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Cystoscopic Diagnosis of Bladder Cancer by Intravesical Instillation of 5-
Aminolevulinic Acid Induced Porphyrin Fluorescence—The Singapor e Experience
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Abstract

Objectives: 1) To determine whether fluorescence cystoscopy after intravesical administration of 5-aminolevulinic acid (5-ALA) ismore
sensitivein detection of dysplasia and bladder cancer when compared with conventional cystoscopy. 2) To determine the safety of using 5-
ALA. Materials and Methods: A 3% 5-ALA solution was instilled intravesically before cystoscopy in 41 patients. The 5-ALA-induced
porphyrin fluorescence was excited by violet light from a xenon arc lamp (4375-440 mm). Results: Among the 175 biopsies obtained, the
sensitivity of the fluorescence cystoscopy was greater than that of conventional cystoscopy (89.1% versus 65.6%, P <0.05). Specificity was
at 64.8% and 83.8% respectively with P <0.05. Duration of ALA instillation did not seem to affect the sensitivity and specificity of
photodynamic diagnosis. The procedures were well tolerated by all patients with no additional complication. Conclusions: Fluorescence-
guided biopsies are more sensitive than random biopsiesin detecting dysplasia or bladder cancer without additional risk or complication.

The duration of ALA instillation did not seem to affect the accuracy of photodynamic diagnosis.
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I ntroduction

Bladder cancer is the sixth most frequent malignant
disease in the world.! Superficial stages of the tumour are
found in 75% to 85% of cases upon first diagnosis.2 More
than 70% of patientswith superficial tumourssuffer one or
several recurrences after thefirst treatment. Progression of
the tumour is observed in about one-third of al bladder
cancer patients.

Different from papillary urothelial tumours, which are
endoscopically visible, flat neoplasms such as dysplasia
and carcinoma in situ, are hardly visible during regular
cystoscopy or may even be concealed in the normal
appearing bladder mucosa. Flat neoplastic lesionsdetected
by random biopsy were found to have a significant impact
ontherecurrence and progression rates of bladder cancer.®
Thehighrecurrencerateisnot only connectedwithdysplasia
and carcinomain situ but also with overlooked urothelial
neoplasia. Regular white light cystoscopy and random
cold-cup biopsies, which are the current methods of

surveillance in patients who are at high risk of recurrent
bladder cancer, are insufficient to detect all urothelial
neoplasia.

Therefore, methodsof 1abelling flat urothelial neoplasms
and alsotiny papillary tumourswith visible dyeshave been
sought. Since the late 1970s, with the development of
photodynamic diagnosisand therapy, many photosensitive
fluorescent dyesarebeing tested for their useasfluorescent
labels of cells and tissues.* Photodynamic diagnosis is a
two-step process, where first a photosensitiser that will
accumul ate sel ectively and specifically in neoplastictissue
is administered. Subsequent light irradiation of the
photosensiti ser-bound neopl astictissuewiththeappropriate
wavelength of light will excite the photosensitiser and
cause the abnormal tissue to fluoresce. One such
photosensitiser precursor is aminolevulinic acid (ALA).
ALA induces protoporphyrin IX (PPIX), an endogenous
fluorescent photosensitiser that is an immediate precursor
tohemeinthebiosynthetic pathway of intracellular heme.>5
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As heme-containing enzymes are required by cells for
energy metabolism, all nucleated cells have the intrinsic
capacity to synthesize PPIX. In many types of cells, heme
biosynthesis is regulated at the cellular level by negative
feedback on therate limiting step of the pathway, whichis
thesynthesisof endogenousALA fromglycineandsuccinyl
CoA. This step may be bypassed by the addition of
exogenousALA, alowing cellsto produce PPI X and heme
at arategoverned by their individual enzymeprofiles. This
means exogenous administration of ALA would cause a
time-dependent increase in the amount of porphyrins
especially PPIX inthetissueinorder to offset theimbalance
of ALA withinthecell. Theamount of PPIX synthesisand
accumulation will depend on the rate of conversion of
PPIX into heme.”

There is much evidence that in several malignant cells,
there is an altered metabolism of heme resulting in an
increase of PPIX synthesis and accumulation due to a
changeintheenzymeprofileof thesecellsandtissues., The
ratio of PPIX concentration at peak accumulations in
tumour cellscan beabout 15 times higher than their normal
counterpartsor adjacent stromal cells.® Theporphyrinratio
between neoplastic and normal urothelial cells enables
tissue selectivity and specificity. ALA induced PPIX is
therefore being widely used as an endogenous
photosensitiser to detect and treat neoplasms in various
organs including the bladder.5°

During fluorescence cystoscopy, light with a specific
spectral composition (400 nm; violet) isintroducedintothe
body endoscopically viaan optical waveguide system 2 to
3 hours after theinstillation of ALA into the bladder.® The
violetlightwill excitethe AL A induced PPI X inthetumour
tissueand causeittofluoresceinthered. Inthisway tumour
tissue can be distinguished from healthy tissue with ahigh
level of contrast. It has been reported that flat neoplastic
lesionssuch asdysplasiaand carcinomain situ, which may
be hidden in the normal or inflammed mucosawere easily
recognised using the fluorescence diagnostic technique.*
Small papillary tumours could also be detected by
fluorescence more rapidly and the probability of them
being overlooked was smaller. ™

Moreover, it has been reported that the advantage of
intravesical instillation of ALA isthat it istopical and not
systemic and therefore prevents any cutaneous adverse
photoreactions dueto photosensitivity.*2 Thereisno report
of photoreaction using topical ALA.

