentration of four albumin-positive urine samples after incubation at 4, 20 or 370 C during
0.5, 2, 6, 12 or 24 h. Data are expressed as a percentage of the pre-incubation value. n.d., not determined.
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Discussion
In this study data are presented for the first time on the elevation of albumin levels in
urine from bladder cancer patients, indicating urothelial leakage as a result of intrave-
sical BCG treatment.The kidney serves to conserve albumin and other high molecular
weight proteins within the plasma and the normal concentration of serum albumin in
urine is therefore low, i.e. 30 �g/ml.24 The mean pre-therapy value of 112 ± 118
(range 2-432) �g/ml (n=15) we found in the patients may be dependent on the
extent of the tumour and/or transurethral resection, although no clear association
could be detected.
Prior to its appearance in the urine, extravasation of albumin into the extravascular
tissue of the bladder mucosa was presumed to occur as a result of the DTH-like reac-
tion caused by repeated BCG administration.15,16 Although in this case probably res-
tricted to the bladder, the phenomenon may essentially be comparable to the capillary
leak syndrome associated with endotoxemia or recombinant IL-2 cancer therapy.25-27

The pathophysiologic mechanisms may include histamine-associated effects, prosta-
glandin-mediated changes, direct cytokine effects on the endothelium, and cell-media-
ted effects on endothelial cells, either through direct lysis or via mechanisms mediated
by oxygen free radicals.27 In this study TNF� was the first cytokine to appear in the
urine during the 24 h after BCG instillation (Fig. 4), suggesting an inducing role of
TNF� in capillary leakage resulting in extravasation of albumin, and in urothelial
leakage resulting in the appearance of cytokines and albumin in the urine.This is in
agreement with the key role of TNF� in endotoxemia-associated capillary leak syn-
drome.25,28 Moreover, Engelhardt et al also found TNF production to precede the re-
lease of other cytokines in cancer patients after intravenous administration of en-
dotoxin.29 TNF has been reported to affect epithelial tight junctions resulting in an
increase in transepithelial permeability; hence in this system TNF might possibly
increase urothelial permeability, explaining why cytokines are detectable in the urine
although probably produced within the bladder mucosa by the infiltrating leuko-
cytes.22,30 In this way cells throughout the bladder mucosa may come into contact with
cytokines.The importance of this phenomenon for the mode of action and efficacy of
BCG therapy is not clear.
The BCG treatment schedule is mainly empirical. An early identifiable factor for
ascertaining whether an immune response is initiated by the initial 6 weekly instil-
lations most commonly used in clinical practice is thus urgently needed.The PPD skin
reaction and granuloma formation in the bladder wall have been of little value to
date.11 Large-scale investigations on the predictive significance of urinary cytokines (de
Boer et al, unpublished data) have been hampered due to restrictions on urine col-
lection related to the instability of cytokines in urine, the diversity in cytokine assays
and their cost, and the transient occurrence of urinary cytokines. Since urinary albu-
min is stable in urine (Table 1) and the assay can be routinely performed in most hos-
pitals, the predictive potency of this marker could be investigated in large groups of
patients.This study suggests albumin measurement in urine collected from 2 to 6 h
after the start of BCG instillation (Fig. 4).Additionally it could be investigated whether
there is any value in giving patients who do not show albumin elevation after 6 weeks
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an adjusted treatment (i.e. prolonged schedule) immediately, in order to obtain an
immunological reaction and subsequent anti-tumour response. Although the corre-
lation between the elevation of urinary albumin and clinical response remains to be in-
vestigated, the data on this small group of patients may possibly suggest an association:
of the 9 patients with albumin levels above the median after week 6, 2 (22%) had early
recurrence of disease (≤ 6 months) and 7 (78%) did not, while of the 9 patients with
albumin below the median 4 (44%) had early recurrence and 5 (56%) did not.
Although the BCG therapy may be optimised by monitoring albumin in the urine as
suggested above, a sub-population of clinically non-responding patients may remain
despite showing an immune response to intravesical BCG.This may partly be the re-
sult of intrinsic factors of the tumour. In order to discriminate these patients the anti-
tumour reaction itself needs to be measured. For this, elucidation of the anti-tumour
mechanism of intravesical BCG therapy in superficial bladder cancer is required.
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Role of interleukin-8 in onset of the immune
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Abstract
In intravesical therapy for superficial bladder carcinoma urothelial cells may, through
the production of cytokines, contribute to the bacillus Calmette-Guérin (BCG)-indu-
ced local immunological reaction and associated anti-tumour efficacy.The aim of this
study was to investigate such a role for the neutrophil-attracting cytokine 
interleukin-8 (IL-8).The appearance of IL-8 in patients’ urine after BCG therapy was
compared with BCG induced IL-6 and IL-2 and the stability of IL-8 in urine was tes-
ted. Compared to IL-6 and IL-2, a rapid induction of IL-8 was observed, occurring
after the first BCG instillation. Urinary IL-8 was highly stable, even after 24 h incu-
bation at 370 C.The IL-8 concentration after the first instillation seemed to be asso-
ciated with subsequent development of an immune response. Consequently, IL-8
seems an attractive candidate for investigation of its prognostic value for a clinical
response to BCG therapy.

Introduction
Stimulation of the immune system by bacillus Calmette-Guérin (BCG) seems to be a
requirement for anti-tumour efficacy in topical BCG immunotherapy of superficial
bladder carcinoma.1-3 Urothelial cells might be actively involved in the BCG-induced
local immunological reaction. As suggested previously, a mechanism by which this
could be achieved is the secretion of cytokines such as interleukin-6 (IL-6) by uro-
thelial cells in response to BCG exposure.4 Secretion of IL-6 by urinary tract epithelial
cell lines has also been reported after stimulation with Escherichia coli.5 Moreover, the
cytokine IL-8, produced by urothelial cells, was induced in E. coli urinary tract infec-
tion.6 IL-8 (NAP-1) belongs to the CXC family of chemokines and acts as a powerful
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chemoattractant for neutrophils.7 Since a rapid influx of neutrophils after BCG instil-
lation is observed in the urine of bladder cancer patients, we considered that IL-8, pro-
duced by urothelial cells in response to BCG exposure, could be responsible for the
attraction of these neutrophils.8

Locally attracted and activated neutrophils can produce cytokines and proteolytic
enzymes, which could possibly result in facilitated bladder wall infiltration by leuko-
cytes and/or BCG and enhancement of the immune response.9,10 In this manner IL-8
production by urothelial cells might be important for the subsequent development of
an immune response against BCG and associated clinical efficacy.
The aim of this study was to investigate whether IL-8 is an early-induced urinary
cytokine involved in the onset of the BCG-induced immune response. The appea-
rance of IL-8 in patients’ urine after BCG therapy was compared with that of the
cytokines IL-6 and IL-2. In addition, the stability of IL-8 in urine was tested to deter-
mine whether the properties of this cytokine in urine make it attractive for further
investigation, e.g. its value as a predictor of BCG responsiveness.

Materials and Methods
Urine collection and cytokine measurement
Nineteen cases (i.e. BCG instillation courses) were studied in 16 patients treated with
BCG for superficial transitional cell carcinoma of the bladder. Of these, 14 patients
were treated with a first course of BCG. A BCG instillation course consisted of six
consecutive weekly intravesical BCG instillations (Connaught, Oncotice or RIVM
strain: approximately 5-10 x 108 colony forming units) in 50 ml 0,9% saline after com-
plete transurethral resection of papillary tumour(s). For all patients urine was collected
prior to, 2-4 h and 4-6 h after BCG instillation: for six of these patients 8-12 h and 
12-24 h samples were also collected. Samples were immediately frozen to -200 C.
Specimens were then thawed to a maximum of 40 C, centrifuged to remove cells and
debris and stored in aliquots at -200 C until analysis. Since we were primarily inte-
rested in the involvement of IL-8 during the initial part of the BCG treatment course,
the presence of IL-8 was investigated in urine samples collected during the first 3
weekly BCG instillations. IL-8 was measured in 4 times diluted urine samples using a
commercially available IL-8 enzyme-linked immunosorbent assay (ELISA) [Central
Laboratory of the Red Cross Blood Transfusion Services (CLB). Amsterdam. The
Netherlands]. Cytokines IL-6 and IL-2 in urine were determined as reported pre-
viously with commercially available ELISA’s (Medgenix, Fleurus, Belgium).1 Patients
with a positive immune response to BCG were defined as having positive urinary 
IL-2 and IL-6 levels, i.e. >0.34 U IL-2/�mol creatinine and >50.1 pg IL-6/�mol
creatinine, respectively.1 Cytokine data were standardised to urine creatinine.
In order to investigate the stability of IL-8 in urine, urine samples from three patients
with 2015, 2357, and 34011 pg/ml IL-8 were incubated for 2, 4, 8 and 24 h at 4, 20,
and 370 C.The amount of IL-8 left after incubation was expressed as a percentage of
the concentration at t = 0 h.
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Statistical analysis
Differences in urinary IL-8 levels prior to and after the first BCG instillation were
analysed using the Wilcoxon matched-pairs signed ranks test. For other data analyses
the Wilcoxon rank sum W-test was used (SPSS software).

Results
In serially collected urine samples from superficial bladder cancer patients, significantly
elevated concentrations of IL-8 were found after intravesical BCG treatment. The
levels of IL-8 clearly increased (P=0.0007) after the first BCG instillation compared to
the level prior to the first BCG instillation (Fig. 1). In 2 of the 19 cases studied no
increase in IL-8 was found.Approximately a 12 times increase in IL-8 (median value;
range 1-844) was observed after the first instillation. Urinary IL-8 concentrations after
the first instillation were also higher (P=0.021) compared to IL-8 levels in urine from
patients with bacterial cystitis, whereas there was no significant difference (P=0.092)
between the latter and levels in urine collected prior to the first instillation (Fig. 1).
IL-8 levels further increased after BCG instillation at weeks 2 and 3 (see below), resul-
ting in a larger difference with samples collected after bacterial cystitis (P=0.009, and
P=0.02, respectively).

Figure 1 Figure 2

Figure 1
Levels of IL-8 in the urine from patients with bladder cancer collected prior to and after their first BCG instil-
lation (n=19) and from patients with bacterial cystitis (n=11). Urine samples after the first BCG instillation were
collected serially; the value of the urine sample with the highest IL-8 concentration is depicted. IL-8 concentra-
tions after the first BCG instillation were significantly higher than prior to the instillation (P=0.0007). IL-8 levels
in urine from bacterial cystitis patients were significantly lower than after the first BCG instillation (P=0.021)
and not different from prior to the first BCG instillation (P=0.092). Horizontal lines indicate median values.

Figure 2
Appearance of IL-8 in the urine during the first 24 h after BCG instillation. Urine was serially collected during
the first 24 h after BCG instillation weeks 1, 2 and 3. The median IL-8 level of six patients is shown.
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Investigation of the kinetics of IL-8 appearance in the urine during the first 24 h after
BCG instillations 1, 2 and 3 revealed that the highest IL-8 concentrations were present
at 4 h and 6 h after instillation (Fig. 2). Next the appearance of IL-8 during the first
three BCG instillation weeks was studied and compared to IL-6 and IL-2.This was
evaluated only for patients treated with a first course of BCG instillations since we
previously observed an accelerated appearance of IL-2 during a second or third BCG
course (De Reijke et al, manuscript in preparation).The concentration of urinary IL-8
appeared to be clearly elevated after the first BCG instillation, followed by a further
increase after instillation weeks 2 and 3 (Fig. 3). IL-8 was the first appearing cytokine
during the initial 3 weeks of BCG treatment in comparison with IL-6 and IL-2 in the
same patient group.

Figure 3

Appearance of IL-8 during the first three BCG instillation weeks compared to IL-6 and IL-2. Urine was serially
collected during the first 24 h after BCG instillation weeks 1, 2 and 3 (first course only). IL-2- and IL-6-negative
patients were excluded. For each patient the value of the urine sample with the highest IL-8 concentration
after each instillation week was evaluated. Median IL-8, IL-6 and IL-2 levels of 11 patients are shown.

BCG-induced cytokines such as IFN-�,TNF-�, IL-2, IL-6 and IL-1� were previous-
ly found to be more or less unstable in the urine.1 For urinary IL-8 it has been repor-
ted that this cytokine was stable at 4 and 200 C.11 For three IL-8-positive urine samples
(t=4 h or t=6 h) we investigated the stability of IL-8 by incubating at 4, 20 and 370 C
up to 24 h. The results presented in Fig. 4 show that IL-8 was stable in urine even
during prolonged (24 h) incubation.
The stability in urine made IL-8 an interesting candidate as a predictor of BCG
responsiveness, especially since it is detectable very early during the BCG treatment
courses.Therefore we investigated whether there was a relationship between early pro-
duction of IL-8 and subsequent development of an immune response to BCG. Since
during an immune response a number of cytokines are produced, the characteristic of
having developed an immune response was defined as being positive for urinary IL-2
and IL-6, as described previously.1 Figure 5 shows that high IL-8 levels after the first
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BCG instillation were associated with subsequent development of a BCG-induced
immune response (P=0.039). Moreover, IL-8 concentrations after the first instillation
were significantly correlated with IL-2 concentrations achieved subsequently during
the 6-week course (P=0.0001, R=0.767; data not shown).

Figure 4 Figure 5

Figure 4
Stability of IL-8 in urine at different temperatures. Three IL-8-positive urine samples  (t = 4 h or t = 6 h) from
different patients were incubated for 0 h, 2 h, 4 h, 8 h and 24 h at 4, 20 and 370 C, after which IL-8
concentrations were determined.

Figure 5
Box-whisker plots of IL-8 levels after the first BCG instillation in patients with or without immune response.
Patients in the group with an immune response (n=14) were defined as becoming positive for IL-2 and IL-6 in
the urine during the BCG therapy course while the other group (n=5) did not. For individual patients in both
groups of serial urine samples, the sample with the highest IL-8 concentration was evaluated. The box-whisker
plot as used here displays the median and two measures of spread, namely the range and interquartile range.
One outlying value is designated with a circle. IL-8 concentrations in patients with an immune response were
significantly higher than in patients without an immune response (P=0.039).

Discussion
This study showed that IL-8 is a cytokine induced by intravesical BCG application
that appears very early during a BCG instillation course compared to IL-6 and IL-2.
Urinary IL-8 was highly stable and seemed to be associated with development of an
immune response. These characteristics make IL-8 a candidate prognostic factor for
clinical response to BCG therapy. Significantly elevated levels of IL-8 were observed
after the first BCG instillation, and IL-8 peaked in samples collected at 2-4 h and at 4-
6 h.The rapidity of this IL-8 response indicated that a local cell type such as the uro-
thelial cell might be responsible for the secretion of IL-8 after exposure to BCG.This
assumption is supported by our observation that IL-8 production by the T24 bladder
cancer cell line can be significantly upregulated by incubation with BCG.12 Further-
more, urothelial cells have been reported to be a major source of IL-8 after deliberate
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urinary tract colonisation with E.coli.6 However, besides urothelial cells 
IL-8 can be produced by a wide variety of other cells including monocytes, lympho-
cytes, endothelial cells, neutrophils and pulmonary epithelial cells.7 Our data do not
exclude production of IL-8 by cell types other than urothelial cells.
Although it could have been expected that the urine samples obtained from patients
with urinary tract infections contained higher IL-8 levels than samples collected prior
to BCG treatment, since patients should be free of urinary tract infection on initiation
of BCG therapy, these groups were not significantly different (Fig. 1).The explanation
is probably that IL-8 was present in the urine from the bladder cancer patients as a
result of previous transurethral tumour resection, as reported by Bettex-Galland and
coworkers.13 Nevertheless, after instillation with BCG a further increase in IL-8 was
observed up to a level that was also significantly higher compared to the level in
urinary tract infection.
The induction of high IL-8 titres in urine after BCG instillations has been reported
previously.13 However, it was not known whether the IL-8 secretion is involved in the
process of intravesical tumour control after BCG instillation, or should be considered
solely as a phenomenon associated with inflammation not participating in eradication
of cancer cells. Our present data suggest that early IL-8 induction is important for sub-
sequent development of an immune response and thus may be, indirectly, involved in
the anti-tumour efficacy of BCG therapy. Possibly IL-8 acts by attracting neutrophils
to the bladder, after which these activated cells facilitate BCG invasion and/or leuko-
cyte infiltration by proteolytic enzyme production.10 In addition, apart from the tradi-
tional involvement in inflammatory response, these neutrophils could significantly in-
fluence the immune and anti-tumour response by the release of cytokines.9 Besides
the possible “BCG-induced” permeability, increased permeability of tumours them-
selves could be of importance too.14

In conclusion, as cytokine producers urothelial cells may play a more active role in the
bladder immune system than was previously recognised. As a consequence the first
interaction between BCG and urothelial cells would be an important initialising step
in the mode of action of intravesical BCG therapy.The fact that IL-8 is detectable very
early during the 6-week induction course of BCG instillations and its stability in urine
makes it an attractive candidate for prognostic purposes. However, the predictive value
of urinary IL-8 for tumour recurrence remains to be established.
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Chapter 9
Urinary IL-2 monitoring during prolonged BCG
treatment: Can it predict the optimal number
of instillations?

Published in:
De Reijke, Theo M., de Boer, Elizabeth C., Kurth, Karl Heinz and Schamhart, Denis H.J.: Urinary IL-2 monitoring
during prolonged BCG treatment: Can it predict the optimal number of instillations? J. Urol. 161: 67-71, 1999.

