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ABSTRACT

Lasers techniques are able to produce precise and sometimes unique tissue
effects. These promise an improvement over the conventional techniques
for treating both superficial and early muscle invasive bladder cancer.

Photodynamic Therapy (PDT) is an experimental treatment that shows
great promise for treating superficial bladder cancer, especially resistant
carcinoma in situ (Cis). Some clinical studies though have reported serious
side effects, mainly in producing an irreversible functional impairment in
many bladders due to fibrosis. This thesis presents a study of the effect of
changes in dosimetry variables on the normal rat bladder using a new
photosensitiser, aluminium chlorosulphonated phthalocyanine. The uptake
of this drug into the different layers of the bladder wall has also been
investigated using sensitive fluorescence microscopy techniques. The
maximum concentration gradient of photosensitiser between the superficial
and the deep layers of the bladder wall was reached after 24 h following
administration and was increased by the photobleaching observed at low
sensitiser concentrations. Morphological and functional changes (bladder
capacity and compliance) were also studied and it was found that if PDT
damage was restricted to the superficial layers of the bladder, the resulting
functional disturbance was less severe and recovered more fully than when
the muscle layers were also involved. At low concentrations of photo-
sensitiser a selective, superficial necrosis was achieved across a wide range
of light doses. If these experimental results can be achieved in clinical
practice then PDT should provide an effective and bladder preserving
treatment for Cis without the complications that have been seen previously.

The possible role of the flashlamp pulsed-dye laser for PDT was studied
using cultured human bladder carcinoma cells (MGH-U1) sensitised with
dihaematoporphyrin ether. It was found that this clinical laser was of a
comparable efficacy to the more complex systems currently used for PDT.

The morphology of the coagulation produced by the neodymium:YAG
laser on the pig bladder has been compared with conventional electro-
cautery. A marked qualitative difference was seen between these two
modalities in that the laser produced a more even coagulation with little
disruption of the tissue architecture. A major attraction for urologists is
that, in conjunction with flexible cystoscopy, superficial bladder tumours
may be laser coagulated on an outpatient basis using only topical urethral
anaesthesia. A study of 33 patients with recurrent tumours treated in this
way shows the convenience and economy of this technique though no
reduction in the incidence of recurrences was seen after laser therapy.



PREFACE

The title of this thesis implies that it will aim to cover the whole field of
laser therapy as applied to bladder cancer. This will comprise both

experimental and some clinical work with a review of relevant literature.

Section 1 outlines the pathology and current treatment of bladder cancer
and how laser techniques might complement or improve on conventional
therapy. The principles of laser action and the several different types of
lasers available are described. At present there are only 2 types of laser
applications; either the thermal destruction of bladder tumours or a photo-
chemical technique not requiring heat but using a photosensitising drug to
produce tissue damage which is known as photodynamic therapy (PDT).

Section 2 deals with PDT in detail and describes our experimental work
in this field. This comprises both in vitro studies on a human bladder
tumour cell line and in vivo studies on the effect of PDT on bladder
function which is the area in which most clinical problems have been
encountered. It had been hoped to carry out a clinical PDT study, but due
to delay in acquiring the necessary regulatory approval for the photo-
sensitiser drug this has not proved possible.

Section 3 covers the use of thermal lasers to ablate bladder tumours.
This is by far the commonest urological application of the
neodymium:YAG laser and where the bulk of clinical experience has been
gained. The experimental work presented in this section looks at the
morphology of laser lesions in normal pig bladder, and compares them to
conventional diathermy, as an accurate assessment of the expected tissue
effect is necessary to match treatment dosimetry variables to tumour
pathology. A small study in which tumour recurrences in patients have
been treated without anaesthetic using a Nd:YAG laser in conjunction with
flexible cystoscopy is reported together with early follow-up data.
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1.1 INTRODUCTION

Bladder carcinoma is the commonest urological malignancy requiring
treatment (prostate cancer is more common in males but frequently occult)
and the commonest one to cause death. In 1985, 9500 new cases were
registered in the U.K. (Cancer Statistics, 1990), and in 1988 there were
4800 deaths (Mortality Statistics, 1990). It is 2.6 times more common in
males and maximal around the 7th decade. Smoking increases the risk of
developing the disease from 2-6 times. The aetiological role of industrial
carcinogens, particularly certain aniline dyes and chemicals such as B-
naphthalenes which were used in the rubber industry has been recognised
for years and their use is now generally banned. Nearly all bladder
tumours are transitional cell carcinomas arising from the urothelium and
all the trials reviewed here relate to these. Other histological types are

rare and often advanced at presentation, they will be discussed briefly later.