Photodynamic diagnosis for bladder cancer has never
been used in Singapore and there is no published study
concerning ALA from Asia. Theaimsof thisstudy wereto
assess the efficacy and safety of this diagnostic technique
for early malignanciesof thebladder inthe Asianpopul ation
and aso to correlate the macroscopic findings obtained

fromfluorescencecystoscopy withthefinal histopathol ogy
of the biopsied specimens.

Materials and M ethods
Patient Selection

Forty-one patients (24M:17F) with a mean age of 66.8
years (range 42 to 89 years), suspected of primary or
recurrent bladder cancer (January 1997 to December 1998)
were selected for both white light and fluorescence
cystoscopy.

Photosensitisation

The ALA solution was made fresh using 1 g of ALA
hydrochloride (Merck, Darmstadt, Germany) dissolved in
50 ml of a mixture of 8.4% NaHCO, and physiological
saline solution (15:85). The pH of the solution should be
adjusted to about 6.5. Thiswas instilled intravesically via
a size 14-foley catheter after pyrogens were eliminated
using a 0.2 um filter. The solution was kept in situ for at
least 2 hours before both white light and fluorescence
cystoscopy. The patients were asked to alter position at
regular intervals to ensure optimal contact between the
solution andthebladder wall. Thebladder wasemptied and
catheter removed before cystoscopy.

Photofluorescence Cystoscopy

A Xenon arc lamp (Storz GmbH, Tuttlingen, Germany)
with a corresponding band passfilter system was used for
photodynamicdiagnosis. Bluevioletlightinthewavelength
range between 375 and 400 nm was used to induce PPIX
fluorescence. For endoscopic observation, a GG
filter (2 mm) was put on the eyepiece of the endoscope
(Hopkins 1l 30°, 70° telescope). This filter reduced the
reflected blue excitation light without blocking the red
fluorescence light.

The bladder was first examined under white light. The
macroscopic cystoscopic findings were documented by
means of a colour video camera, then fluorescence
cystoscopy was performed. Biopsies were taken from
fluorescent and non-fluorescent areas of the bladder under
excitation withviolet light. Thefluorescence, macroscopic
white light findings and location were documented for
each biopsy. Hypervascul arised, erythematous, erosive or
oedematous areas of the mucosa were considered non-
specifically inflamed bladder mucosa. Both conventional
and fluorescence cystoscopies were done swiftly to
minimise the effect of photobleaching.

Postoperative Care

Patients were usually discharged on the second or third
postoperative day. Any immediate adverse event was
documented. Possible complications such as urinary tract
infection, bleeding and phototoxicity were advised aswell.
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Patientswerereviewed in the outpatient clinic 3to 4 weeks
after discharge.

Satistical Analysis

Thesensitivitiesand specificitiesfor urothelial neoplasia
detection under white light and fluorescence detection
were calculated on the basis of 2 x 2 frequency tables. The
histology of thebi opsieswasused astheconfirmeddiagnosis
in both tables. The sensitivities and specificities between
whitelight andfluorescencecystoscopy werelater compared
using Fisher’ sexact testwithP<0.05regarded asstatistically
significant.

Results

Overall 175 biopsiesweretaken from varioussitesof the
bladder (Table ). Thefinal histological statusisshownin
Table 1. Out of 39 biopsies taken from the papillary
lesions, fluorescence was positive for al of them except 1
which was found to be an inverted papilloma (Table I11).
Within this group, 1 dysplasia and 36 urothelial tumours
were detected. One patient demonstrated benign histology
despite being papillary and demonstrated positive
fluorescence.
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Fifty-eight of the 136 biopsiesobtai ned fromflat mucosal
areasof thebladder (normal and non-specificinflammatory)
were determined as being fluorescence positive lesions
(Table I11). A total of 10 dysplasias and 10 urothelial
tumours were found in this group and all these 20 (11%)
lesions had been missed by conventional white light
cystoscopy.

False positive fluorescence was noted in 38 (22%) of the
biopsies. Among these biopsies, 25 were found to have
either cydtitis, hyperplasia, metaplasia or granuloma.
Seventy-eight random biopsieswere obtained from area of
bladder without any fluorescence. Of the 7 (11%) false
negative fluorescence lesions, 5 were dysplasias and 2
were carcinomas in situ.