Abstract
Purpose: In patients with superficial bladder cancer treated with a first 6-week instil-
lation course of bacillus Calmette-Guérin (BCG) the induction pattern of urinary
interleukin (IL)-2 has been described, and the levels of urinary IL-2 were associated
with the clinical response to BCG treatment. We evaluated urinary IL-2 kinetics in
patients with recurrent superficial bladder tumour receiving a second or third 6-week
BCG instillation course.To our knowledge there have been no studies of prolonged
BCG treatment and urinary cytokine responses.
Materials and Methods: Urinary IL-2 was determined in 12 patients with superficial
transitional cell carcinoma of the bladder receiving a complete (6-week) second or
third BCG instillation course and 3 patients receiving 3 BCG instillations during a
maintenance schedule at month 3. Urinary IL-2 was determined with an enzyme-
linked immunosorbent assay using an oligoclonal system.
Results: Of 12 patients 10 had a urinary IL-2 positive response during the subsequent
BCG course and at week 1 urinary IL-2 was already increased. Comparing the urinary
IL-2 kinetics observed during a second or third with a first course, urinary IL-2
tended to be higher during the first and lower during the last weeks. If the interval
between subsequent courses was short (12 months or less) significantly higher urinary
IL-2 levels at weeks 1 and 2, and a lower level at week 6 were observed.
Conclusions: During a repeat BCG instillation course urinary IL-2 reached a maxi-
mum at an earlier week, especially if the interval between the subsequent courses was
short. Since an association between urinary IL-2 levels and response to BCG treat-
ment during an induction course has been observed, these immunological data argue
in favour of a limited number of instillations during prolonged BCG therapy which
could reduce side effects as well as costs.
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Introduction
Immunotherapy using intravesical bacillus Calmette-Guérin (BCG) or chemotherapy
instillation has been generally accepted as the treatment of and prophylaxis for super-
ficial (Ta,T1,Tis) transitional cell carcinoma of the bladder. Although the immuno-
therapeutic approach has been proved to be clinically effective, various theoretical and
practical questions remain to be solved, such as the exact mode of action, influence of
tumour characteristics on clinical outcome and which instillation scheme should be
applied. Clinically, prognostic factor analyses of many randomised studies revealed that
patients with superficial bladder tumour could be categorised into 3 prognostic groups
of low, intermediate and high risk of recurrence/progression.1 Whereas some authors
did not observe an advantage of adjuvant intravesical BCG therapy for superficial blad-
der tumours over adjuvant intravesical chemotherapy, the former appeared to be
superior when applied as a 6-week instillation scheme, especially in patients at high
risk for tumour recurrence.2-8 For daily clinical practice a prognostic tool predicting
the response to intravesical immunotherapy would be of value because this therapy is
usually given to patients at high risk. Skin test reactivity and the formation of bladder
wall granulomas have been studied.9 Fleischmann et al showed that levels of urinary
interleukin (IL)-2 and an inhibitor of urinary IL-2 determined at week 6 during BCG
instillations predicted clinical response.10 Recently 2 other groups demonstrated that
the production of urinary IL-2 was of prognostic value for time to tumour re-
currence.11,12 Although the prognostic value of urinary cytokine measurement for rou-
tine clinical urological practice is still investigational, these measurements give insight
into the BCG induced immunological processes in the bladder which may be impor-
tant for the anti-tumour efficacy. Because to our knowledge there have been no stu-
dies of prolonged BCG treatment and urinary cytokine responses, we measured uri-
nary IL-2 in patients receiving additional BCG therapy after a 6-week BCG induction
course and report our findings.

Materials and Methods
A total of 12 patients with superficial transitional cell carcinoma of the bladder (8 with
recurrent TaG1-3, 2 with T1G3 and 2 with Tis) were monitored during a first (12
patients), second (9), or third (3) course of 6 weekly instillations with BCG. In addition
3 patients were monitored during the 3-week maintenance course initiated at month
3 after the 6-week induction course as described by Lamm et al.13

Urine for cytokine determination was collected in 2 samples 2 to 4 and 4 to 6 h after
each of the 6 (3 samples for the maintenance group) weekly BCG instillations based
on the results from previously reported data.11 Briefly, the urine samples were imme-
diately frozen at -200 C, and later thawed and centrifuged to remove cells and debris.
Interleukin-2 was determined in urine with a commercially available, highly specific
and reproducible enzyme-linked immunosorbent assay using an oligoclonal system.
IL-2 concentrations were standardised to urine creatinine. For each instillation week
the value of the sample (2 to 4 or 4 to 6 h) with the most elevated IL-2 level was used
for evaluations. Samples were regarded IL-2 positive if urinary IL-2 was higher than
0.34 units per �mol. creatinine. For each patient urinary IL-2 concentrations during a
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6-week BCG course were expressed as a percentage of the maximum IL-2 observed
during this period.
Differences in urinary IL-2 at the respective instillation weeks between course 2 or 3
and 1 were analysed with the Student t test and detection of correlation was per-
formed using linear correlation analysis with computer software.

Results
Of the 12 patients treated with a repeat (second or third) course of BCG instillations
10 had a positive response for urinary IL-2 (greater than 0.34 units per �mol. creati-
nine) (Fig. 1).After the first BCG instillation a clearly increased level of urinary IL-2
already was observed. To compare the kinetics of urinary IL-2 induction during a
repeat BCG and previous courses the urinary IL-2 induction curves of these cases
should have been compared with the individual previous curves. However, only 5 of
the 10 patients had positive urinary IL-2 levels during their previous BCG course.This
finding was not unexpected as the indication for a repeat BCG course was tumour
recurrence, and it has previously been shown that patients with urinary IL-2 greater
than 0.34 units per �mol. creatinine during a first BCG induction course also have a
clinical response.11 The kinetics of urinary IL-2 of these 5 patients were not signifi-
cantly different from the kinetics of another (larger) group treated with a first induc-
tion course of BCG during the same period. Figure 2 shows the urinary IL-2 kinetics
during the induction course of this combined group of patients. Comparison of uri-
nary IL-2 induction patterns during a repeat course with the first BCG induction
course revealed that levels tended to be higher during the first and lower during the
last weeks. These observations suggested an accelerated induction of urinary IL-2
during a subsequent instillation course of BCG. Indeed, during the subsequent BCG
course 3 of 10 patients already had a positive response at week 1, whereas no patients
did at week 1 during the first induction course. Generally, peak urinary IL-2 levels
were detected 1 week following the week that patients had a positive response for
urinary IL-2. Furthermore, of these 10 patients 4 had a negative response for urinary
IL-2 for weeks after the early peak level during a subsequent BCG instillation course
(data not shown).
For the 10 patients who had a urinary IL-2 positive response during a subsequent
instillation course of BCG the weeks at which maximum urinary IL-2 levels were
detected at the repeat and first induction courses are indicated in Table 1.These data
show that 8 of 12 patients had urinary IL-2 peak levels at an earlier week in a sub-
sequent instillation course compared with the previous course, also indicating an acce-
lerated urinary IL-2 response during course 2 or 3.The interval between the 2 BCG
instillation courses affected the velocity of the urinary IL-2 response during the sub-
sequent course (see Table 1). A positive correlation was found between the interval
(months) and instillation week at which urinary IL-2 peak levels occurred (P=0.004,
r=0.812).
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Figure 1 Figure 2

Figure 1
Mean urinary IL-2 in 10 patients with positive response (greater than 0.34 units per �mol. creatinine) during a
second or third BCG instillation course. For individual patients data were expressed as percentage of maximum
urinary IL-2 concentration during 6-week course. Mean urinary IL-2 levels plus or minus standard error of mean
(SEM) are shown.

Figure 2
Mean urinary IL-2 in 11 patients with positive response (greater than 0.34 units per �mol. creatinine) during
first BCG induction course. For individual patients data were expressed as percentage of maximum urinary IL-2
concentration during 6-week course. Mean urinary IL-2 levels plus or minus standard error of mean are shown.

Table 1
Comparison between subsequent BCG instillation courses for 10 patients with a positive urinary IL-2 response.

Week of maximum urinary IL-2 level

Patient no. Interval Repeat course Previous course
(months)

1 3 2 Neg.
2 6 1 Neg.
3 12 3 5
4 12 4 6
5 27 4 5
6 27 6 5
7 30 3 Neg.
8 51 5 3
9 51 6 Neg.
10 54 6 Neg.
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Figure 3 Figure 4

Figure 3
Mean urinary IL-2 in 4 patients receiving repeat BCG instillation course with short interval (12 months or less)
after previous course. Urinary IL-2 in these patients was compared with that in Fig. 2, monitored in same
period during first 6-week induction course. Significantly higher urinary IL-2 after instillation weeks 1 and 2
(P=0.047 and P=0.040, respectively), and lower levels at week 6 ( p=0.004) were found during the repeat
course.

Figure 4
Urinary IL-2 in 3 patients during 3-week course at month 3 of BCG maintenance schedule. Urinary 
IL-2 levels expressed as percentage of maximum during 3 weeks.

In a subgroup of 4 patients with an interval of 12 months or less between the 2 courses
the urinary IL-2 kinetics were separately evaluated (Fig. 3). The results indicated a
more pronounced acceleration of urinary IL-2 induction during weeks 1 to 3 and uri-
nary IL-2 down regulation at weeks 5 to 6 compared to the urinary IL-2 pattern
observed at an induction course of BCG as shown in Fig. 2, reaching statistical signifi-
cance (week 1 P=0.047, week 2 P=0.040, week 6 P=0.004).
Whether patients had a urinary IL-2 positive or negative response during the previous
course did not distinctly influence the urinary IL-2 pattern at a repeat course.Thus, an
accelerated urinary IL-2 response during subsequent BCG course(s) was independent
of urinary IL-2 at a previous course but the interval between the subsequent courses
did influence the velocity of urinary IL-2 response. For an additional 3 patients with a
short interval to the subsequent BCG instillations (that is 3 months) receiving a main-
tenance schedule as described by Lamm et al,13 urinary IL-2 during the 3-week BCG
treatment scheme at month 3 is shown in Fig. 4. Maximum urinary IL-2 levels were
already reached at week 2 for all 3 patients, while at week 3 lower levels were detec-
ted.These findings support the aforementioned observations regarding an accelerated
urinary IL-2 induction, especially during a repeat BCG instillation course after a short
interval.

Discussion
Due to the lack of knowledge about the exact anti-tumour mechanism of intra-
vesically applied BCG different instillation protocols have been empirically designed.
To design a more individualised and possibly more efficient instillation scheme
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research is directed to, among others, the recognition of (urinary) markers that could
allow one to identify at an early stage patients unlikely to respond to this therapy.
Instillation of BCG into the bladder has been reported to induce infiltration of the
bladder wall by lymphocytes, monocytes and neutrophils, and cytokines, cytokine
receptors and cell adhesion molecules in the urine.14-20 Of the large variety of BCG
induced urinary cytokines it has recently been reported that urinary IL-2 seems to
have prognostic value for time to tumour recurrence.11,12 These studies were performed
in patients with superficial bladder cancer receiving a first 6-week induction course of
BCG.
In our study the kinetics of urinary IL-2 were monitored during follow-up in patients
with superficial bladder cancer treated with transurethral resection and a 6-week BCG
induction course, plus an additional 6-week course due to the development of re-
current tumour(s). In these patients urinary IL-2 during a second or third BCG instil-
lation course was higher at an earlier week compared with those receiving a first 6-
week course.This effect was most prominent if the interval between the consecutive
courses was short (12 months or less). In addition, the results showed significantly
lower urinary IL-2 at week 6 of a repeat BCG course in cases with a short interval
period (12 months or less) between courses.
Since the T cell is the major infiltrating cell type after BCG bladder instillations, uri-
nary IL-2 production can be regarded as an expression of antigen specific immunity in
the bladder.Thus, the observed accelerated urinary IL-2 response after a repeat BCG
course was not unexpected. Purified protein derivative skin tests were not routinely
done in this patient group before or after BCG instillations. However, since BCG
immunisation is not routinely performed in the Netherlands, in contrast to other
European countries, the majority of the patients in our study could have been ex-
pected to have a negative purified protein derivative skin test before the first BCG
induction course. From an immunological viewpoint immunisation to BCG occurs
during the first (induction) course of BCG instillations, coinciding with the recruit-
ment and expression of specific T and other immune effector cells. Consequently,
during a repeat BCG instillation course the immune system can react more quickly,
which is reflected in the observed rapid urinary IL-2 response. Notably, this urinary
IL-2 induction pattern during a subsequent BCG course was not influenced by
whether the patient had a urinary IL-2 positive or negative response at the previous
course. To our knowledge no data have been reported on the velocity of the local
immune response in relation to the purified protein derivative skin test status in
bladder cancer patients intravesically treated with BCG.
The apparent down regulation of urinary IL-2 production in patients with a short
interval (12 months or less) during prolonged BCG instillations could possibly be a
result of regulatory cytokines or changing cytokine production profiles resulting in
impairment of immune function.The T helper 1and 2 model might help to explain
the interrelationship between the different cytokines.21 Infection models have shown
that the development of a T helper 1 reaction can be downregulated by type 2 cyto-
kines, for example IL-10 and IL-4.22-24 BCG is known to be a potent inducer of a T
helper 1 response, inducing cell mediated immunity associated with the production of
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type 1 cytokines, for example urinary IL-2 and interferon-�.25,26 The presence of IL-4
and IL-10 in the urine of bladder cancer patients treated with BCG has been repor-
ted.27,28 However, in our patients with decreasing urinary IL-2 during prolonged BCG
treatment no clear pattern of urinary IL-10 could be detected (De Boer, unpublished
observations). Whether these cytokine imbalances even have a deleterious effect on
anti-tumour activity remains an open question, although some authors reported that
these imbalances might lead to a worse prognosis in some cancer types and infectious
diseases.24, 29-31 Whether prolonged BCG instillation therapy resulting in down-
regulation of urinary IL-2 also could lead to early tumour recurrence or even pro-
gression remains to be established and can certainly not be concluded from our small
patient cohort.
Based on the outcome of the evaluation of clinical studies in superficial bladder cancer
using BCG instillations it seems that a single 6-week induction course is suboptimal to
obtain long-term recurrence-free survival for the majority of patients.32 Lamm et al
have proposed a so-called maintenance schedule giving additional BCG instillations
for 3 weeks at months 3, 6, 12, 18, 24, 30 and 36 after transurethral resection.13 A recent
update showed that the recurrence-free survival significantly improved (P<0.001) and
survival was better in the maintenance group although no statistical significance was
observed (P=0.09).33 Despite the fact that clinical benefit for maintenance BCG instil-
lations seems to be without doubt, the most optimal instillation scheme for main-
tenance therapy has not yet been established. In 3 patients evaluated at month 3 and
treated according to this proposed BCG maintenance scheme urinary IL-2 already
reached a maximum at week 2 with a subsequent decline at week 3, which could
mean that, provided that urinary IL-2 induction is associated with anti-tumour acti-
vity, 2 instillations would be sufficient for this scheme. Of course, this finding should
be confirmed in a larger group of patients.

Conclusions
Patients with superficial bladder tumours receiving a second or third BCG instillation
course showed different urinary IL-2 kinetics compared with those treated with a first
course. During subsequent BCG courses maximum urinary IL-2 levels were reached
more rapidly, while levels were lower at weeks 5 and 6.These differences were more
pronounced when the interval between the 2 subsequent instillation courses was
short.Accepting the existence of an association between urinary IL-2 and anti-tumour
activity during BCG instillations for time to tumour recurrence, these findings support
the proposed maintenance schedule consisting of only 3 additional instillations. From
the observed optimal BCG induced urinary IL-2 response at week 2 of the 3 instil-
lations during a 3-month BCG course interval it is even tempting to speculate that
only 2 instillations will suffice, which could be advantageous regarding cost-effective-
ness and toxicity. However, these theories should be supported by more clinical data,
comparing urinary IL-2 and clinical response.
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Chapter 10
Immunostimulation in the urinary bladder by local
application of Nocardia rubra cell wall skeleton
preparation (Rubratin) for superficial bladder cancer
immunotherapy a Phase I/II study

Partly published in:
Reijke, T.M. de, Boer, E.C. de, Schamhart, D.H.J., and Kurth, K.H.: Immunostimulation in the urinary bladder
by local application of Nocardia rubra cell wall skeleton preparation (Rubratin) for superficial bladder 
cancer - a phase I/II study. Urol. Res. 25: 117-120, 1997.

Boer, E.C. de, Reijke, Th.M. de, Vos, P.C.N., Kurth, H.H., and Schamhart, D.H.J.: Immunostimulation in the urinary
bladder by local application of Nocardia rubra cell-wall skeletons (Rubratin) and bacillus Calmette-Guérin as
therapy for superficial bladder cancer: a comparative study. Clin. Infect. Dis., 31(suppl): 109-114, 2000.

Abstract
Objectives: Twelve patients with superficial papillary transitional cell carcinoma of the
bladder (pTa, pT1) were treated with six consecutive weekly intravesical instillations of
Rubratin (in a dose of 1.5, 3.0, or 4.5 mg), a cell wall skeleton preparation of Nocardia
rubra (NCW).The main objective of this study was to look for local immunomodu-
lating effects of NCW and in the first four patients the effect on a marker lesion was
also investigated.
Methods: Local immunostimulation in all 12 patients was determined by (1) measure-
ment of cytokine induction [interleukins (IL)-1�, IL-2, IL-6 and tumour necrosis fac-
tor (TNF)-�], (2) leukocyte influx into the urine, and (3) phenotypic analysis of the
lymphocyte fraction of these leukocytes.
Results: Significantly elevated levels of Rubratin-induced IL-1� (p<0.001), IL-2
(P<0.001), IL-6 (P<0.01) and TNF-� (P<0.001) were found compared to control
pre-therapy levels. Rubratin also induced leukocyte influx into the urine. Fluore-
scence-activated cell sorter (FACS) analysis of the urinary leukocytes indicated T-cell
activation (IL-2 receptor and HLA-DR expression), while in two out of five patients
the CD4/CD8 ratio’s were increased. Urinary cytokine induction by Rubratin was
comparable with cytokine induction observed in non-responding bacillus Calmette-
Guérin (BCG) patients (recurrent tumour within 6 months), but less compared with
responding BCG patients (no recurrent tumour within 6 months). Clinical results
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showed no response on the marker lesion and in five out of eight patients early recur-
rence was found after complete transurethral resection (TUR) of the bladder tumours.
This biological response modifier caused no local or systemic side effects at the doses
used.
Conclusion: Although local immunostimulation by intravesical Rubratin administration
can be induced, the amount of immunocompetent cells attracted to the bladder is not
as high as observed in BCG-responding patients, resulting in lower amounts of cyto-
kines produced.This could also explain the lack of clinical efficacy.