As with other carcinomas, bladder tumours are classified by grade (G1-3)
and stage (Ta-T4). Grade 1 (G1) indicates a well-differentiated tumour,
G2 moderate and G3 a poorly differentiated tumour. Grade is the single
most important prognostic feature though high grade tumours also have a

positive correlation with more advanced stage.

Staging of the local tumour indicates the depth to which it has extended into
the bladder wall (fig. 1.1). Superficial tumours comprise carcinoma in situ
(Cis) and Ta which are confined to the epithelium, and T1 - into the cores
of the papillae or lamina propria. Muscle invasive cancers may be T2 (into
the muscle but not palpable bimanually) or T3 (subdivided rather
artificially into T3a - invading more than half-way through the muscle
layer, and T3b which is through the bladder wall but not invading adjacent
structures). T4 tumours invade other organs such as the uterus or rectum.

These are generally fixed and inoperable except for T4a (into prostate or
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1.2 SUPERFICIAL PAPILLARY BLADDER CANCER

The diagnosis and treatment of patients with superficial (Ta,T1) papillary
bladder cancer comprise a significant proportion of a general urologist's
workload. Around 70% of all superficial tumours are stage Ta, almost all
of which are G1 or G2 and are most unlikely either to progress locally and
become invasive or to metastasise (Abel et al., 1988). Once diagnosed,
however, patients are usually advised to undergo long term surveillance by

regular cystoscopy as many will require repeated treatment of recurrences.

1.2.1 Treatment

Standard treatment is by transurethral resection (TUR) or diathermy
fulguration and, in general, only when recurrences become particularly
frequent or numerous do other adjuvant therapies such as intravesical
chemotherapy become applicable. New treatment modalities that may
reduce tumour recurrences in these patients would therefore have little
survival benefit except in the small number of patients who present with

superficial cancer which is destined to become invasive.

1.2.1.1  Prognostic indicators

The most useful of these for indicating a potentially more aggressive nature
are high tumour grade, stage, size, multiplicity and rate of recurrence of
new tumours, and the presence of Cis (Heney et al., 1983). A patient with
G2 or G3 superficial recurrences has a high chance of developing an
invasive tumour whereas the only categories of patients with G1 disease
who have a real risk of developing subsequent invasion are those with
either multiple recurrences (greater than 5 at each cystoscopy), or those
who develop disease in the upper tracts or prostatic ducts. Other
prognostic factors include DNA analysis by flow cytometry as tumours

with a diploid pattern have a better prognosis than aneuploid ones.
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However although these techniques may have a role in routine clinical
practice in the future it is doubtful whether at present they provide any

more useful information over histological grade and stage alone.

1.2.1.2 Intravesical chemotherapy

The first intention in managing a patient with superficial bladder cancer
must be to surgically resect or fulgurate all visible tumour. Patients who
show the risk factors for developing invasive disease listed above, and those
who persist in developing frequent recurrences are candidates for some
form of intravesical therapy in the hope of normalising the bladder
urothelium, or at least reducing subsequent recurrences and hopefully
preventing progression. Treatment may be either adjuvant (prophylactic)
with the aim of preventing recurrence, or therapeutic to treat established
disease. Agents commonly used include epodyl (no longer available),
thiotepa, mitomycin C, adriamycin or Bacillus Calmette-Guérin (BCG).
There have been many trials over the years and although results vary
considerably, it would appear that the chief benefit seems to be in slightly
reduced numbers of recurrences and prolonged interval to first recurrence
rather than in altering the natural history of superficial bladder cancer (i.e.
reducing the progression rate) or giving any long term survival advantage
(Herr et al., 1987).

1.2.2 The pT1G3 bladder tumour

Around 60% of invasive transitional cell tumours arise in patients with pT1
G3 disease yet these constitute less than 20% of all bladder tumours (Smith
et al., 1986). Furthermore these tumours are often associated with
coexistent carcinoma in situ (Cis) which is a further high risk factor for
progression (see below). Five year local recurrence rates after TUR alone

are in excess of 60%, and 80% will get recurrences elsewhere in the
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bladder (Jakse et al., 1987). The risk of an invasive tumour developing in
such a patient within 2-5 years has been estimated at around 40% overall
from series comprising some 180 patients, and 60% in those who get

recurrent superficial tumours (Birch and Harland, 1989).