Introduction
For prophylaxis and treatment of superficial bladder cancer (Ta,T1,Tis), bacillus Cal-
mette-Guérin (BCG) immunotherapy is generally considered to be the treatment of
choice, especially in patients with a poor prognosis.1 However, using intravesical BCG,
the risk of local and occasionally systemic side effects with even fatal reactions in rare
cases is higher than with chemotherapeutic instillations.2 Thus, there is interest in the
search for safer biological response modifiers (BRM’s).
The clinical efficacy of new immunotherapeutic agents can be tested through the ab-
lative effect on a marker lesion.3 Based on observations that BCG-induced immuno-
logical events appear to be predictive of early clinical response in superficial bladder
cancer, investigations directed to immunological events could also be a logical initial
approach for the evaluation of new BRM’s.4 Several effects associated with BCG im-
munotherapy can be monitored, e.g. the conversion of the purified protein derivative
(PPD) skin test, granuloma formation in the bladder wall, production of cytokines and
the presence of subtypes of leukocytes in the urine as a reflection of immunological
events in the bladder wall. 5,6

The purpose of the present study was to investigate changes in urinary cytokine pro-
duction after intravesical instillation of the immunomodulating agent Rubratin.
Rubratin is a commercially available cell wall skeleton preparation of Nocardia rubra, a
bacterial species taxonomically related to BCG. In a number of experimental tumours
in mice/rats and guinea pigs, immunostimulating and immunotherapeutic activity of
Rubratin has been reported.7-11 Clinical studies in Japan and Germany have confirmed
these experimental results.11-13 In prospective randomised phase III trials a benefit of
Rubratin with respect to remission and/or time to survival was shown for a variety of
non-urological tumours of different origin.14-19 Rubratin has been used as well in
monotherapy, in adjuvant therapy as in combination with chemotherapy for patients
with lung cancer, colorectal cancer, gastric carcinoma, malignant glioma, and acute
leukemia. In these studies, the preparation was given intradermally and by the intra-
tumoural and intrapleural route.The immunotherapeutic activity of Nocardia rubra if
applied intravesically in patients with superficial bladder cancer has not yet been
examined.

Materials and Methods
In this study 12 patients (9 male, 3 female) were included with primary or recurrent
histologically proven superficial papillary transitional cell carcinoma (TCC) of the uri-
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nary bladder (5 pTaG1, 6 pTaG2, 1 pT1G2); all designated “low risk” (= primary G1,
recurrence rate < 1/year, size < 3.0 cm or primary G2, recurrence rate < 1/year, size
< 1.5 cm) for progression according to Kurth et al.20 Patients with concomitant car-
cinoma in situ were excluded from this study. Intravesical instillations with Rubratin
(ASTA Pharma AG, Frankfurt, Germany) were started within 2 weeks after trans-
urethral resection (TUR) and the drug was retained in the bladder for 2 h. Patients
received no antibiotics during the instillation period. Escalating doses of Rubratin
were instilled according to a treatment schedule generally used for BCG (weekly for 6
weeks). The objective was to investigate whether Rubratin had any immunostimu-
lating activity and in the first four patients the response of Rubratin on a marker lesion
was also tested. According to pre-defined stopping rules the compound should be
given only adjuvantly after complete resection of all tumours, if no reaction is obser-
ved in the first four patients with a marker lesion, with the purpose of monitoring
only toxicity and the possible immunostimulatory effects of this BRM as expressed by
altered cytokine levels and/or leukocyte appearance in the dose applied to elucidate
potential dose-related effects. Following Rubratin instillations, local immunostimu-
lation was determined by the measurement of urinary cytokine induction [interleuk-
ins-(IL)1�, IL-2, IL-6 and tumour necrosis factor-(TNF)�], leukocyte influx into the
urine and phenotypic analysis of the lymphocyte fraction of these lymphocytes, as per-
formed previously for BCG therapy.5,21,22

After TUR a marker lesion (0.5-1 cm) was left in the bladder in the first four patients
to establish the immunologic effect as well as the anti-tumour efficacy of Rubratin 1.5
mg. Because no response on the marker lesion was observed in these patients, the fol-
lowing 8 patients were treated prophylactically according to a revised protocol; in
these patients, all visible tumours were resected by TUR. In these 8 patients, the
immunologic effect of 6 weekly intravesical instillations of Rubratin in a dose of 3.0
mg/week (n=5) or 4.5 mg/week (n=3) was studied. Patients were followed for recur-
rence of disease by 3-monthly cystoscopy combined with cytological examinations.
Patients were monitored for local (cystitis and haematuria) and systemic (fever and
allergic reactions) adverse events.
A group of 11 consecutive patients who had a superficial transitional cell carcinoma
and were treated within the same period with 6 weekly intravesical instillations of
BCG (~5-10 x 106 cfu or 81 mg of dry weight; Connaught Laboratories, North York,
Ontario, Canada) were control subjects for comparison of the immunological effects
after instillation of the two BRM’s.
The local Ethics Committee approved the study design and written informed consent
was obtained from each patient.

Rubratin
Rubratin is a lyophylisate, which upon reconstitution forms an injectable oil-in-water
emulsion.10 The contents of an injection vial (0.5-mg) were reconstituted in 1 ml 0.9%
saline. For intravesical instillation, the required number of vials for the 1.5-, 3.0-, or
4.5- mg dose was diluted to an end volume of 50 ml in saline.
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Cytokine determination in urine
Spontaneous voided urine samples were collected during the six instillations, prior to
instillation and 2-4 h, 4-6 h and 12-24 h thereafter. Samples were immediately frozen
to -200 C.Afterwards, specimens were thawed and centrifuged (300 g) to remove cells
and debris and stored in aliquots at -200 C until analysis. IL-1�, IL-2, IL-6, and 
TNF-� in urine were determined with the use of a commercially available, highly
specific, reproducible enzyme-linked immunosorbent assay (ELISA) using an
oligoclonal system (Medgenix, Fleurus, Belgium). By use of this method, baseline uri-
nary cytokine levels (3.7 ± 6.2 pg of IL-1�/�mol creatinine, 0.0 ± 0.1 U of 
IL-2/�mol creatinine, 5.9 ± 12.8 pg of IL-6/�mol creatinine, and 0.2 ± 0.8 pg of
TNF-�/�mol creatinine) were established in 134 pre-instillation samples from 25
patients with superficial bladder cancer.Cytokine data were standardised to urine crea-
tinine to correct for hydration in voided urine.

Fluorescence Activated Cell Sorter (FACS) analysis of lymphocytes from urine
From fresh 2-4 h urine samples obtained after instillations 1, 3 and 6, the total number
of viable leukocytes was determined using the trypan blue exclusion. Leukocytes were
washed (centrifugation for 5 min., 300 g) twice in phosphate buffered saline (PBS)
(pH 7.2) with 0.2% albumin (Boehringer Mannheim, Mannheim, Germany), 0.02%
K-ethylenediaminetetraacetate (EDTA) (Merck, Darmstadt, Germany) and 0.01%
NaN3 (Merck).
Cells (5 x 105) were labelled with 100 �L of monoclonal antibody (mAb) in PBS with
described additions. CD45 mAb to leukocytes (1:10); CD3 mAb to T cells (1:10);
CD4 mAb to Th/i (1:10); CD8 mAb to Ts/c (1:10); CD25 mAb to IL-2 receptor
(1:10); CD14 mAb to monocytes/macrophages (1:10); CD66 mAb to granulocytes
(1:500), and mAb to human leukocyte antigen-DR (HLA-DR; 1:500) were obtained
from the Central Laboratory of the Netherlands Red Cross Blood Transfusion Service
(Amsterdam,The Netherlands), and CD20 mAb to B cells (1:5); CD56 mAb to natural
killer/Tc cells (1:10) were obtained from BD Biosciences (Woerden, The Nether-
lands). A fluorescein-conjugated F(ab’)2 fragment from rabbit antibody to mouse Ig
(DAKO, Glostrup, Denmark) was used as second antibody (100 �L, 1:40 dilution in
PBS with the described additions). Labelled cells were fixed in 300 �L of 0.5% para-
formaldehyde in PBS. Fluorescence-activated cell sorter (FACS) analysis (FACScan,
BD Biosciences Immunocytometry Systems, Mountain View, CA, USA) was perfor-
med the following day, as described previously.5

Statistics
Differences between Rubratin- or BCG-treated patients and control subjects for the
urinary cytokine induction and leukocyte numbers, and pre-therapy levels were
analysed using the 2-tailed Wilcoxon’s rank-sum test for the unpaired case.
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Results
Cytokines in urine by Rubratin 
In serially collected urine samples during the first 24 h after each of the six weekly
instillations of Rubratin IL-1�, IL-2, IL-6 and TNF-� could be detected. Highest
cytokine concentrations were generally observed in the 2-4 h or 4-6 h urine samples,
in accordance with cytokine induction observed when BCG is applied. Because no
differences in cytokine induction between the various doses of Rubratin were obser-
ved (results not shown), all data were pooled. Significantly elevated levels of Rubratin-
induced IL-1�, (P <0.001), IL-2 (P <0.001), IL-6 (P <0.01), and TNF-� (P 0.001)
were found compared to pre-therapy cytokine levels (Table 1). In figure 1, cytokine
levels during the 6 weeks of intravesical treatment with Rubratin are presented in
comparison with those seen during BCG treatment. Pre-therapy cytokine levels were
not different for the Rubratin- and BCG-treated patients (P=0.621). For IL-1�
(figure 1A), an increase over the pre-therapy level was already observed after the first
instillation of Rubratin (P=0.025); this level increased moderately up to the sixth
instillation of Rubratin (P=0.015). No significant differences in levels of Rubratin-
and BCG-induced IL-1�(week 6, P=0.442) were seen, although maximum urinary
IL-1� concentrations were higher (see upper range) during BCG treatment.

Table 1
Comparison of pretreatment urinary cytokine levels with peak levels plus ranges after intravesical instillation of
Rubratin (n = 12)

Pretreatment Rubratin P-value

IL-1� (pg/�mol creatinine) 5.1 (0.4 - 21.3) 37.5 (17.5 - 113.3) < 0.001
IL-2 (units/�mol creatinine) 0.0 (0.0 - 0.1) 0.1 (0.0 - 0.4) < 0.001
IL-6 (pg/�mol creatinine) 1.7 (0.0 - 24.0) 22.2 (6.7 - 110.6) < 0.01
TNF-� (pg/�mol creatinine) 0.0 (0.0 - 1.4) 5.9 (0.0 - 109.3) < 0.001

For urinary levels of Rubratin-induced IL-2 (figure 1B), a trend for an increase over
the pre-therapy level was found (lowest level [P=0.70] at week 4; highest level
[P=0.162] at week 2). In contrast, IL-2 levels clearly increased during a 6 week treat-
ment course with BCG: at week 6, significantly lower amounts of IL-2 were induced
by rubratin compared with BCG (P=0.002).
For IL-6 (figure 1C), Rubratin-induced levels were higher than pre-therapy levels
after the first instillation (P=0.002). However, these levels declined thereafter to a non-
significant difference at week 6 (P=0.926). At week 6, the difference between BCG-
and Rubratin-induced amounts of IL-6 was highly significant (P=0.0001).
Urinary levels of Rubratin-induced TNF-� (figure 1D) were significantly increased at
week 3 only (P=0.017), compared with pre-therapy levels.At weeks 5 and 6, levels of
Rubratin-induced TNF-� were lower than levels of BCG-induced TNF-� (P=0.017
and P=0.022, respectively).
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Figure 1

Urinary levels of IL-1� (A), IL-2 (B), IL-6 (C), and TNF-� (D) during a 6-week course of intravesical therapy with
Rubratin (ASTA Pharma AG, Frankfurt, Germany) or BCG for superficial bladder cancer. Urine samples were
collected before therapy (week 0) and serially during the first 24 h after each of 6 weekly instillations (weeks
1-6). For individual patients, the highest cytokine concentration observed after each week was evaluated.
White boxes denote cytokine concentrations in 12 Rubratin-treated patients; shaded diagonally striped boxes
represent cytokine concentrations in 11 BCG-treated patients. The corresponding vertical ends of the box
indicate the lower and upper quartiles. The central horizontal line in the box indicates the median value.
An unbroken line connects median values for Rubratin and a broken line for BCG. Minimum and maximum
cytokine concentrations (range) are indicated by the T bars.

Table 2
Urinary cytokine levels after BCG instillation measured in patients with superficial bladder tumours, subdivided
into responding patients (recurrent tumor after 6 months) and non-responding patients 
(recurrence < 6 months).

Urinary cytokines Non-responding Responding 
BCG patients BCG patients

IL-1� (pg/�mol creatinine) 9.9 (1.4 - 139.8) n = 5 64.6 (23.5 - 712.1) n = 5

IL-2 (units/�mol creatinine) 0.1 (0.0 - 0.8) n = 6 1.6 (0.3 - 11.6) n = 8 

IL-6 (pg/�mol creatinine) 35.5 (3.0 - 420.4) n = 10 286 (16.1 - 3802) n = 13

TNF-� (pg/�mol creatinine) 9.3 (1.0 - 67.0) n = 8 78.1 (4.0 - 561.0) n = 10 

The Rubratin-induced urinary cytokine levels were also compared with those of non-
responding and responding BCG patients. Responding BCG patients were defined as
those patients showing no tumour recurrence within 6 months after BCG instillations,
while non-responding patients had a recurrent tumour within six months.4 Urinary
cytokine levels in non-responding and responding BCG-treated patients are shown in
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Table 2. Comparison of these levels with the Rubratin-induced cytokine levels as
shown in Table 1 reveals that the highest urinary cytokine levels after six Rubratin
instillations were comparable to those of the non-responding BCG patients, but were
clearly less comparable to those of the BCG-responding patients.

Leukocyte numbers in urine
Leukocyte counts were determined for 8 patients with the highest 2 doses of
Rubratin.As shown in Table 3 Rubratin was found to induce leukocyte influx into the
urine after intravesical instillation (P=0.0019); for all samples investigated (which were
obtained 2-4 h after the first, third, and sixth instillations), the leukocyte count after
instillation was higher than that noted before instillation.

Table 3
Leukocyte influx after Rubratin instillation measured in seven patients and FACS analysis results, measured in
five patients plus ranges.

Pretreatment Rubratin P-value

Total cells x 103 12.6 (1.0 - 40.9) 24.8 (1.2 - 70.9) 0.0019

IL2+-R lymphocytes (%) 4 (0 - 22)

HLA-DR+ lymphocytes (%) 17 (1 - 74)

CD4/CD8 ratio 0.88 (0.46 - 5.1)

No differences were observed between the 3.0- and 4.5-mg doses of Rubratin, with
regard to the numbers of induced leukocytes (results not shown); therefore, the data
were combined. In figure 2, the leukocyte counts in urine samples obtained from 8
patients during 6 weeks of intravesical treatment with Rubratin are compared with
those in urine samples from 8 BCG-treated patients. Pre-therapy leukocyte counts
were not different for the Rubratin- and BCG-treated patients (P=0.518).After weeks
1, 3, and 6, counts of Rubratin-induced leukocytes in urine samples obtained 2-4 h
after instillation were greater than pre-therapy counts (P=0.027, P=0.002, and
P=0.006, respectively). Urinary leukocyte counts after Rubratin therapy increased
from the first to the third instillation but not from the third to the sixth instillation.
This finding was clearly in contrast to that for BCG therapy, in which a gradual eleva-
tion was seen during the 6-week treatment course. Leukocyte counts in urine samples
were significantly lower after the sixth instillation of Rubratin than those found after
BCG (P=0.005).
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Figure 2

Leukocyte counts in urine during a 6-week course of intravesical therapy with Rubratin (ASTA Pharma AG,
Frankfurt, Germany) or BCG for superficial bladder cancer. Urine samples were obtained before therapy (week
0) and 2-4 h after the first, third, and sixth instillation weeks. White boxes denote leukocyte counts in 8
Rubratin-treated patients; shaded diagonally striped boxes represent leukocyte counts in 8 BCG-treated
patients. The corresponding vertical ends of the box indicate lower and upper quartiles. The central horizontal
line in the box indicates the median value. An unbroken line connects median values for Rubratin and a broken
line for BCG. Minimum and maximum numbers of leukocytes (range) are indicated by the T bars.

FACS analysis of leukocytes
In a subgroup of patients (n = 7), instilled with 3.0 and 4.5 mg Rubratin, FACS ana-
lysis of the leukocytes was performed in urine samples obtained 2-4 h after the first,
third, and sixth instillations. Small percentages of monocytes/macrophages (3.3 +/-
2.1%) and lymphocytes (0.4 +/- 0.3%) were detectable in addition to a majority of
granulocytes (> 95%), which is similar to the situation after BCG instillation.21 No
differences within these percentages were observed for the two different doses of
Rubratin; therefore, the data were combined. Because the composition of the lympho-
cyte population in urine after BCG therapy seems to be representative of the BCG-
induced chronic lymphocyte infiltrate in the bladder wall, the phenotype of urinary
lymphocytes after Rubratin instillations was determined. Due to the small number of
lymphocytes after the first instillation, accurate FACS analysis was not possible. After
the sixth instillation, analysis was possible for five out of seven patients: cells in the
lymphocyte gate consisted mostly of CD3+ T cells (59 ± 17%), with lower percentages
of CD20+ B cells (14 ± 20%) and small percentages of CD56+ NK/Tc cells (2 ± 3%)
present. For two of these five patients, relatively high percentages of lymphocytes
expressing IL-2 receptors (CD25+) and HLA-DR were observed, indicating T-cell
activation. In the same two patients an increased CD4/CD8 ratio was found. In figure
3, these data are shown in comparison with levels of IL-2 receptor (P=0.143) and
HLA-DR (P=0.222) expression and CD4/CD8 ratio (P=0.256) after 6 BCG instilla-
tions and this figure suggests a trend for a lower level of T-cell activation and a lower
CD4/CD8 ratio after Rubratin treatment than after BCG therapy.
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Figure 3

Flow cytofluorometric analysis of IL-2 receptor (IL-2R) and histocompatibility complex class II (human leukocyte
antigen-DR [HLA-DR]) expression and CD4 : CD8 cell ratio’s in lymphocytes in urine samples obtained 2-4 h
after 6 instillations of Rubratin (ASTA Pharma AG, Frankfurt, Germany) or BCG as therapy for superficial bladder
cancer. Data for individual patients (5 Rubratin-treated patients and 7 BCG-treated patients) are shown.
Unbroken lines represent median values.

Tumour response
No ablative effect of Rubratin was observed in the first four patients with a marker
lesion at follow-up cystoscopy at month 3. In patients treated by complete TUR of all
visible lesions early recurrent tumour was found in five (mean time to recurrence 4.0
months). Mean time of follow-up of the three recurrence-free patients was 36 months.
This BRM did not induce local and/or systemic side effects or adverse reactions.

Discussion
This study shows that local immunostimulation can be accomplished by intravesical
application of the Nocardia rubra cell wall skeleton preparation (Rubratin). Both
Rubratin and BCG are similar types of biological response modifiers (i.e., bacterial
preparations).After Rubratin intravesical instillations, significantly elevated amounts of
the interleukins IL-1�, IL-6,TNF-�, and leukocytes were found in the urine samples
compared to pre-instillation levels, whereas a trend for an increase was found for IL-2.
FACS analysis of the lymphocytes obtained from urine samples indicated that the 
T-cell activation might be induced (IL-2 receptor and HLA-DR expression) and
CD4/CD8 cell ratio’s can be increased in some patients after Rubratin treatment.
However, immunostimulation by Rubratin was considerably less than that by BCG,
especially compared to responding BCG patients.The urinary cytokine levels induced
by various dosages of Rubratin were clearly lower. Recent investigations by our group
concerning the induction of urinary cytokines (especially IL-2 and IL-6) during intra-
vesical BCG therapy indicate an association between absence of cytokine induction and
“early” (≤ 6 months) tumour recurrence.4 In agreement with these observations, in this
study low levels of Rubratin-induced cytokines were associated with absence of appre-
ciable anti-tumour or prophylactic efficacy after intravesical instillations of Rubratin.
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Our observations of local immunostimulation resulting from intravesically applied
Rubratin agree with the findings of Jurincic et al, who reported an increased number
of macrophages, monocytes, granulocytes, and CD4+ T cells in mucosa and submucosa
of the bladder; these findings were determined by immunohistochemical analysis.23

With regard to urinary cytokine induction by Rubratin, Jurincic et al studied only 
IL-1�, which was also studied in this study.
A major cause of the reduced immunostimulating capacity of Rubratin compared
with BCG may be that the BCG preparation contains viable bacteria whereas
Rubratin contains cell walls only.24,25 For BCG, viability of the preparation is probably
important for therapeutic efficacy, and alternative immunomodulators have not yet
shown comparable anti-tumour efficacy.2, 24, 26-28 Experimental data obtained from the
guinea pig model described by Van der Meijden et al suggested the need for viable
organisms: heat-killed BCG had less immunostimulating capacity than did viable BCG
when applied intravesically.25

In agreement with these observations, assuming that the BCG-associated immune
reaction is required for anti-tumour efficacy,Kelley et al reported on the importance of
the viability of the BCG preparation for clinical efficacy against superficial bladder
cancer.24 The low level of immunostimulation observed in the present study after
intravesical instillations of Rubratin may be comparable. However, Chin et al recently
reported experimental results indicating that a mycobacterial cell-wall preparation
obtained from Mycobacterium phlei invokes an inflammatory response in the mouse
similar to that of a live BCG organism and retains anti-tumour action.29

Regarding the intravesical administration of bacteria other than BCG, it is not clear
whether the type of bacterial species (either viable or non-viable) is of influence on
the level of immunostimulation. Bacteria commonly associated with urinary tract
infections can induce elevated levels of urinary cytokines, although the levels are not
as high as those associated with BCG.30,31 In addition to being produced by infiltrating
cells of the immune system, urothelial cells may be a source of urinary cytokines such
as IL-1�, IL-6, and TNF-�.32,33 Recently, it was reported by our group that interaction
of urothelial cells with BCG resulted in enhanced secretion of IL-6 and TNF-� by the
urothelial cells, which was >10-fold higher than that with Rubratin or other whole,
viable, urinary tract infection-inducing bacteria.34

The data agree with results obtained in this study and are thus suggestive of a role for
this phenomenon within local immunostimulation following bladder instillation.
Although there is increasing evidence regarding the importance of local T-cell infil-
tration and immune activation for efficacy, the exact mode of action of BCG as an
anti-tumour modality in bladder cancer is not known, and a firm link between an
immune-mediated mode of action and a clinical (tumour) response is still lacking.6, 35-37

Our recent results from investigations of induction of urinary cytokines by means of
intravesical therapy with BCG indicate an association between absence of cytokine
induction and “early” recurrence of disease.4 In agreement with these observations, the
low levels of Rubratin-induced cytokines in this study seem to be associated with the
absence of appreciable anti-tumour efficacy of intravesical instillations of Rubratin, al-
though no firm conclusions regarding the anti-tumour efficacy of Rubratin can be
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drawn from this study because of the small number of patients.
Intravesical BCG treatment for superficial bladder cancer is well tolerated by >95% of
patients, although serious complications, such as systemic BCG-sepsis, can occur.The
most frequently encountered side effect of the treatment is local bladder irritation
(which occurs in >90% of patients); this adverse effect usually persists for approxi-
mately 2 days and begins after repeated instillations. It is probably a result of locally
induced inflammatory and immunologic processes. That no local or systemic side
effects were observed in the patients treated with Rubratin in the present study is in
agreement with the limited immunologic effects reported here.
Phenotypic analysis in a limited number of Rubratin-treated patients indicated that in
some patients (two out of five) T-cell activation was induced. However, in contrast to
observations made in BCG-treated patients (unpublished data), for the Rubratin-
treated patients no correlation between phenotypic T-cell activation and the amount
of urinary cytokines was observed.38 This may be explained by the considerably lower
amount of urinary leukocytes induced by Rubratin compared to BCG (figure 2).

Conclusion
Local immunostimulation by intravesical Rubratin administration could be induced in
this small number of patients; however, the amount of immunocompetent cells attracted
to the bladder is low as is the level of cytokines measured.Clinical effectiveness could not
be demonstrated. Continuation of this study using higher doses of Rubratin was not
considered useful for both clinical and cost-effectiveness reasons. This study provides
further evidence that monitoring cytokine release during intravesical treatment with
BRMs can be useful for the investigation of local immunostimulatory effects.
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Chapter 11
Discussion and future aspects
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Urinary cytokines reflecting the immunological response in the urinary bladder to biological response
modifiers: their practical use.
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The application of bacillus Calmette-Guérin (BCG) in the treatment of cancer is not
new. It was already observed in the late 1890’s that cancers regressed in patients with
an erysipelas infection and later on it was observed that patients with tuberculosis had
a lower incidence of cancer.1,2

In 1921 BCG was isolated from Mycobacterium bovis, a mycobacterium causing bovine
tuberculosis, by Calmette and Guérin at the Pasteur Institute. Since that time the live
attenuated BCG strain has been used worldwide for the vaccination against tuber-
culosis.
In the 1950’s and 1960’s BCG was used for several non-urological cancer types with
different outcome, but after several years of clinical application its use was stopped due
to the discouraging results compared with other emerging treatment modalities, e.g.
chemotherapy.3 The interest in BCG as an anti-cancer modality remained and in the
1970’s the basic study of Zbar et al initiated a revival of BCG as an anti-cancer drug.4,5

Their study showed in a guinea pig model that direct injection of BCG into a hepato-
carcinoma induced an inhibition of tumour growth. They also observed that the
BCG-treated animals developed immunity against the particular hepatocarcinoma.
The conclusions of the authors were: (1)-close and prolonged contact between BCG
and the tumour was necessary for a positive effect, (2)-the tumours to be treated
should be small sized, and (3)-localised tumours respond more favourable than gene-
ralised tumours.These BCG-associated characteristics for successful treatment seem to
be ideally suited for tumours originating in the bladder.Thanks to the pioneering cli-
nical work of Morales et al BCG was introduced in clinical urological practice for
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patients with superficial bladder cancer, although the basis for “how to treat the
patients” was lacking.6 BCG instillations are now considered the standard treatment for
patients with intermediate and high risk for recurrence and/or progression, although
the exact anti-tumour mechanism and optimal treatment schedule are still not
known7-10 It has been argued that, after binding of BCG to the bladder wall, BCG anti-
gens, processed by antigen presenting cells and possibly urothelial (tumour) cells, pre-
ferentially activate T-helper type 1 (Th1) lymphocytes, and generate a ‘Th1 cytokine
milieu’ at the site of the tumour.11-26 Under these circumstances the generation of an
anti-tumour response could be facilitated. However, although many explanatory steps
in the sequence of events in the immune response after BCG instillations have been
suggested, the clinical relevance of this knowledge is still marginal. Clinical questions
that have to be resolved in the near future are:

1. Is it possible to prevent or diminish the adverse effects of BCG instillations?
2. Can the BCG treatment be optimised and individualised?
3.Are alternatives to BCG a feasible option?

Is it possible to prevent or diminish the adverse effects of BCG instillations?
During intravesical BCG instillations and especially if maintenance instillations are
given, the induction of side effects is frequently observed and sometimes require inter-
ruption of treatment. Local side effects (e.g. chemical cystitis, haematuria) and more
importantly the systemic side effects (e.g. pneumonitis, hepatitis, arthralgia, sepsis) can
pose the treating urologist for serious problems. In the case BCG instillations are given
in the presence of infection, macroscopic haematuria, and traumatic catheterization,
even deaths have been reported.27

A relationship between local and systemic side effects of BCG instillations and its ulti-
mate efficacy has been suggested by Lüftenegger et al.28 These authors hypothesized
that the instillation of mycobacteria into the bladder induced a rather non-specific
cystitis and the resulting inflammatory reaction would lead to the destruction of the
bladder tumour. On the contrary, however, other non-specific inflammatory reactions
(e.g. chronic catheterisation, radiation) do not result in a similar effect, and could even
induce malignant transformation of the bladder urothelium. Secondly, in case of a
non-specific inflammation, the duration of the inflammatory reaction is usually only
short and no mononuclear cells are found in the urine that are capable to induce a
release of Th1 cytokines. Recently, Sylvester et al evaluated the relationship between
efficacy and side effects of BCG instillations in Ta/T1 bladder cancer patients based on
an EORTC-GU Group study.29 A correlation between the incidence of local side
effects and time to first recurrence was found; patients with local side effects had a
longer time to first recurrence.The authors questioned, however, whether the toxicity
was responsible for a prolongation of the time to first recurrence. They argued that
patients, with good prognosis and a consequently longer time to first recurrence will
receive BCG instillations for a longer time and thus may be more likely to experience
side effects. Contrary, patients with poor prognosis will go off study for recurrence at
an earlier point in time and thus may be less likely to experience the side effects.They
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concluded that a bias might be present if the total number of BCG instillations is not
accounted for. To overcome this bias they introduced a so-called landmark method
evaluation, in which the point of evaluation was set at 6 months. Based on this land-
mark method, BCG local side effects occurring within the first 6 months proved not
to be a prognostic factor for subsequent recurrence.
To prevent the side-effects different approaches are currently explored.The first ap-
proach to prevent local side effects is dose reduction of BCG. Different dosages have
been reported, ranging from one third to one hundredth of the standard dose.30-32 A
recent EORTC-GU Group Phase II trial, leaving a marker lesion in the bladder and
using a 1/4 dose of BCG OncoTice, showed a clear ablative effect on superficial blad-
der cancer, with a 61% complete response rate.33 The incidence of local side effects did
not appear to be reduced compared to the reported incidence of side effects using full
dose BCG in this study. However, Martinez-Pineiro et al reporting on a randomised
study in 500 patients demonstrated similar results for the reduced BCG schedule in
terms of recurrence and progression with better tolerance of a reduced BCG dose (27
mg versus 81 mg BCG Connaught) with a median follow-up of 61 months.31 How-
ever, in the high-risk group of patients a trend towards better disease-specific survival
was observed for patients receiving the full dose of BCG. Since the studies reported in
the literature are limited, no definite conclusions are allowed at present.A large Phase
III study is in progress within the EORTC-GU Group (EORTC 30962) in which
standard BCG dose versus 1/3 BCG dose is compared in patients with intermediate to
high risk for recurrence.Theoretically, however, it may not be sensible to reduce the
dose of BCG - in terms of concentration - already in the initiating phase of the BCG
treatment (“induction course”), since for a substantial number of patients even a full-
dose 6-week BCG instillation course is not sufficient to induce anti-tumour activity.
These patients subsequently require a second 6-week instillation course with full-dose
of BCG.
With regard to the issue of dose reduction to prevent side effects (particularly during
the subsequent phase of maintenance treatment), our group came with the concept of
reducing the dose by decreasing the frequency of instillations and not by decreasing
the concentration of BCG. In a mouse model, measuring Th1/Th2 cytokine response
with a semi-quantitative RT-PCR based method, BCG instillations at weeks 1 and 6
only were compared with the “classical” 6-week induction course; interestingly, a
comparable Th1 cytokine response was observed for the 1 and 6 week instillation
schedule, associated with a lower Th2 response, which could theoretically result in bet-
ter anti-tumour activity.34 Using the same model to obtain insight into more funda-
mental issues concerning immune stimulation by BCG bladder instillations, a Th1
reaction was demonstrated after intravesical treatment with non-viable BCG, provided
that local sensitization by instillations with viable BCG had occurred.35 These observa-
tions are highly worthwhile to be considered for confirmation in the human situation.
In addition, recent efforts of the group of Chopin have provided interesting results
which may lead to a different approach in the future.36,37 Their work contains indica-
tions that treatment for the patient can be tailored based on the demonstration of a
Th1 urinary cytokine profile and they also demonstrated that during maintenance
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therapy these urinary cytokine demonstrations could be helpful in tailoring the BCG
treatment.Another approach to prevent side effects could be the combination of BCG
treatment with a tuberculostatic agent, e.g. isoniazid (INH).The antigenic properties
of this attenuated strain of Mycobacterium bovis are still maintained as well as its sensiti-
vity to tuberculostatic agents. Adding INH to the treatment with BCG could thus,
theoretically, prevent the side effects caused by the viability of (organisms in) the BCG
preparation. This approach has been clinically evaluated within the EORTC-GU
Group (EORTC 30911) using INH 300 mg the day before, 2-hours before, and one
day after each BCG instillation.Vegt et al reported that the addition of INH provided
no decrease in any of the known side effects of BCG. In contrast, side effects induced
by the INH were observed slightly more frequent.38

Another approach to be investigated is to enhance the ability of BCG to attach to the
mucosa cell surface and the potential of engineering recombinant BCG to express and
secrete proteins that are directly cytotoxic to the cells in close proximity. Using this
new genetically engineered recombinant BCG, perhaps the dose of BCG could be
reduced, resulting in a better toxicity profile. Cytokine expressing recombinant BCG
strains have been developed; although these strains only produce low amounts of the
respective recombinant protein, Luo et al suggested that rhIFN-alpha BCG might be a
superior agent for immunotherapeutic protocols involving live BCG in humans due
to the immunostimulatory properties.39-41

Since side effects are frequently observed, especially during maintenance BCG instil-
lations, Saint et al developed a scale to monitor the adverse reactions to BCG and their
impact on the adherence to maintenance instillation therapy.42 They found this scale
helpful for tailoring the maintenance instillation scheme and used it to modify the
treatment (dose reduction or postponement of BCG instillations).
Since one 6-week course of BCG is generally considered as sub-optimal treatment,
additional BCG instillations are warranted to obtain long lasting positive effects regar-
ding diminishing tumour recurrence. In the two meta-analyses reported in the litera-
ture BCG therapy was superior to chemotherapy instillations and especially if main-
tenance BCG therapy was applied.10,43 Maintenance treatment as proposed by the
South West Oncology Group (SWOG), including three additional instillations at
months 3, 6, 12, 18, 24, 30 and 36 following the TUR of the bladder tumour(s) resul-
ted in a superior performance.The estimated median recurrence free survival in the
maintenance group was 76.8 months versus 35.7 months in the non-maintenance
group.44 The estimated time to progression free survival was not estimable in the main-
tenance group and 111.5 months in the non-maintenance group. In the analysis only
patients were included who had received the full 6 weeks course and were tumour free
at randomisation. However, using this intensive treatment schedule the side effects can
also increase and the proposal from Lamm was to decrease the BCG dose if the local
side effects increased progressively (personal communication).The participants in the
SWOG study applied this policy and this could explain why no severe side effects
were observed. However, whether these practical suggestions to diminish the dose to
prevent side effects induced by the BCG instillations still are favourable for preventing
bladder cancer recurrences has never been proven.
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Can the BCG treatment be optimised and individualised?
Although BCG has a favourable effect in delaying recurrences and preventing progres-
sion in patients with superficial bladder cancer, a substantial number of patients do not
respond and these patients will develop muscle invasive bladder cancer, necessitating
more aggressive therapy (e.g. radical cystectomy). Clinical factors, such as age, gender
and side effects induced by the BCG therapy are not very reliable to differentiate
between responding and non-responding patients.28,31,45,46 Tumour characteristics (e.g.
stage, grade, presence of CIS, multiplicity, recurrence rate, 3-month cystoscopy out-
come) are important factors for recurrence and progression, but lack prognostic value.
Molecular characteristics (e.g. tumour suppressor gene expression, cell proliferation
markers) have also failed to improve patient selection for BCG therapy. P53 over-
expression following BCG instillation was found to be linked with tumour recurrence
and progression in uni- and multivariate analyses, but these observations have not been
confirmed in larger patient cohorts.47,48