Intravesical chemotherapy - Because of this risk most clinicians would
give adjuvant intravesical therapy to patients with high grade superficial
tumours though, as mentioned above, no controlled study has yet been able
to demonstrate that this will reduce the progression to invasive disease in
the long term (Riibben ez al., 1988). Time to first recurrence is delayed
and the number of recurrences are reduced in the first 1-2 years and
although it would see reasonable to expect that if recurrence rates are
reduced so might progression rates, unfortunately this does not seem to be
the case. A study of 60 patients with superficial G3 tumours treated with
adjuvant intravesical chemotherapy had a similar rate of progression (40%)

to that in a series treated by TUR alone (Smith ez al., 1986).

Radiotherapy - Radiotherapy, most commonly used for muscle-invasive
bladder cancer, has been shown of benefit in the treatment of high grade
superficial tumours. Most series quote freedom from progression in
around 50% after 2-5 years follow-up though those who do not achieve an
initial complete response do very badly (Quilty and Duncan, 1986). There
also seems little benefit in irradiation after failed intravesical chemotherapy
both in terms of eradicating disease and in producing severe side-effects
(Sawczuk et al., 1988).

Surgery - There are several studies supporting the view that the best
survival rates are obtained when cystectomy is carried out early. Stdckle et
al. (1987) reported a 90% S-year survival in 55 patients whose bladders
were removed upon diagnosis compared with only a 62% 5-year survival,

albeit in a smaller number of patients, in whom cystectomy was delayed
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until further recurrences had occurred. However early surgery inevitably
overtreats the 15-20% of patients who will be cured by a single TUR alone
and, as most urologists are loath to perform possibly unnecessary
cystectomies, this is an unusual course of action, at least in the U.K.
Perhaps with the increasing refinement and availability of reconstructive

surgery this will begin to change.

1.3 CARCINOMA IN SITU

The term carcinoma in situ (Cis) covers a wide spectrum of disease from a
flat localised area in an otherwise normal bladder which may remain
relatively static and asymptomatic for years, to a generalised involvement
of the epithelium producing severe symptoms (malignant cystitis) and
having a high.risk (60-80%) of rapid progression to muscle invasive
disease by which stage the patient is invariably doomed (Utz, 1970). The
histological appearances in Cis are of high grade (G3) malignant cells
confined to the epithelial layer (UICC, 1981). Their propensity for
exfoliation can lead to confusion in small biopsies which may be completely
denuded of epithelium, although these patients will always have positive
urine cytology. Dysplasia which is a benign condition suggesting urothelial
instability may lead on to Cis, though severe dysplasia is morphologically

indistinguishable from Cis and therefore synonymous with it.

1.3.1 Incidence

Primary Cis (unassociated with any exophytic bladder tumour) is a rare
condition with a strong male predominance. Reported incidences vary
considerably from as low as 0.3% of all bladder tumours in one large

series (Farrow et al., 1977), to 7% in a series containing a bias of tumours
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induced by industrial carcinogens (Glashan, 1989). Secondary Cis in
association with other transitional cell carcinomas is more common,
increasing with the stage of the primary tumour, so that it is found in
association with about 20% of T1 tumours and 33% of T2 tumours
(Glashan, 1989). However secondary Cis is probably under-reported and
will often be missed unless random biopsies of normal looking as well as

the suspicious areas of bladder mucosa are taken.

1.3.2 Treatment

As there is so much variability in the natural course of a patient found to
have Cis, a single treatment protocol is inappropriate. Although there is a
high chance of recurrence of Cis and an overall risk of some 60% of
progression to invasive cancer without adjuvant therapy (Utz et al., 1980),
it is reasonable just to treat conservatively by fulguration, or even by
observation alone, those patients with small areas of flat asymptomatic Cis.
Patients with the more aggressive widespread forms of the disease which
appear raised and angry-looking at cystoscopy, invariably have symptoms
of bladder irritability, reduced capacity and pain which may be most

disabling and in themselves an indication for cystectomy.

Intravesical agents - The common chemotherapeutic agents such as
Thiotepa (Farrow et al., 1977), Mitomycin C (Heney, 1985), and
Adriamycin (Jakse er al., 1984) will achieve a complete response rate in at
least 50% of patients with Cis. Bacillus Calmette-Guérin (BCG) seems
slightly more effective with initial normalisation of the bladder epithelium
in 60-70% of patients (Haff ez al., 1985). Herr et al. (1986) still had a

complete remission in 50% of 47 patients at 5 years (68% initial response).

Systemic chemotherapy - Encouraging responses of extensive Cis have

been achieved with intravenous cyclophosphamide which, as well as

24



proving more effective than intravesical mitomycin C, also led to the rapid
resolution of symptoms of malignant cystitis and reversed prostatic duct
involvement (Jenkins et al., 1988a). Although this experience was in only
17 patients none of the 75% who responded developed disease progression
during follow-up of more than 3 years. However major irritative

symptoms were common, for which 2 patients required cystectomy.