Immunological characteristics are, of course, important to study based on the working
mechanism of BCG. PPD skin test and the formation of bladder wall granulomas have
a low predictive index of therapeutic response for the individual patient, since the
detection of granulomas can be subjected to sampling error and the PPD skin test
measures a systemic response which may lack immunological specificity.49,50 In addition
to the PPD skin test (Mantoux reaction), other parameters of systemic immune com-
petence/activation have been studied.
Besides the local immune response, which may be highly relevant since we address a
local therapy, several authors have studied a possible improvement of systemic immune
competence, measured through different parameters during intravesical BCG treat-
ment.A change was found by Sarica et al and Yoshimura et al, whereas no change was
found by Van der Meijden et al, Hermann et al and Elsåsser-Beile et al.51-55 Additionally,
with respect to cytokine induction systemically following BCG therapy,Tanaguchi et
al measured positive IL2 and IFN-� levels in serum from patients, while Kaempfer et
al found mitogen-induced IL2 mRNA in PBMC after instillation number 4 predictive
for tumour response.56,57 With regard to the systemic BCG-specific immune response,
Schmidt et al in 1993 found a difference in proliferation of PBL after in vitro stimu-
lation with BCG between patients with and without tumour recurrence.58 In contrast,
Zlotta et al did not observe a correlation between lymphoproliferation to BCG and/or
BCG antigens and the clinical response.14 Summarizing, these observations indicate
that the immunologic effect of local treatment with BCG goes beyond the bladder
which, however, was to be expected since intravesical BCG treatment is also associated
with induction of systemic reactions such as PPD skin test reactivity and fever. The
prognostic value of systemic reactions is so far not proven.
Measurement of local immune reactions is a very logical step, since we are dealing
with a local therapy for localized tumours. Urine testing is attractive since it is non-
invasive and available in abundant amounts. During BCG treatment of patients with
superficial bladder cancer the immunologic urinary response to BCG seems to be
associated with the clinical response.56,59-62 Since measurement of urinary cytokines is a
relatively simple and non-invasive test, it has the potential to be used with the aim to
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optimise and individualise BCG treatment. IL-2 and IFN-� are predominant cyto-
kines of the Th1 type, which play a role in the development of the cellular immunity.
These cytokines can be detected in the urine of patients treated with BCG, especially
in those patients showing a favourable anti-tumour response.56,59-62 The Th1 reaction is
counter-regulated by Th2 cytokines, such as IL-4, IL-5 and IL-10, which can thus play
a role in the cytokine regulation.26 De Reijke et al have shown that during repeated
BCG instillations, especially if the interval between the successive BCG courses is
short, the level of IL-2, the major autocrine growth factor for T-lymphocytes, de-
clines.63 It was speculated that this could be due to an upregulation of the Th2 reac-
tion, since IL-10 can also be detected in the urine of patients receiving additional
BCG instillations.64 These observations of our group have recently been confirmed by
Saint et al.37

Which cytokine should be used for monitoring the efficacy of BCG instillations? 
At present, evidence independently collected by several centres indicates that within a
series of cytokines, the (level of) urinary IL-2 predicts the efficacy of anti-tumour
response. Less data presently exist for IFN-� and IL-8.
Until now cytokine determination has been performed using ELISA tests, which are,
however, expensive, laborious and not office-based. At this moment possibilities are
explored to use so-called test reagent strips, like e.g. the BTA test strips.65 Two types of
strips could be investigated, a semi-quantitative test strip giving ranges of particular
urinary cytokines or test strips that give a discoloration once a certain cut-off level of
urinary cytokines has been reached.The last method would be preferable, but requires
a consensus concerning this cut-off level for urinary cytokines.
IL-2 and IFN-� are important Th1 cytokines implicating the relevance of these deter-
minations. IFN-� concentration has been shown to be correlated with urinary IL-2
levels and IFN-� levels also correlated with clinical response. Advantage of IFN-� in
urine is its high concentration (nanograms per ml urine), contrary to for example IL2
(picograms per ml urine), which makes it a promising candidate to develop a test strip-
like assay. A disadvantage of IFN-� is, however, its instability in the urine, but
O’Donnell has developed a stabiliser for the urine, although this might not be required
if an immediate test strip is being used (personal communication).
With regard to the other candidate cytokine IL-8, advantageous points are the stability
in urine, as well as the early appearance during the six week induction course, as
shown by our group.66-68 The test strip could thus be used to follow the patient with
respect to induction of an immune response during the induction course with BCG
and based on the result of this simple test one could decide to stop or prolong intra-
vesical instillations with BCG.
Alternatively, measurement of urinary Th1/Th2 cytokine balance may be used to
monitor or prevent “overdosing”; in particular during maintenance therapy, since it has
been suggested that the current maintenance scheme as proposed by the SWOG is too
extensive.63,69 Clerici and Shearer reported also that imbalances in the 2 types of cyto-
kines may be associated with a worse prognosis in some types of cancer.70 Th2 lymp-
hocytes produce the functionally opposite cytokines IL-4 and IL-10; they suppress
delayed type hypersensitivity and inhibit Th1 lymphocyte cytokine production (while
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IFN-� inhibits Th2 lymphocyte proliferation).71,72 Whether there is a direct relation
between Th1 and Th2 cytokines induced by BCG or if there is a certain balance
between Th 1/2 urinary cytokines to induce an effective anti-tumour response is not
yet clear, but recent findings by Saint et al seem to confirm this hypothesis.36

Attractive by simplicity is, in addition, a measurement of urinary leukocytes during
BCG instillations as reported by Saint et al. These authors recently showed that this
parameter could possibly be related to efficacy of BGC treatment.73 When this is con-
firmed by other independent groups this easy and cheap test could improve the moni-
toring of patients with superficial bladder cancer treated with BCG.

Are alternatives to BCG a feasible option?
Several groups have shown that BCG-induced urinary cytokines correlated with cli-
nical outcome.Their type of studies is in three ways important:
1 - urinary cytokine determination, being a non-invasive test, may be used for “treat-

ment adaptation”, to individualise the treatment
2 - the induction of “prognostic” urinary cytokines (e.g. IL-2) could help us identi-

fying those Biological Response Modifiers (BRM) that are promising to evaluate
in superficial bladder cancer, and

3 - these type of studies may provide us a clue to which urinary cytokines are impor-
tant for anti-tumour activity and these cytokines could be used themselves as a treat-
ment modality for superficial bladder cancer.

Besides BCG, other BRM’s (e.g. Rubratin, KLH, BCG subfractions, Mycobacterial
cell wall), with highly antigenic properties also have an immunostimulatory potential
and may therefore be used for immunotherapy in superficial bladder cancer.
Rubratin (Nocardia rubra cell wall skeleton) did show an effect in non-urological can-
cers, but De Reijke et al could not demonstrate a clinical effect in patients with super-
ficial bladder cancer nor did this agent induce urinary cytokines to a level comparable
with that observed after BCG.74-77

Olsson already in 1974 observed a reduction on the incidence of recurrences of blad-
der cancers in patients immunized with 5 mg Keyhole Limpet Hemocyanin (KLH)
administered subcutaneously after TUR of low stage bladder cancer.This high-mole-
cular-weight protein antigen has gained more interest only recently, mainly since it has
been registered in several countries for the application in patients with superficial
bladder cancer.78,79 This preparation is collected from the hemolymph of the sea mol-
lusc Megathura crenulata. Clinical studies showed complete response rates in patients
with CIS, diminishing recurrence rates after TUR in an adjuvant setting and also in
pre-treated patients responses (prevention of recurrences) have been observed.80-82 The
major advantage of this BRM is that reported side effects are almost negligible com-
pared with BCG.
Arguing that immunologically active BCG subfractions may replace living BCG,
Zlotta et al recently reported on the immune response eliciting capacity of sub
fractions of BCG: BCG cell wall, plasma membrane and cytosol and purified poly-
saccharides like glucan and arabinomannan, native proteins from BCG culture filtrate,
a recombinant 22kDa protein, and phosphate transporters PstS-2 and-3 proteins.83
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They found that most of these subfractions were able to provide positive stimuli for a
Th1 differentiation and that these were able to enhance cytotoxicity against bladder
tumour cells in vitro. In addition, Reader et al demonstrated that the mycobacterial cell
wall DNA complex prepared from the non-pathogenic micro-organism M.phlei, in-
duced a cell cycle arrest, inhibited cell division and induced apoptosis in bladder can-
cer cell lines.84 Clinically, Morales et al could demonstrate that this mycobacterial cell
wall complex was effective even in refractory CIS patients with a favourable safety
profile.85

A relation between BCG-induced urinary IL2 induction and eventual clinical out-
come has been demonstrated by several independent groups, thus, it could be argued
that this cytokine could be used for local treatment.A major and general disadvantage
of instillation with a particular cytokine is, that compared to BCG instillations, the
cytokine will be present only during the time of instillation in the bladder. Notably,
however, Den Otter et al found complete response rates on a marker lesion in 8 out of
10 patients treated with intravesical recombinant IL2 86 Possibly, the way of treatment
(i.e. not the mere instillation of IL2), resulting in a long dwelling time of this specific
cytokine in the bladder was responsible for these good results.When using these spe-
cific cytokines different effects can be induced, depending on natural versus recom-
binant cytokine and dose instilled both in concentration and in time.
Urinary Interferon-� can be detected during BCG instillations, although its measure-
ment in the urine depends on several prerequisites (e.g. temperature, collection, and
immediate dialysis).87 If these prerequisites are taken into consideration urinary IFN-�
concentrations seemed to be correlated with IL2 during BCG instillations.60 Inter-
ferons (�, �, and (�) contribute to the body’s natural defensive responses to foreign
components, anti-viral, anti-tumour, and immunomodulatory actions.88 In vitro direct
and indirect anti-tumour effects have been demonstrated.89 Clinical studies with diffe-
rent dosages of interferon-� alone and different treatment schedules have been repor-
ted.The overall response rates seem to be disappointing for the prevention of recurrent
tumours, although there could be a place in the treatment of patients with CIS.90-95

Combining BCG with cytokines or with a cytostatic agent has been shown to im-
prove the effectiveness of the therapy, although these results were observed in only
small studies cohorts.96-98

COX-2 inhibitors have been shown to possibly influence the Th1/Th2 ratio, which
could result in a better outcome if combined with BCG, and as a bystander effect the
toxicity profile could be improved, due to its anti-inflammatory mode of action.99 It
also has been demonstrated that COX-2 shows increased expression in transitional cell
cancer (non-invasive, invasive and CIS) and in a canine model a reduction in tumour
volume was found of a human invasive bladder cancer if COX-2 inhibitors were
applied in combination with cisplatin.100,101 The combination of intravesical BCG and
COX-2 inhibitors might thus also be an interesting treatment concept to be explored
in superficial bladder cancer, mainly because this is also a non-toxic therapy.
Gene therapeutic approaches will further develop in the coming years and especially
the bladder is a suitable organ to develop these approaches, since local application is
possible. Suicide gene therapy and cytokine gene therapy are currently explored in
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animal studies alone and in combination.102-104 The advantage of cytokine gene thera-
peutic approaches compared to cytokine instillations seems theoretically the longer
expression time. However, these approaches are only at the beginning and several
potential problems associated with effective gene delivery need to be further refined
before these approaches can be tested in a phase II/III setting.A recent development
to overcome the protective nature of the bladder wall was reported by Yamashita et
al.105 They used a polyamide compound (Syn3) which could significantly enhance ade-
noviral-mediated gene transfer and expression, but more importantly transgene
expression was also detected in normal urothelial cells, which could be important for
prevention of bladder tumour recurrences. Cloning of tumour specific antigens that
can enable the development of antigen specific cancer vaccines eliciting anti-tumour
responses is also being developed. Peptides that specifically target to the bladder have
been developed and it was even feasible to deliver into the bladder autologous ex-vivo
IFN-� activated macrophages.106,107 Relative little effort is invested in the development
of preparing specific vaccines, since in superficial bladder cancer the expression of e.g.
MAGE genes is relatively infrequent.108

In conclusion, no real alternatives to the standard BCG instillations have found their
way into the clinic, yet. Since the anti-tumour mechanism of BCG is known to be
immune-dependent, new treatment options exist of alternative (non-specific) immune
stimulatory agents (preferably non-viable). For the future investigations on cytokine
gene therapy remains an interesting option. In the mean time optimization of BCG
treatment (schedules) is the new field of research, although cancer-specific treatment
modalities are warranted once the anti-tumour mechanism of BCG is identified.
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Chapter 12
Summary

In Chapter 1 the aetiology, clinical aspects, and therapeutic modalities of superficial
bladder cancer are discussed. In the Netherlands approximately 2500 new patients per
year are diagnosed with bladder cancer. The majority will present with a superficial
transitional cell carcinoma (Ta,T1,Tis).An increase in the incidence of cancer of the
urinary bladder is observed as well in man as in women, especially in women this
increase is striking and this is probably explained by the fact that smoking is now also
more popular among women. Smoking is the most important etiological factor for the
development of bladder cancer.The differences in incidence rates of bladder cancer in
the Netherlands could reflect the environmental influence (e.g. industry) for the deve-
lopment of bladder cancer.
The majority of patients present with a superficial bladder cancer for which a trans-
urethral resection is the treatment of choice.The important issue is to decide which
patients need adjuvant treatment in order to prevent recurrences and also which type
of adjuvant therapy (intravesical chemotherapy or immunotherapy). Especially, patients
at intermediate or high risk for recurrence and/or progression (± 50%) are candidates
for adjuvant treatment. The prerequisite of the treatment of bladder cancer is a
standardized complete transurethral resection, all tumours should be resected and
muscle should be present in the transurethral specimen in order to provide the patho-
logist with adequate material to stage the bladder cancer (superficial versus muscle
invasive). Due to the improvement of the endoscopic equipment a better transurethral
resection can be performed nowadays, but standardization of the procedure is still of
utmost importance.Also new techniques, e.g. fluorescence cystoscopy, can be helpful in
identifying lesions (Tis) in the bladder which cannot be seen by the eye of the urologist.
Prognostic factors for recurrence and progression have been identified based on the
evaluation of many randomised trials. Risk factors for recurrence are previous recur-
rence rate, tumour grade and positive cystoscopy at 3 months, for progression risk fac-
tors include tumour stage, tumour grade, the presence of mucosal abnormalities else-
where in the bladder, involvement of the bladder neck and trigone, recurrence rate,
and tumour size.
Based on the presence of these factors a decision can be made whether or not to start
adjuvant treatment. One early chemotherapeutic instillation following a TUR of a
bladder tumour (<24 hours) is indicated in patients with low risk for recurrence,



which is the majority of the patients with superficial bladder cancer. If a patient
belongs to the intermediate risk group for recurrence 6 months of chemotherapeutic
instillations (total number of 9 instillations) are indicated provided the first instillation
was applied within 24 hours after the TUR, otherwise 12 months of instillations (total
number 15 instillations) should be given.
Immunotherapy, using BCG instillations, has been shown to be superior to chemothe-
rapy, especially in patients with high risk for recurrences.The major drawback is the
risk of local and/or systemic side effects and everybody using BCG should be aware of
these side effects and how to treat these.
The exact anti-tumour mechanism of BCG is not known, but the BCG-associated
anti-tumour activity seems to be determined by living BCG bacteria.The first event
that takes place following instillation of BCG into the bladder is the interaction with
the glycosaminoglycan layer, which could prevent, due to its anti-adherence proper-
ties, attachment of BCG to the bladder wall. The second step is the interaction
between BCG and the (tumour) urothelial cells, which may result in an upregulation
of cytokine synthesis, initiating and/or modulating the BCG-induced immune
response.
It has been observed that BCG elicits a local immunostimulation in the bladder by
infiltration of various leukocytes, expression of the immunoregulatory peptides or
cytokines involved in intercellular communication and a coinciding major histocom-
patibility class II antigen induction on urothelial cells.These phenomena might reflect
only the immunological reaction towards BCG rather than the anti-tumour effects.
Besides BCG, several other immunotherapeutic approaches or combination of bio-
logical response modifiers in superficial bladder cancer have been explored, but none
of these have been clinically applied, except intravesical application of keyhole limpet
hemocyanin, which is now registered in The Netherlands for the treatment of super-
ficial bladder cancer, although the scientific background for the treatment schedule is
lacking (as it is for BCG).
Although superficial transitional bladder cancer does not have a major impact on can-
cer mortality, the chance of tumour recurrence and the fear for progression influences
the quality of life of the individual patient. Based on the outcome of well-designed cli-
nical trials risk factors for recurrence and progression have been identified. However,
the adjuvant treatment with chemo -or immunotherapeutic instillations still lacks a
firm fundamental basis. Environmental factors, especially smoking, have been iden-
tified as risk factors for the development of bladder cancer.
However, although BCG instillations have been shown to be effective in reducing the
recurrence rate and reduce or delay progression, the proposed treatment schedule star-
ting with a 6-weekly induction course followed by a 3-weekly maintenance instil-
lation scheme at months 3, 6, 12, 18, 24, 30, and 36 were empirically proposed. Experi-
mental, preclinical and clinical studies have revealed that the anti-tumour effect of
BCG is immune system-dependent; i.e.T-lymphocytes are (somehow) required in the
mode of action. In this dissertation the BCG-induced immune response, evoked as a
result of intravesical BCG treatment was used as a parameter to gain insight in several
aspects of BCG therapy.
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In Chapter 3 the effects of intravesical pre-treatment with pentosan polysulfate on
the BCG-induced immune reaction (PPD skin test, bladder wall infiltrates and num-
ber of cells in the iliac lymph nodes) is described in the guinea pig. Pentosan polysul-
fate is a molecule comparable to the naturally occurring glycosaminoglycans of the
bladder mucosa.The attachment of BCG to the bladder wall and its initiation of an
immunological reaction are not well undersood yet. Fibronectin is considered to play
an important role although other components of the bladder wall could also be invol-
ved.The glycosaminoglycans could have a potential adverse effect on the BCG-indu-
ced immunological reaction due to its anti-bacterial properties. In this study the
BCG-associated immunological parameters were studied after modulating the binding
of BCG to the bladder wall with a glycosaminoglycan-like substance (pentosan poly-
sulfate). Assuming the binding of pentosan polysulfate to the uninjured bladder, a
diminished BCG-induced immune reaction may be expected after pre-treatment with
PPS. In this study we first investigated the binding of pentosan polysulfate to the blad-
der wall and to bacteria and secondly the effects of pre-instillation with pentosan poly-
sulfate on the immune response to instilled BCG in the guinea pig was evaluated.
Pentosan polysulfate was profoundly bound to the bladder wall of the guinea pig, rat
and men. The binding of pentosan polysulfate to bacteria commonly found in the
urine was low contrary to the binding capacity to BCG strains. The effects of pre-
treatment with pentosan polysulfate on the immune system in the guinea pig showed
a significant enhancement.The different binding capacity of pentosan polysulfate to
various BCG strains compared with gram-positive and- negative bacteria, may be
explained by the particular mycobacterial cell wall composition and its constitution of
a high lipid content.These results suggest an enhancement of the effects of BCG in a
pentosan polysulfate pretreated bladder; optimal concentration and mode of appli-
cation of pentosan polysulfate have to be determined.
The mode of action of BCG as an anti-tumour modality is still lacking, the majority
of the available evidence indicates an immune-mediated reaction, associated with local
production of cytokines. Knowledge of the mechanism of interaction of BCG with
the bladder wall that initiates the immunological reaction is inadequate and data on a
possible direct interaction between BCG and normal urothelium and/or tumour cells
are scarce. In Chapter 4 the cytokine production by the human bladder carcinoma
cell line T24 in the presence of BCG was studied. It was demonstrated that, in contrast
to various other bacteria, a 24 hour treatment of the human bladder carcinoma cell
line T24 with BCG upregulated the production of IL-6 and TNF-�, but not of IL-1�
or IL-2. This upregulation was dependent on both concentration and pre-exposure
time to BCG.The current data do not exclude BCG-induced upregulation of IL-6
and TNF-� by other, as yet unidentified mechanism(s) not related to the internali-
sation of BCG. Of these alternative mechanisms, upregulation of IL-6 by product(s)
secreted by BCG into the medium has been excluded in this study.The absence of an
effect of BCG on the rate of total protein synthesis and cell lysis and the absence of
proliferation of T24 cells during the course of the experiments suggest a specific up-
regulation of de novo IL-6 and TNF-� synthesis.The results of this investigation suggest
that cytokines might be produced by urothelial tumour cells and /or normal urothelial
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cells as a result of their interaction with BCG, which may be of importance in the
BCG-associated immune response.
Chapter 5 reports the results of a prospective study in patients with superficial blad-
der cancer treated with BCG studying the importance of the inflammatory response.
An association between the anti-tumour activity and a T cell-dependent mode of
action has been concluded from histological studies and from the absence of response
in tumour-bearing athymic mice. IL-6 plays a major role in the inflammatory reaction,
which cannot be excluded to be a BCG-associated event. In this study a BCG-in-
duced IL-6 response was observed in patients with superficial bladder cancer. The 
IL-6 response could be described by several characteristics, distinguishing the IL-6
response from that of IL-2. First, the transient induction of IL-6 occurred either at a
very early stage of BCG treatment, re-occurring during each subsequent instillation or
during a later phase of therapy. Secondly, the absolute maximum IL-6 titer after instil-
lation correlated with a cellular response, mainly reflected by the number of neutro-
phils. Considering urinary IL-6 secretion paralleled by an increased release of granulo-
cytes to be a conclusive inflammatory response, these parameters were considered
worthwhile for study of the effects of an inflammatory response on the secretion of
additional cytokines. In this study the secretion of urinary IL-2 is associated, but not
strictly correlated, with the occurrence of a preceding inflammatory response. It was
speculated that the anti-tumour activity of BCG was the result of two cooperative
processes, an initial, continuous inflammatory reaction and a T-cell mediated response,
reflected by an increase in the urinary IL-2 titre at a later stage of therapy.Thus, IL-6
response following BCG instillations (kinetics and absolute levels) might be considered
for monitoring as part of a systematic investigation of the BCG-induced immuno-
logical response, as this might provide information regarding dose and/or number of
instillations, adapted to the individual patient.
In chapter 6 the processing conditions and stability of several BCG-induced urinary
cytokines were analysed as was the possible correlation between these cytokines and
bladder tumour recurrence.As has been shown before interferon (IFN)-� could only
be detected in immediately dialysed urine.The urinary cytokines tumour necrosis fac-
tor (TNF)-�, interleukins (IL)-1�, 2, and 6 were evaluated for temperature and cellu-
lar material dependent stability.We demonstrated that TNF-� was unstable at 40 and
200C, and IL-1� and TNF-� determinations were influenced by the presence of cellu-
lar material in the urine at collection. IL-2 and IL-6 were the two urinary cytokines of
choice for monitoring patients with superficial bladder cancer following BCG intra-
vesical instillations, since these two cytokines were stable at 40 and 200C and the pre-
sence of leukocytes in the urine at the time of collection did not influence their quan-
tification. Once these pre-conditions were determined, we decided to use IL-2 for
monitoring patients following BCG instillations, since IL-2 production is restricted to
T-lymphocytes and, as a consequence, IL-2 induction can be considered a sign of
immune responsiveness to intravesical BCG. In a series of 23 patients with superficial
transitional cell carcinoma of the bladder treated for the first time with a 6-week instil-
lation course of BCG it was found that a statistically significant correlation existed
between urinary IL-2 levels and tumour recurrence within 6 months after initiation of
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BCG therapy. The correlation between urinary IL-2 induction with tumour re-
currence at 9 or 12 months decreased, indicating that cytokine induction might be
only predictive for the short-term clinical response.
Since the determination of urinary cytokines requires laborious and expensive tests,
which are not readily available, we looked for other urine parameters that could pre-
dict which patients responded positively to BCG instillations and which patients did
not. In chapter 7 the increase of urinary albumin was therefore evaluated in patients
receiving intravesical BCG instillations. The rationale to determine urinary albumin
levels was that extravasation of serum albumin could be expected as a result of the
BCG-induced delayed type hypersensitivity reaction in the bladder wall and secondly
the appearance of albumin in the urine was a possibility as cytokines also appear in the
urine, although probably after being produced sub-urothelially by infiltrating leukocy-
tes. In 20 patients receiving a 6-weekly BCG instillation course, albumin, and IL-1�,
IL-2, IL-6, and TNF-� were determined in the urine collected prior to each BCG
instillation and 2, 4, 6, 8, 12, and 24 hours thereafter.TNF-� was the first cytokine to
appear in the urine during the 24 hour after BCG instillation followed by IL-2, albu-
min, IL-6 and IL-1�, suggesting an inducing role of TNF-� in capillary leakage resul-
ting in extravasation of albumin, and in urothelial leakage resulting in the appearance
of cytokines and albumin in the urine. Furthermore, a significant correlation was
found between albumin levels and concentration of the cytokines IL-1�, IL-2, IL-6,
and TNF-� following the BCG instillations. Although the correlation between the
elevation of urinary albumin and clinical response remains to be investigated, the
results in this group of 20 patients might suggest a possible association: out of 9
patients with urinary albumin levels above the median after week 6, seven did not have
an early bladder tumour recurrence, and from the 9 patients with urinary albumin
levels below the median after week 6, four had an early recurrence. Since this urinary
albumin determination is cheap and readily accessible these observations should be
easily confirmed in large scale studies.
In chapter 8 we investigated the role of the neutrophil-attracting cytokine IL-8 in
patients with superficial bladder cancer receiving BCG instillations and compared it
with the urinary induction of IL-2 and IL-6. IL-8 belongs to the CXC family of
chemokines and acts as a powerful chemoattractant for neutrophils. Since a rapid in-
flux of neutrophils following BCG instillations is observed in the urine, we considered
that IL-8, produced by urothelial cells in response to BCG exposure, could be respon-
sible for the attraction of these neutrophils. Locally attracted and activated neutrophils
can produce cytokines and proteolytic enzymes, which could possibly result in facili-
tated bladder wall infiltration by leukocytes and/or BCG enhancement of the immu-
ne response. In this manner IL-8 production by urothelial cells might be important for
the subsequent development of an immune response against BCG and associated cli-
nical efficacy. In this study 19 courses of BCG instillations in 16 patients with super-
ficial bladder cancer were studied for the induction of the urinary cytokines IL-2,
IL-6, and IL-8. It was shown that urinary IL-8 was highly stable in urine even after 24
hours incubation at 370 C and following BCG instillations IL-8 appeared very early
compared to IL-6 and IL-2.The data suggested that early IL-8 induction is important
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for subsequent development of an immune response and thus may be, indirectly, invol-
ved in the anti-tumour efficacy of BCG therapy. Its very early appearance and its sta-
bility in urine makes this cytokine an attractive candidate for prognostic purposes, al-
though in this study we did not demonstrate the predictive value of urinary IL-8 for
tumour recurrence.
We have shown in chapter 6 the prognostic significance between urinary IL-2 induc-
tion following a first 6-week instillation course and early tumour recurrence and these
data have later been confirmed by other independent investigators. In chapter 9 uri-
nary IL-2 kinetics in patients with recurrent superficial bladder cancer receiving a
second or third 6-week BCG instillation course or a 3-weekly instillation course
during a maintenance regimen was determined.Twelve patients receiving a second or
third 6-week BCG instillation course and three patients receiving 3 instillations accor-
ding to a maintenance protocol were included in this study.The urinary IL-2 levels in
these patients were higher at an earlier week and this effect was most prominent if the
interval between the consecutive BCG instillation courses was short (12 months or
less). In addition, the results showed significantly lower urinary IL-2 levels at week 6 of
a repeat BCG course in cases with a short interval (12 months or less) between cour-
ses. In those three patients evaluated at month 3 of a BCG maintenance regimen uri-
nary IL-2 already reached a maximum at week 2 with a subsequent decline at week 3,
which could mean that provided that urinary IL-2 induction is associated with anti-
tumour activity, 2 instillations would be sufficient for this scheme.The possible expla-
nation for this apparent downregulation of urinary IL-2 production in patients with a
short interval between the BCG instillations could be the result of regulatory cyto-
kines or changing cytokine production profiles resulting in impairment of immune
function.The Th (helper) 1 and 2 model might help to explain the interrelationship
between the different cytokines. BCG is known to be a potent inducer of the Th 1
response, inducing cell-mediated immunity associated with the production of type 1
cytokines, e.g. IL-2 and IFN-�.The presence of the Th 2 cytokines IL-4 and IL-10 has
been described in urine of patients treated with BCG, although we could not find a
clear pattern for IL-10 and decreasing IL-2 levels.Whether these cytokine imbalances
have a deleterious effect on the anti-tumour activity and whether the downregulation
of urinary IL-2 could lead to early tumour recurrence or even tumour progression
remains to be established.
BCG instillations are effective in preventing tumour recurrence in patients with super-
ficial bladder cancer belonging to the intermediate- or high-risk group.A disadvantage
of BCG instillations is the therapy-induced toxicity, mainly local but sometimes also
life-threatening systemic side effects. Nocardia rubra is a commercially cell wall skele-
ton preparation which has immunostimulating and immunotherapeutic activity in
experimental tumours and in non-urological cancers. In chapter 10 we describe the
immunostimulating activity of Nocardia rubra in 12 patients with superficial bladder
cancer and compared urinary cytokine induction, leukocyte influx and phenotype
analysis of the lymphocyte fraction of these leukocytes with that of BCG. Immuno-
stimulation could be achieved by intravesical instillation of Nocardia rubra using the
same 6-week scheme as described for BCG. Significantly elevated amounts of IL-1�,
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IL-6,TNF-� and leukocytes were observed in urine samples, whereas a trend for an
increase was found for IL-2. FACS analysis of lymphocytes obtained from urine sam-
ples suggested that T-cell activation may be induced and CD4:CD8 cell ratios can be
increased after Nocardia rubra treatment. However, immunostimulation by Nocardia
rubra was considerably less than that by BCG. Phenotypic analysis suggested a T-cell
activation was induced by Nocardia rubra, but contrary to BCG, no correlation could
be demonstrated between phenotypic T-cell activation and the amount of urinary
cytokines.This finding might be explained by the considerable lower amounts of uri-
nary leukocytes induced by Nocardia rubra compared with BCG. This was also re-
flected in the absence of clinical efficacy in the 12 patients treated with Nocardia
rubra, no disappearance of the marker lesion (n=4) and 8 out of 8 patients had an early
tumour recurrence. An explanation for this reduced activity might be the fact that
Nocardia rubra consists of cell wall skeleton only, while BCG contains viable bacteria.
This could perhaps also explain that none of the patients treated with Nocardia rubra
reported local or systemic side effects.
In chapter 11 the challenges for the future are discussed.What has been achieved in
preventing the side effects of BCG therapy, especially those side effects induced during
the maintenance regimen as advocated for the high-risk tumours? Some groups have
stated that the side effects induced by the BCG instillations are a sign of effectiveness
of the treatment. It has now been demonstrated that side effects cannot be considered
as a prognosticator for eventual efficacy of the BCG therapy. Diminishing the dose of
BCG has been proposed by several groups, but it is still questionable if this approach
will not compromise the final outcome especially in patients with a superficial bladder
cancer with high-risk characteristics. Based on immunological fundamentals de-
creasing the frequency of BCG instillations could be more appropriate compared with
reducing the dose per instillation. In an animal model with a BCG instillation at weeks
1 and 6 only a comparable Th1 response was found, but this was associated with a
lower Th 2 response, which could theoretically result in a better anti-tumour activity.
Combination of BCG instillation with INH to prevent side effects has been shown
not to be efficacious. Perhaps the genetically engineered recombinant BCG could be
used in a lower dose, resulting in a better toxicity profile.
Since the immunological reactions induced in a patient under BCG treatment are
individually different and most of these factors that influence these reactions are un-
known we have to rely on factors that are not directly tumour specific. It has now been
independently demonstrated that several local and systemic immune reactions occur
during the intravesical treatment with BCG. Measurement of local immune reactions
is a logical step since we are dealing with a local therapy for localised tumours. Based
on the outcome of our findings in the urine of patients treated with BCG, the urinary
cytokines IL-2 and IFN-� could be detected in patients showing a favourable re-
sponse. During long-term instillations or maintenance instillations with a short inter-
val these Th1 cytokines were counter-regulated by IL-4, IL-5, and IL-10, cytokines of
the Th2 type. It would thus be reasonable to stop further instillations once an optimal
level of the Th1 cytokines has been detected in the urine of a specific patient. The
development of semi-quantitative test reagent strips would thus be very helpful in
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deciding in which patient to continue or to stop treatment. In this way an individua-
lised therapy could be offered.
The development of an alternative therapy to BCG is another option. Several agents
have been investigated: Rubratin (Nocardia rubra cell wall skeleton) did not show effi-
cacy in urological tumours.We could not show clinical efficacy and also the immuno-
logical response was less compared with that seen following BCG. Keyhole Limpet
Hemocyanin (KLH) did show clinical efficacy, immunological data are not available,
but the advantage of this BRM is the absence of toxicity. Immunological active BCG
subfractions have been shown to provide positive stimuli for a Th 1 differentiation and
these were able to enhance cytotoxicity against bladder tumour cells in vitro and
recently encouraging clinical responses have been reported using a mycobacterial cell
wall complex in patients with a favourable toxicity profile.
Urinary IL-2 and IFN induction during BCG therapy is correlated with a favourable
outcome in patients with superficial bladder cancer.The instillation of IL-2 is thus a
logical step and in a small group of patients a positive response on a marker lesion was
demonstrated. However, these observations have to be confirmed and also the way of
application of the specific cytokine should be defined.The same applies for interferon
instillations, which have been used as a single or combined therapeutic approach in
small groups of patients. Recently, the interest of COX-2 inhibitors has emerged since
these agents can possibly influence the Th1/Th2 ratio and thus combination treatment
with BCG could improve the outcome and perhaps influence the toxicity profile in a
positive way due to its anti-inflammatory mode of action.These agents are especially
interesting also in bladder cancer since an increased expression has been demonstrated
in transitional cell cancer.
Finally, the gene therapeutic approaches will further develop in the near future and
superficial bladder cancer is an extremely interesting model since local application is
possible once the issue of effective gene delivery has been solved. Suicide gene thera-
py and cytokine gene therapy are the two approaches currently explored mainly.The
theoretical advantage of suicide gene therapy is the longer expression time. Besides the
effective gene delivery also the protective nature of the bladder wall has to be over-
come.Antigen-specific cancer vaccine therapy is also being investigated through clo-
ning of tumour-specific antigens. Peptides that specifically target to the bladder have
been developed and it was even feasible to deliver into the bladder autologous ex vivo
IFN-� activated macrophages.
For the near future BCG will remain the treatment of choice in intermediate- and
high-risk patients but optimization of BCG treatment (schedules) is the new field of
research, although cancer-specific treatment modalities are warranted once the anti-
tumour mechanism of BCG is identified. For the far future investigations on cytokine
gene therapy remains an interesting option.
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Chapter 13
Samenvatting