Radiotherapy - Most evidence suggests that there is no place for
radiotherapy in the management of primary Cis (Riddle et al., 1976;
Whitmore and Prout, 1982).

Radical surgery - There is little doubt that early cystectomy produces
the best chance of survival from carcinoma in situ (Riddle et al., 1976;
Farrow et al., 1977). The need is to identify those patients who need

surgery before progression occurs.

The most satisfactory current approach is to locally fulgurate all visible
tumour at the initial cystoscopy and then to repeat this with random
biopsies a few weeks later. Residual disease or positive cytology should be
treated with no more than 2 courses of BCG, and cystectomy performed

without undue delay on those whose disease persists or later relapses.

1.4 INVASIVE BLADDER CANCER

Invasion of the muscle layers of the bladder wall by tumour is an ominous
prognostic sign with an overall 5 year survival rate less than 50%. Most
invasive tumours present as such (about 25% of all new bladder cancers)
with only a small minority developing in patients with a preceding history
of superficial carcinoma. The great majority are transitional cell

carcinomas.
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1.4.1 Radical Treatment

The standard treatment in the UK of non-metastatic transitional cell
carcinoma which is invading muscle consists of radical cystectomy with
urinary diversion or radiotherapy, either alone or in combination. There
still exists some diversity of opinion as to the best management of primary,
potentially curable, invasive bladder cancer largely because there have been
few large, randomised prospective trials of the various treatment options
available. The Institute of Urology and Royal Marsden study of T3
tumours for instance, which commenced in the 1960's, took 10 years to

recruit 200 patients (Bloom et al., 1982).

Radiotherapy prior to radical cystectomy offers the potential of reducing
pelvic recurrence and several series have shown some benefit from this
combination over surgery alone. Others though have not found any added

benefit from preoperative radiotherapy (Skinner and Lieskovsky, 1984).

The lower morbidity of modern radiotherapy compared with cystectomy
has led many centres to adopt radiotherapy as their primary treatment of
muscle invasive bladder cancer. This will result in a complete regression
in about 50% of cases though in only 60% of these will the response be
durable (Quilty et al., 1986). Cystectomy can then be reserved for those
who fail local control and have no evidence of metastases. A recent series
of 182 patients with T2 or T3 bladder cancer showed an overall corrected
5 year survival rate of 40% following radical radiotherapy as the primary
treatment, with salvage cystectomy in suitable cases (18%) (Jenkins et al.,
1988b). Adjuvant chemotherapy has given encouraging initial response
rates of 55-80% but no clear survival advantage over radiotherapy alone
has so far emerged in randomised trials (Raghavan 1988). A current MRC
trial is underway to assess the effect of combination chemotherapy before

conventional treatment (radiotherapy or cystectomy).
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1.4.2 Local excision

Partial cystectomy has been commonly employed for the rarer non
transitional-cell carcinomas, particularly urachal tumours. There is also
sometimes a role for partial cystectomy for favourably placed solitary
invasive tumours in frail patients, or for those tumours arising in a
diverticulum. In general, though, results are disappointing with a high

incidence of local recurrence and metastases (Gill ez al., 1989).

Radical TUR whereby the full thickness of the bladder wall is resected has
been shown to give good results in the hands of enthusiasts. Clearly though
this is only suitable for relatively small tumours in extraperitoneal sites and
there is a worry that the inevitable extravasation may lead to extravesical
recurrence. For this reason combination with chemotherapy seems

advisable (Hall ez al., 1984).

1.5 LASER TREATMENT OF BLADDER CANCER

1.5.1 Introduction

There has been enormous interest in the possibility that lasers could add to
the current management of bladder cancer. Lasers are not magic, healing
rays as they have often been portrayed but they can produce unique,
precise and predictable effects on tissue which may complement existing
techniques and treatments. The ability to transmit powerful light energy
along fine quartz or silica fibres has opened up the whole field of
therapeutic endoscopy to laser techniques. Most interest has focussed on
the treatment of malignant disease of which bladder cancer is but an
example. Clearly to be worthwhile a new technique must offer real
advantages over existing methods, if not in overall improved prognosis

then at least in terms of economy, convenience or reduced morbidity.
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Most work has centred around the thermal effects of the neodymium:
yttrium aluminium garnet (Nd:YAG) laser or the photosensitising abilities
of certain drugs activated by specific wavelengths of laser light. The
various types of urological lasers will be discussed in detail in chapter 2,
but for now it is useful to reflect more generally on the introduction of

laser techniques to urology.