In hoofdstuk 1 wordt ingegaan op de etiologie, klinische aspecten en therapeutische
mogelijkheden voor het oppervlakkige blaascarcinoom. In Nederland wordt bij onge-
veer 2500 patiënten per jaar de diagnose van een blaascarcinoom gesteld. Het meren-
deel van de patiënten presenteert zich met een oppervlakkig overgangsepitheelcelcar-
cinoom (Ta,T1,Tis). Zowel bij mannen als bij vrouwen wordt er de laatste jaren een
toename gezien in de incidentie van het blaascarcinoom, vooral bij vrouwen is deze
toename duidelijk aangezien het roken onder vrouwen duidelijk toegenomen is in de
laatste decennia. Roken wordt als de belangrijkste oorzaak beschouwd voor het ont-
staan van een blaascarcinoom. Het verschil in het voorkomen van blaascarcinoom bin-
nen Nederland kan verklaard worden door omgevingsfactoren, bijvoorbeeld rond
gebieden waar de zware industrie gevestigd is, wordt een duidelijk hogere incidentie
gezien van het blaascarcinoom.
Patiënten waarbij een blaascarcinoom is vastgesteld, zullen een transurethrale resectie
van deze tumor(en) ondergaan. Het is vervolgens belangrijk om na deze transurethrale
resectie te beslissen of een adjuvante behandeling ter voorkoming van een recidief-
tumor noodzakelijk is. Indien geen aanvullende behandeling wordt ingesteld na de
transurethrale resectie is de kans op een recidief tumor hoog, afhankelijk van een aan-
tal prognostische factoren. Daarnaast is het ook belangrijk welk type van adjuvante
behandeling nodig is (chemotherapie of immunotherapie via intravesicale spoelingen).
Vooral patiënten met een blaastumor welke behoort tot de categorie waarbij de kans
op recidief en/of progressie hoog is (ongeveer 50% van de patiënten) zijn kandidaat
voor deze adjuvante blaasspoelingen. De voorwaarde voor het nemen van een goede
beslissing hieromtrent is een gestandaardiseerde complete resectie van de blaas-
tumor(en), waarbij in het resectiemateriaal spier aanwezig moet zijn, opdat de patho-
loog-anatoom voldoende materiaal in handen heeft om de tumor goed te kunnen sta-
diëren (oppervlakkige versus spier-invasieve tumor). Dankzij een verbetering van het
endoscopische materiaal kan tegenwoordig een betere transurethrale resectie worden
uitgevoerd, maar standaardisatie is nog steeds zeer belangrijk. Daarnaast zijn ook
nieuwe technieken, zoals de fluorescentie cystoscopie, van waarde gebleken om laesies
in de blaas te identificeren, welke met het blote oog niet gezien kunnen worden (bijv.
Tis). Prognostische factoren voor het ontstaan van een recidief tumor of progressie van
een oppervlakkige tumor naar een spier-invasieve tumor zijn geïdentificeerd op basis
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van de uitkomsten van meerdere gerandomiseerde studies bij patiënten met een
oppervlakkig blaascarcinoom. Risico factoren voor het optreden van een recidief
tumor zijn tumorstadium, tumorgraad, en een positieve cystoscopie na 3 maanden,
risicofactoren voor progressie zijn tumorstadium, tumorgraad, de aanwezigheid van
blaasslijmvlies afwijkingen elders in de blaas, tumor ter plaatse van de blaashals en tri-
gonum, recidief frequentie en tumorgrootte.
Op basis van de aanwezigheid van een of meerdere van deze genoemde risico factoren
kan men een beslissing nemen om de patiënt adjuvant te gaan behandelen. Het is aan-
getoond dat slechts 1 intravesicale instillatie met een chemotherapeuticum binnen 24
uur na een transurethrale resectie bij patiënten met een laag-risico blaastumor de kans
op een recidief tumor met 50% doet afnemen. Gelukkig behoort de meerderheid van
de patiënten tot deze groep.Wanneer een patiënt een gematigd risico heeft voor het
ontwikkelen van een recidief tumor, zijn instillaties met een chemotherapeuticum
geïndiceerd gedurende 6 maanden indien de eerste instillatie vroeg gegeven wordt na
de transurethrale resectie (<24 uur), indien deze eerste instillatie op een later tijdstip
plaatsvindt, kan men beter gedurende 12 maanden intravesicale spoelingen geven om
een zelfde resultaat te verkrijgen.
Immuuntherapie middels intravesicale instillaties met BCG geven een beter resultaat
dan chemotherapeutische instillaties vooral in de patiëntengroep met hoog-risico fac-
toren voor recidief of progressie. Een belangrijk nadeel van deze BCG instillaties zijn
de lokale en/of systemische bijwerkingen en iedere uroloog, die patiënten met BCG
behandelt dient op de hoogte te zijn van deze bijwerkingen en vooral ook hoe te han-
delen wanneer deze bijwerkingen optreden. Het exacte anti-tumor mechanisme van
BCG is niet bekend tot op heden, maar de BCG-geassocieerde anti-tumor activiteit
wordt waarschijnlijk bepaald door de levende BCG bacteriën. De eerste reactie welke
optreedt na een intravesicale instillatie met BCG is de interactie tussen BCG en de
glycosaminen glycaan laag van het blaasslijmvlies. Deze specifieke laag heeft op zich
eigenschappen waardoor bepaalde stoffen/bacteriën zich niet aan de blaas zullen
hechten en deze laag kan dus ook potentieel de hechting van BCG bacteriën aan de
blaaswand verhinderen. De tweede stap is de interactie tussen BCG en de tumor/uro-
theliale cellen, welke tot gevolg kan hebben dat er een toegenomen cytokine synthese
ontstaat, welke aanzet en/of mogelijk maakt dat er een BCG-geïnduceerde immuun
respons optreedt.
Het werd aangetoond dat BCG aanzet tot een lokale immuunstimulatie in de blaas
middels infiltratie van verschillende leukocyten, expressie van immuunregulerende
peptiden of cytokines welke een rol spelen bij de intercellulaire communicatie en een
bijkomende inductie van MHC II antigenen op de urotheliale cellen. Deze gebeur-
tenissen zijn waarschijnlijk een uiting van een immunologische reactie tegen BCG en
hoeven niet gerelateerd te zijn aan een anti-tumor effect.
Naast BCG is ook gekeken naar andere immuuntherapeutische benaderingen of com-
binatie behandelingen van Biological Response Modifiers bij de behandeling van het
oppervlakkige blaascarcinoom, maar geen van deze behandelingen heeft tot nu toe de
weg naar de kliniek gevonden, behalve de behandeling met Keyhole Limpet Hemo-
cyanin (KLH), een middel dat nu ook in Nederland geregistreerd is voor de behande-
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ling van patiënten met een oppervlakkig blaascarcinoom, hoewel een wetenschappe-
lijke basis voor het behandelingsschema met KLH ontbreekt (zoals overigens ook voor
BCG).
Hoewel de kans om te overlijden aan het oppervlakkige blaascarcinoom zeer gering is,
zijn de kans dat een patiënt een recidief tumor ontwikkelt en de angst voor de ont-
wikkeling van een spier-invasieve tumor, factoren welke de kwaliteit van leven bij de
individuele patiënt nadelig kunnen beïnvloeden. De individuele patiënt kan tegen-
woordig wel ingelicht worden betreffende de risico’s op recidief en/of progressie van
de oppervlakkige blaastumor aan de hand van de kenmerken van de tumor die hij/zij
heeft. Uiteraard zullen ook etiologische factoren besproken dienen te worden welke
een rol spelen bij het ontstaan van en blaascarcinoom.
Ondanks het feit dat BCG instillaties zeer effectief gebleken zijn in het reduceren van
de recidief frequentie en het uitstellen of voorkomen van progressie, is het gangbare
instillatie schema volkomen arbitrair en niet gestoeld op enige wetenschappelijk vali-
de basis. Experimentele, pre-klinische en klinische studies hebben aangetoond dat het
anti-tumor effect van BCG immuunsysteem afhankelijk is: T-lymfocyten zijn op de
een of andere manier vereist voor het werkingsmechanisme. In dit proefschrift wordt
de BCG geïnduceerde immuun respons, welke optreedt als gevolg van de intravesicale
instillaties, gebruikt als een parameter welke inzicht moet verschaffen in de diverse
stappen van de BCG therapie.
In hoofdstuk 3 worden de effecten beschreven van een intravesicale voorbehandeling
met pentosan polysulfaat op de BCG geïnduceerde immuun respons (PPD huidtest,
blaaswand infiltraten en aantal cellen in de iliacale lymfeklieren). Pentosan polysulfaat
is een molecuul dat vergelijkbaar is met de natuurlijk aanwezige glycosaminoglycanen
in het blaasslijmvlies. Hoe de hechting van het BCG aan de blaaswand en het in gang
zetten van een daaropvolgende immunologische reactie verloopt, zijn tot op heden
nog niet opgehelderde processen. Fibronectine lijkt een belangrijke rol te spelen hier-
bij, hoewel andere componenten van de blaaswand ook betrokken kunnen zijn bij dit
proces. De glycosaminoglycanen zouden een negatief effect kunnen hebben op de
BCG geïnduceerde immuun reactie vanwege de antibacteriële eigenschappen van
deze glycosaminoglycanen. In deze studie werden de BCG geassocieerde immuno-
logische parameters gemeten nadat de blaas voorbehandeld was met een op glyco-
saminoglycaan gelijkend preparaat (pentosan polysulfaat). Er werd van uitgegaan dat
pentosan polysulfaat aan de niet-beschadigde blaas hecht, wat tot gevolg zou kunnen
hebben dat de BCG geïnduceerde immuun reactie afgenomen zou zijn na voorbe-
handeling met pentosan polysulfaat.Allereerst onderzochten we de binding van pen-
tosan polysulfaat aan de blaaswand en aan diverse bacteriën en vervolgens werden de
effecten van een voorbehandeling van pentosan polysulfaat op de immuun respons na
BCG instillatie in de cavia bestudeerd. Pentosan polysulfaat werd goed gebonden aan
de blaaswand van de cavia, rat en mens. De binding van pentosan polysulfaat aan bac-
teriën welke frequent bij de mens gezien worden was laag in tegenstelling tot de bin-
ding van pentosan polysulfaat aan BCG. De effecten van een voorbehandeling van de
blaas met pentosan polysulfaat op de immuunreactie in de cavia toonden een duide-
lijke toename van deze reactie. Het verschil in de binding van pentosan polysulfaat
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tussen de verschillende BCG stammen en de grampositieve en -negatieve bacteriën
kunnen verklaard worden door de specifieke samenstelling van de celwand van de
mycobacteriën en het hoge lipide gehalte. Deze resultaten suggereren een toename
van de door BCG geïnduceerde effecten indien de blaas voorbehandeld is met pento-
san polysulfaat; de optimale concentratie en de wijze van toediening van pentosan
polysulfaat zijn echter nog factoren welke nader onderzoek behoeven.
Het werkingsmechanisme van BCG als een anti-tumor middel is nog steeds niet
opgehelderd, vele onderzoeken wijzen in de richting van een immuun gemedieerde
reactie, geassocieerd met een lokale productie van cytokines. Kennis van het mecha-
nisme van de interactie van BCG met de blaaswand welke een immunologische reac-
tie uitlokt is onvoldoende en gegevens met betrekking tot een mogelijk directe inter-
actie tussen BCG en normaal urotheel en/of tumorcellen is spaarzaam. In hoofdstuk
4 wordt een onderzoek gepresenteerd aangaande de cytokine productie bij een
humane blaaskanker cellijn T24 in de aanwezigheid van BCG. Er werd gevonden dat,
in tegenstelling tot verschillende andere bacteriën een behandeling gedurende 24 uur
van deze humane blaaskanker cellijn T24 met BCG de productie van IL-6 en TNF-�
deed toenemen, maar de productie van IL-1� en IL-2 nam niet toe. Deze toename in
de cytokine productie was zowel afhankelijk van de concentratie en duur van expo-
sitie aan BCG. Deze nieuwe bevindingen sluiten niet uit dat de toegenomen produc-
tie van IL-6 en TNF-� wordt geïnduceerd door andere mechanismen, welke nog niet
geïdentificeerd zijn en welke niet gerelateerd zijn aan de internalisatie van het BCG.
Eén van deze alternatieve mechanismen, zoals een toegenomen productie van IL-6
door producten welke door het BCG in het medium zijn uitgescheiden, werd in deze
studie uitgesloten. De afwezigheid van een effect van het BCG op de hoeveelheid
eiwitsynthese en cellysis en de afwezigheid van proliferatie van T24 cellen tijdens de
duur van de experimenten doen een specifieke toename van de novo synthese van IL-
6 en TNF-� vermoeden. De resultaten van deze onderzoeken suggereren dat cytoki-
nes geproduceerd worden door de urotheliale tumorcellen en/of normale urotheliale
cellen ten gevolge van de interactie van deze cellen met het BCG,wat weer van belang
kan zijn voor de BCG geassocieerde immuun respons.
Hoofdstuk 5 belicht de resultaten van een prospectieve studie bij patiënten met een
oppervlakkig blaascarcinoom die behandeld werden met BCG en bij wie de eventuele
noodzaak van een inflammatoire respons werd bekeken. Een verband tussen de anti-
tumor activiteit en een T-cel afhankelijke werking was aangetoond aan de hand van
histologische studies en op basis van een afwezige immuun respons bij de naakte muis
met een tumor. IL-6 speelt een belangrijke rol bij een inflammatoire reactie, en het
kan niet uitgesloten worden dat deze reactie BCG geassocieerd is. In dit onderzoek
werd een BCG-geïnduceerde IL-6 respons gevonden bij patiënten met een opper-
vlakkig blaascarcinoom. Deze IL-6 respons kan beschreven worden aan de hand van
verschillende karakteristieken, waardoor de IL-6 respons zich onderscheidt van de IL-
2 respons.Ten eerste, de voorbijgaande inductie van IL-6 trad ofwel op in een vroeg
stadium van de BCG behandeling, terwijl deze wederom optrad tijdens iedere volgen-
de BCG instillatie of deze respons trad op tijdens een latere fase van de BCG behan-
deling.Ten tweede, de absolute maximale IL-6 titer na de BCG instillaties correleerde
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met een cellulaire respons, hoofdzakelijk gekenmerkt door de neutrofielen. Ervan uit-
gaande dat de IL-6 secretie een gelijk verloop vertoonde met het optreden van granu-
locyten, wat beschouwd kan worden als een inflammatoire respons, suggereert dat
deze parameters beschouwd kunnen worden voor een studie van de effecten van een
inflammatoire respons op de secretie van andere cytokines. In deze studie was de
secretie van IL-2 geassocieerd, maar niet echt gecorreleerd met het optreden van een
inflammatoire reactie. Men kan daarom speculeren dat de anti-tumor activiteit van
BCG het resultaat is van twee achtereenvolgende processen, een initiële, continue
inflammatoire reactie en een T-cel gemedieerde respons, welke tot uiting komt door
een in een later stadium optredende IL-2 toename in de urine. IL-6 respons na BCG
instillaties (kinetiek en absolute waarden) kunnen dus gebruikt worden voor het ver-
volgen van patiënten als onderdeel van een systematisch onderzoek van de BCG geïn-
duceerde immuun respons en dit kan dan weer aanleiding zijn om de dosis van de
BCG instillatie en/of het aantal instillaties aan de individuele patiënt aan te passen.
In hoofdstuk 6 worden de voorwaarden beschreven voor het bepalen van de BCG
geïnduceerde cytokines in de urine en ook wordt de stabiliteit van deze cytokines
onderzocht.Vervolgens wordt er gekeken of er een correlatie bestaat tussen deze BCG
geïnduceerde cytokines in de urine en het optreden van een recidief blaastumor. Het
was al eerder aangetoond dat interferon (IFN)-� slechts aangetoond kon worden in
urine welke onmiddellijk gedialyseerd was. De in de urine aantoonbare cytokines
Tumor Necrose Factor (TNF)-�, Interleukines (IL)-1�, -2 en -6 werden onderzocht
voor wat betreft de invloed van temperatuur en de aanwezigheid van celmateriaal in
de urine op hun stabiliteit.We konden aantonen dat TNF-� instabiel was bij een tem-
peratuur van 40 en 200 C, IL-1� en TNF-� spiegels waren afhankelijk van de
aanwezigheid van celmateriaal in de urine ten tijde van de verzameling. IL-2 en IL-6
waren de twee cytokines welke het minst afhankelijk waren van temperatuur (stabiel
bij 40 en 200 C) en aanwezigheid van celmateriaal (geen invloed op titer).We besloten
daarom dat deze twee cytokines gebruikt konden worden voor het vervolgen van
patiënten die BCG instillaties kregen. Nadat we deze voorwaarden voor het bepalen
van cytokines in de urine hadden vastgesteld, hebben we uiteindelijk IL-2 gebruikt
voor het vervolgen van patiënten met een oppervlakkig blaascarcinoom, die behan-
deld werden met BCG, omdat IL-2 productie gerelateerd is aan de T-lymfocyten en als
gevolg daarvan kan IL-2 inductie beschouwd worden als een teken van een immuun
respons na BCG instillaties. In een serie van 23 patiënten die voor de eerste keer een
behandeling kregen met intravesicale BCG instillaties gedurende 6 weken vonden we
een significante correlatie tussen de IL-2 titer en tumor recidief binnen 6 maanden na
BCG therapie. Een correlatie tussen IL-2 titers in de urine en tumor recidief na 9 en
12 maanden was niet aanwezig, wat als teken gezien kan worden dat deze cytokine
inductie alleen iets zegt over de repons op korte termijn.
Omdat het bepalen van cytokines in de urine bewerkelijk en kostbaar is en omdat de
uitslag van deze test niet direct ter beschikking staat van de clinicus, was reden om te
zoeken naar andere parameters welke de clinicus in staat zouden kunnen stellen om
direct te beoordelen of een patiënt wel of niet op de BCG therapie respondeert. In
hoofdstuk 7 hebben we daartoe de albumine spiegels in de urine bepaald van patiën-
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ten die met BCG behandeld werden. De reden om albumine spiegels in de urine te
onderzoeken was gebaseerd op de vooronderstelling dat er een extravasatie op zou tre-
den van albumine als gevolg van de BCG geïnduceerde “delayed type” overgevoelig-
heid reactie in de blaaswand en ook omdat het te verwachten was dat naast de cyto-
kines ook albumine in de urine zou verschijnen onder BCG therapie, hoewel deze
cytokines waarschijnlijk pas in de urine verschijnen nadat deze suburotheliaal door
infiltrerende leukocyten geproduceerd zijn. Bij 20 patiënten die gedurende 6 weken
een instillatie met BCG kregen, werden albumine, IL-1�, IL-2, IL-6 en TNF-�
bepaald in de urine vóór iedere BCG instillatie en na 2, 4, 6, 8, 12 en 24 uur.TNF-�
was het eerste cytokine dat aangetoond kon worden in de urine tijdens de 24 uur na
BCG behandeling, gevolgd door IL-2, albumine, IL-6 en IL-1�, wat suggereert dat
TNF-� een inducerende rol speelt voor een capillaire lekkage wat vervolgens leidt tot
extravasatie van albumine en een urotheliale lekkage wat ertoe leidt dat cytokines en
albumine in de urine verschijnen. Daarnaast werd ook een significante correlatie aan-
getoond tussen de albumine spiegels in de urine en de concentratie van de cytokines
IL-1�, IL-2, IL-6 en TNF-� na de BCG instillaties. Hoewel de correlatie tussen de
titer van albumine in de urine en de uiteindelijke klinische respons nog niet duidelijk
is, doen de resultaten in de groep van 20 patiënten wel een mogelijke associatie ver-
moeden, namelijk van de 9 patiënten met albumine spiegels boven de mediaan na
week 6 hadden 7 patiënten geen recidief blaastumor, en van de 9 patiënten met een
albumine spiegel onder de mediaan hadden 4 patiënten een tumor recidief.Omdat het
bepalen van albumine een snelle en goedkope methode is welke in ieder ziekenhuis
verricht kan worden, maakt het mogelijk dat deze test gebruikt kan gaan worden voor
het vervolgen van patiënten in studies met BCG.
In hoofdstuk 8 hebben we de rol onderzocht van het cytokine IL-8 (“neutrophyl-
attracting cytokine”) bij patiënten met een oppervlakkig blaascarcinoom die BCG
blaasspoelingen kregen. Deze IL-8 inductie werd tevens vergeleken met IL-2 en IL-6
inductie onder BCG therapie. IL-8 behoort tot de CXC familie van chemokines en
gedraagt zich als een belangrijke stof die neutrofielen aantrekt. Omdat na BCG instil-
laties een snel stijgende spiegel van neutrofielen wordt gezien in de urine, was de ver-
onderstelling dat IL-8, geproduceerd door urotheliale cellen na BCG instillatie, ver-
antwoordelijk zou kunnen zijn voor deze aantrekking van neutrofielen. Lokaal
aangetrokken en geactiveerde neutrofielen kunnen op hun beurt weer cytokines en
proteolytische enzymen produceren, wat als resultaat heeft dat mogelijk de blaaswand
gemakkelijker geïnfiltreerd wordt door leukocyten en/of een verhoogde immuun
respons door BCG bewerkstelligt. Op deze wijze kan IL-8 productie door de uro-
theliale cellen een belangrijke rol spelen voor de navolgende ontwikkeling van een
immuun respons en daarmee gepaard gaande klinische respons. In dit onderzoek wer-
den 19 instillatie schema’s van 6 weken bij 16 patiënten met een oppervlakkig blaas-
carcinoom onderzocht met betrekking tot de inductie van IL-2, IL-6 en IL-8 in de
urine. IL-8 bleek zeer stabiel te zijn in de urine, zelfs 24 uur na incubatie bij een tem-
peratuur van 370 C. Na de BCG instillaties werd IL-8 zeer vroeg aangetoond in de
urine in vergelijking met IL-2 en IL-6. Deze resultaten suggereren dat een vroege 
IL-8 productie belangrijk is voor een navolgende ontwikkeling van een immuun
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respons en dit zou een aanwijzing kunnen zijn dat dit cytokine indirect betrokken is
bij de anti-tumor activiteit van BCG therapie. Omdat dit cytokine zo vroeg in de
urine aangetoond kan worden na BCG instillaties en ook het feit dat dit cytokine zeer
stabiel is, maakt het een aantrekkelijk kandidaat cytokine voor prognostisch doel-
einden, hoewel we in deze studie geen voorspellende waarde van dit cytokine konden
aantonen met betrekking tot een tumor recidief.
In hoofdstuk 6 hebbeen we de prognostische betekenis aangetoond voor IL-2 in de
urine na BCG instillaties wat betreft een vroeg tumor recidief bij patiënten die een
eerst 6-wekelijkse behandeling met BCG kregen, wat later ook onafhankelijk door
andere onderzoeksgroepen bevestigd werd. In hoofdstuk 9 wordt de kinetiek van IL-
2 in de urine onderzocht bij patiënten met een recidief blaascarcinoom die een
tweede of derde 6-wekelijkse BCG instillatie krijgen of een 3-wekelijks schema in het
kader van een onderhoudsbehandeling met BCG.Twaalf patiënten kregen een tweede
of derde 6-wekelijks instillatie schema en drie patiënten kregen 3 BCG instillaties in
het kader van een onderhoudsschema. De IL-2 spiegels in de urine waren hoger op
een eerder tijdstip van de 6 weken in vergelijking met de IL-2 spiegels van patiënten
die een eerste 6-wekelijks BCG schema kregen. Dit effect was met name aanwezig bij
patiënten waarbij het interval tussen de opeenvolgende 6-wekelijkse BCG instillaties
kort was (<12 maanden).Tevens werd aangetoond dat de IL-2 spiegels in de urine sig-
nificant lager waren op week 6 van de BCG instillaties bij een herhaald BCG 6-weke-
lijks schema, voornamelijk wanneer het interval tussen de opeenvolgende instillaties
kort was (<12 maanden). Bij de drie patiënten die geëvalueerd werden op maand drie
van een onderhoud BCG schema bereikte het IL-2 in de urine al een piek op week 2
met daaropvolgend een lagere IL-2 spiegel op week 3, wat erop zou kunnen wijzen
dat twee BCG instillaties bij een onderhoudsschema voldoende zijn mits IL-2 induc-
tie in de urine geassocieerd is met een anti-tumor activiteit. Deze lagere IL-2 spiegels
in de urine (“downregulatie”) bij patiënten met een kort interval tussen opeen-
volgende BCG instillaties zou verklaard kunnen worden door regulerende cytokines
of een veranderd cytokine productie profiel wat leidt tot een veranderde immuun
functie. Het T helper (h) 1 en 2 model is een mogelijke verklaring voor de onderlinge
relatie tussen de verschillende cytokines.Van BCG is bekend dat het een krachtige
inducer is van de Th 1 respons, het induceert een cel gemedieerde immuniteit gepaard
aan de productie van Th 1 cytokines, zoals IL-2 en IFN-�. De aanwezigheid van de Th
2 cytokines IL-4 en IL-10 is beschreven in urine van patiënten die met BCG behan-
deld werden, hoewel wij geen duidelijk patroon konden vinden voor IL-10 en afne-
mende IL-2 spiegels in de urine. Of deze veranderde verhouding in de cytokines van
Th1 en 2 type ook een nadelig effect heeft op de anti-tumor activiteit en of deze
“downregulatie” van IL-2 in de urine aanleiding kan geven tot recidief tumor groei of
zelfs tumor progressie is niet duidelijk.
BCG blaasinstillaties zijn effectief gebleken met betrekking tot het voorkomen van
een tumor recidief bij patiënten met een oppervlakkig blaascarcinoom die een matig
of hoog risico hebben. Een nadeel van de BCG instillaties zijn de therapie geïndu-
ceerde bijwerkingen, meestal betreft het lokale bijwerkingen maar soms wordt ook
een levensbedreigende systemische toxiciteit gezien. Nocardia rubra is een commer-
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cieel preparaat bestaande uit een celwand skelet, waarvoor immuun stimulerende en
immuun therapeutische effecten zijn aangetoond bij experimentele tumoren en ook
bij niet-urologische maligniteiten. In hoofdstuk 10 beschrijven we de immuun
stimulerende activiteit van Nocardia rubra bij 12 patiënten met een oppervlakkig
blaascarcinoom en vergelijken we de cytokine inductie in de urine, de leukocyten in-
flux en fenotypische analyse van de lymfocyten fractie van deze leukocyten met deze
door BCG geïnduceerde effecten. Immuun stimulatie werd aangetoond wanneer
Nocardia rubra in de blaas geïnstilleerd werd in een 6-wekelijks schema zoals ook
gebruikt wordt voor BCG. Significant toegenomen hoeveelheden IL-1�, IL-6,TNF-
� en leukocyten werden gevonden in de urine, terwijl er een trend voor toegenomen
hoeveelheid IL-2 werd gezien. FACS analyse van de lymfocyten verkregen uit de
urine suggereerde dat T-cel activatie geïnduceerd werd en dat de CD4 :CD8 ratio ver-
hoogd kan zijn na Nocardia rubra behandeling. De immuun stimulatie onder Nocar-
dia rubra was echter duidelijk geringer dan welke gezien wordt na BCG therapie.
Fenotypische analyse suggereerde een T-cel activatie welke geïnduceerd werd door
Nocardia rubra, maar in tegenstelling tot BCG kon geen correlatie aangetoond wor-
den tussen fenotypische T-cel activatie en de hoeveelheid cytokines in de urine. Deze
bevindingen kunnen verklaard worden op basis van de duidelijk geringere hoeveel-
heden van leukocyten in de urine na Nocardia rubra instillaties in vergelijking met
BCG. Deze verminderde immuun respons uitte zich ook in een mindere klinische
respons, bij de 12 patiënten werd namelijk geen effect gezien op een marker laesie
(n=4) en bij de overige 8 patiënten werd in alle gevallen een vroeg tumor recidief
gevonden. Een verklaring voor deze verminderde effectiviteit kan zijn dat Nocardia
rubra uit een celwand skelet bestaat, terwijl BCG levende bacteriën bevat. Dit ver-
klaart waarschijnlijk ook dat bij geen enkele patiënt die met Nocardia rubra werd
behandeld een lokale of systemische toxiciteit werd gevonden.
In hoofdstuk 11 worden de uitdagingen voor de toekomst besproken.Wat hebben
we bereikt met betrekking tot het voorkomen van bijwerkingen onder BCG behan-
deling en dan vooral het voorkomen van die bijwerkingen welke gezien worden tij-
dens de onderhoudsbehandeling, een therapie welke geadviseerd wordt bij hoog risico
tumoren? Sommige onderzoekers hebben beweerd dat het optreden van bijwerkingen
onder BCG therapie een uiting zijn voor het aanslaan van de BCG behandeling
(“zonder bijwerkingen geen effect van BCG”). Het is recentelijk aangetoond dat bij-
werkingen niet beschouwd kunnen worden als een prognostisch teken voor BCG
effectiviteit. Het verminderen van de BCG dosis tot 1/3 of 1/4 is aangeraden om de
kans op bijwerkingen te verminderen, maar het is nog steeds niet duidelijk of deze
benadering het uiteindelijke resultaat van de BCG therapie nadelig beïnvloedt en dat
geldt vooral in de categorie patiënten die in de hoog risico groep vallen. Op basis van
immunologische principes zou het verminderen van de frequentie van BCG instilla-
ties een betere aanpak kunnen zijn vergeleken met het verminderen van de dosis BCG
per instillatie. In een diermodel konden wij een vergelijkbare Th1 respons aantonen
indien BCG slechts op week 1 en 6 gegeven werd, opvallenderwijs was de Th 2
respons lager in dit geval, wat theoretisch een beter anti-tumor effect zou kunnen
geven.
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Combinatie van BCG met INH ter voorkoming van bijwerkingen bleek niet effectief.
Misschien dat genetisch vervaardigd recombinant BCG in de nabije toekomst
gebruikt zou kunnen worden in een lagere dosis met daarbij een beter toxiciteits-
profiel.
Omdat de immunologische reacties welke bij een patiënt geïnduceerd worden onder
BCG therapie individueel sterk kunnen verschillen en vele van deze factoren die deze
reacties beïnvloeden onbekend zijn, moeten we vertrouwen op factoren die niet direct
tumor specifiek zijn. Meerdere onderzoeksgroepen hebben onafhankelijk aangetoond
dat verschillende lokale en systemische immuunreacties opgewekt kunnen worden tij-
dens een intravesicale behandeling met BCG. Het meten van deze lokale immuun
reacties is aantrekkelijk en logisch aangezien we met een lokale therapie bezig zijn
voor gelokaliseerde tumoren. Gebaseerd op onze onderzoeken bij patiënten die
behandeld werden met BCG is aangetoond dat de cytokines IL-2 en IFN-� in de
urine gecorreleerd zijn met een gunstig effect.Tijdens langdurige BCG instillaties en
tijdens onderhoudstherapie met BCG met een kort interval worden de cytokines van
de Th 1 klasse “tegengewerkt”door cytokines van de Th 2 klasse (IL-4, IL-5 en IL-10).
Het zou dus een logische stap zijn om verdere BCG instillaties te stoppen op het
moment dat een optimaal niveau van de Th 1 cytokines wordt bereikt in de urine van
een specifieke patiënt. Het ontwikkelen van een semi-kwantitatieve teststrip zou een
belangrijke stap in de goede richting zijn om een individueel bepaalde BCG behan-
deling te geven. Op basis van de uitslag van deze test kan besloten worden om door te
gaan of te stoppen met de BCG blaasspoelingen.
Het ontwikkelen van alternatieve immuuntherapeutische behandelingen is een andere
mogelijkheid om te kijken of we de toxiciteit kunnen verminderen met behoud van
effectiviteit.Verschillende middelen zijn getest: Nocardia rubra bleek bij ons niet effec-
tief (noch klinisch, noch op basis van immunologische parameters). Keyhole Limpet
Hemocyanin is klinische effectief gebleken, immunologische data zijn nog niet voor-
handen, maar het voordeel van dit middel is de geringe tot vrijwel afwezige toxiciteit.
Immunologisch actieve subfracties van BCG toonden positieve stimuli voor een Th 1
differentiatie en deze waren in staat om de cytotoxiciteit tegen blaastumor cellen te
versterken in vitro. Recent werden ook gunstige resultaten gerapporteerd bij patiënten
die behandeld werden met een celwand preparaat van een mycobaterium species,
waarbij ook een gunstig toxiciteit profiel werd gezien.
IL-2 en IFN inductie in de urine tijdens BCG therapie is gecorreleerd met een gun-
stig effect bij patiënten met een oppervlakkig blaascarcinoom. De instillatie van IL-2
in de blaas zou dus ook een mogelijkheid zijn om blaastumoren te behandelen. In een
kleine groep patiënten werd een gunstig effect op een markerlaesie gezien, deze
bevindingen moeten echter nog bevestigd worden en een belangrijke vraag daarbij is
de toedieningswijze van het IL-2. Ditzelfde geldt voor IFN instillaties, welke ook in
kleine groepen gegeven zijn als mono-therapie of in combinatie met andere immuun-
modulatoren. Recent is het onderzoek naar de COX-2 remmers bij het blaascarci-
noom geintensiveerd, omdat deze middelen mogelijk een positief effect hebben op de
Th1/2 verhouding, waardoor combinatie van deze middelen met BCG een heel
interessante optie is. Niet alleen zou het anti-tumor effect versterkt kunnen worden,

135

C H A P T E R  1 3



maar deze middelen hebben tevens een anti-inflammatoir effect en daardoor zou het
toxiciteitsprofiel van BCG positief beïnvloed kunnen worden. Daarnaast zijn deze
COX-2 remmers nog interessant omdat in blaaskanker is aangetoond dat COX-2 ver-
hoogd tot expressie komt.
Gen therapeutische benaderingen zullen verder ontwikkeld gaan worden in de nabije
toekomst en blaaskanker is een uitermate geschikt tumormodel omdat lokale applica-
tie mogelijk is, het is dan echter wel noodzakelijk dat het probleem van een effectieve
gen transmissie opgelost wordt. “Suicide” gen therapie en cytokine gebaseerde gen
therapie zijn twee benaderingen waarnaar onderzoek plaatsvindt. Het theoretische
voordeel van “suicide” gen therapie is de langere expressie. Behalve een effectieve gen
transmissie moet ook een oplossing gezocht worden voor het beschermende effect van
de blaaswand.Antigen specifieke vaccin therapie wordt ook onderzocht middels klo-
nen van tumor specifieke antigenen. Peptides die zich specifiek richten op de blaas zijn
ontwikkeld en het was al mogelijk om autologe ex vivo geactiveerde macrofagen in de
blaaswand te brengen.
Concluderend zijn er nog geen echte alternatieven voorhanden voor de BCG thera-
pie bij de behandeling van het oppervlakkige blaascarcinoom. Het exacte anti-tumor
mechanisme van BCG is nog niet opgehelderd, maar we weten wel dat het me-
chanisme berust op een immunologische reactie. Het ligt dus voor de hand, dat vooral
gezocht zal worden naar alternatieve immuun stimulerende middelen.Vooral de gen
therapeutische optie is een zeer interessant alternatief.Voorlopig zal gezocht moeten
worden, met de tot nu toe opgedane kennis, naar een meer optimale behandeling met
BCG met als uiteindelijk doel een geïndividualiseerde behandeling.
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