1.5.2 Historical background

The first workers to apply laser energy to the bladder were Parsons and
co-workers (1966), who exposed an opened canine bladder to 694 nm light
from a pulsed ruby laser, using energy levels of 10-15 J. The histological
appearances after 3- 10 days showed minor damage confined to the mucosa
with a sharp transition from neighbouring normal tissue. They suggested
that this new energy modality might destroy bladder cancer endoscopically,
provided a suitable “light pipe” could be found. This breakthrough did not
come until the development of the flexible quartz fibre (Nath et al., 1973)

and the argon ion laser.

Several urologists have studied the argon ion laser (Staehler et al., 1976).
It is not ideal for urological use as it is low powered, poorly haemostatic
and although readily transmitted by quartz glass fibres, only penetrates
tissue for 1-2 mm. The blue/green argon laser light is well absorbed by
haemoglobin and whilst effective for small bladder tumours (Smith and
Dixon, 1984), it has in clinical practice been supplanted in this role by the
more powerful, compact and reliable neodymium:YAG laser (section
2.2.1). The argon laser can be used to pump (excite) a dye laser and this
configuration is still the standard light source for photodynamic therapy
(Benson, 1988). Even in this field though the argon dye laser is likely to

be superseded by the newer, more powerful pulsed metal vapour lasers.
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Miissiggang and Katsaros (1971) were the first to describe the use of the
Nd:YAG laser, for urological purposes. They realised its advantage over
the carbon dioxide laser in being transmissible via flexible glass fibres, and
designed a prototype laser cystoscope using bundles of thin glass fibres to
transmit the energy. Unfortunately glass caused significant transmission
losses, and the resultant heat generated quickly melted the adhesive used to
hold the bundles together unless the whole apparatus was water cooled.
They studied the effect of the pulsed Nd:YAG laser on bladder, prostate
and renal tissue as well as calculi. In the bladder they were able to produce
coagulation to a depth of about 1 mm using a power of 25 W. This damage
was sharply demarcated from the surrounding normal tissue. Stachler and
Hofstetter (1979) produced full thickness lesions (2 mm) in rabbit bladder
with a power of 40 W for 2 s, in comparison to the more shallow lesions

made by an argon laser.

1.5.3 Photodynamic Therapy

Photodynamic therapy (PDT) is an attractive approach to the treatment of
superficial bladder cancer, especially resistant Cis. The mechanism of PDT
will be described in detail in chapter 4 but in brief involves the
administration of a photosensitising drug which is retained with some
selectivity in malignant tissue (Benson et al., 1982). Light of a specific
wavelength corresponding to an absorption peak of the photosensitiser is
then used to illuminate the bladder mucosa. This light is best produced by
a laser and transmitted via a diffusing fibre placed centrally within the
bladder at cystoscopy. Illumination activates the photosensitising drug to
produce local necrosis of tumour, probably mediated via singlet oxygen,
with ideally little adverse effect on adjacent normal tissue. Because PDT is

not a thermal process the treatment is painless and could possibly be
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carried out on an outpatient basis though all workers so far have used
general or epidural anaesthesia because of the relatively lengthy
illumination times required (Stamp e? al., 1990). Treatment of superficial
bladder cancer with PDT should still be regarded as an experimental
therapy whilst applications to tumours in solid “urological” organs such as

the prostate are still in the pre-blinical phase.

It is in the patient with widespread Cis that PDT is most likely to be of
value. It has the advantage of being a single treatment and although there
are insufficient clinical data available to assess durability of response it
should be possible to retreat patients who relapse without additional
toxicity. Although the limitations of extravesical field changes apply to
bladder PDT as well as intravesical chemotherapy it would be technically
possible with currently available delivery systems to also treat the prostatic

urethra and lower ureter directly.

The bladder seems ideally suited to PDT as it is readily accessible and as
the entire mucosa can be treated simultaneously, areas of occult dysplasia
and Cis do not have to be precisely defined. The published clinical data are
discussed in detail in chapter 3, but they generally show that PDT is most
effective at treating Cis, less so for superficial papillary disease, and
ineffective for invasive tumour. Although good results have been achieved
in terms of the eradication of superficial bladder cancer resistant to all
conventional modes of treatment short of cystectomy, in around 65% of
patients treated (Benson, 1986; Shumaker and Hetzel, 1987); this has been
at the cost of considerable morbidity in most patients. Those serious side
effects reported include severe irreversible bladder shrinkage, sometimes
sufficient to require cystectomy for intolerable symptoms (Nseyo et al.,
1985a), and perhaps more worrying, a high incidence of upper tract

obstruction and vesico-ureteric reflux (Harty et al., 1989).
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