The overall sensitivity for detecting the presence of
urothelial neoplasia was significantly greater for
fluorescencecystoscopy thanwhitelight cystoscopy (89.1%
versus 65.6%, P <0.05). The overall specificity wasfound
to be 64.8% and 83.8% for fluorescence cystoscopy and
white light cystoscopy, respectively (P <0.05) (TablelV).

TABLEII: HISTOLOGY

Pathology No. (%)
Benign 111 (63.4)
TABLE I: LOCATION OF BLADDER BIOPSIES Dysplasia 16 (9.1)
} T 7 (4.0

0, Ccis

Site No. (%) TG, 11 (63)
Posterior wall 38 (21.7) TG, 9 (5.1)
Trigone 21 (12.0) TG, 1 (0.6)
Right lateral wall 31 (17.7) T,G, 3 (17)
Left lateral wall 34 (19.9) TG, 6 (34
Dome 16 (9.1 T.G, 6 (34)
Others 35 (20.0) 2T, 5 (29
Total 175 (100.0) Total 175 (100)

TABLE IIl: COMPARISON BETWEEN CONVENTIONAL CYSTOSCOPIC FINDINGS IN CONJUNCTION WITH

FLUORESCENCE FINDINGS AND PATHOLOGY

Microscopy

Fluorescence (+) Dysplasia Tas T T, =T, Benign

M Normal 41 7 3 5 0 26

A Non-specific inflammatory 17 3 1 1 0 12

C Papillary 38 1 1 30 5 1
R
O

Fluorescence (-) Dysplasia Tas T T, =T, Benign

M Normal 74 5 2 0 0 67

A Non-specific inflammatory 4 0 0 0 0 4

C Papillary 1 0 0 0 1
R
O

Total 175 16 7 36 5 111
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TABLE IV: EFFICACY OF CONVENTIONAL VERSUS FLUORESCENCE CY STOSCOPY

All patients (n = 175)

Patients with flat lesions (n = 136)

Conventional Fluorescence Conventional Fluorescence

True (+) TP 42 57 5 20
False (+) FP 18 39 16 38
False(-) TN 22 7 22 7
True (-) FN 93 72 93 71
Sensitivity % 65.6 * 89.1* 185y 741y
Specificity % 838 64.8 B 85.3 65.1
PPV % 70.0 59.4 23.8 34.5
NPV % 80.9 911 80.8 91.0
(+): dysplasia/ClS/bladder tumour
PPV: positive predictive vaue
NPV: negative predictive value
*, v, B: P <0.05 (Fischer’'s exact test)

— TP _ TN _ TP _ TN

T TP+ N P TN+ PP T TP+ FP NPV= 1N+ N

TABLEV: SENSITIVITY AND SPECIFICITY OF FLUORESCENCE
CYSTOSCOPY CORRELATED WITHDURATION OF ALA

INSTILLATION
Fluorescence cystoscopy
Duration % sensitivity % specificity % PPV % NPV
<2.5 hours 92.3 66.7 55.8 95.0
>2.5 hours 86.1 64.0 63.2 86.5

PPV: positive predictive value
NPV: negative predictive value

As shown in Table IV, sensitivity was aso calculated
separately for flat lesions (macroscopically normal bladder
mucosaor bladder mucosawith non-specificinflammation).
Though the sensitivity for fluorescence detection was
reduced, it remained higher than that of white light
cystoscopy (74.1% versus 18.5%, P<0.05). The duration
of ALA retention withinthe bladder, onthe other hand, did
not seem to have any effect on the overall sensitivity and
specificity of fluorescence cystoscopy (Table V).

Besides 2 patients who complained of urgency and
unable to retain ALA for more than 2 hours, there was no
clinically significant short-term sideeffectssuch asurinary
tract infection and phototoxicity. However, the duration of
follow-upinour study wastoo short todraw any conclusion
on long-term effects on bladder capacity and function.

Discussion

Although conventional whitelight cystoscopy issensitive
in the detection of papillary form of transitional cell
carcinoma, it is difficult to visualise flat lesions such as
dysplasiaand carcinomainsitu of theurothelium. Numerous
early stage and precancerous lesions escape diagnosis by
random biopsy alone. Missing such flat neoplastic lesions,
particularly high-grade dysplasia and carcinoma in situ,

canhaveadecisiveimpact ontherecurrenceand progression
rates of bladder cancer and greatly effect the patient’s
prognosis.®

Therefore, different methods of labelling such flat
urothelial neoplasms with visible dyes have been sought.
Developmentsinthefield of photodynamic diagnosishave
beenin progresssincethelate 1970s.* Synthetic porphyrin
mixturesuch asphotofrinismanufactured outsidethe body
and usually given systemically. None of these substances
can avoid atransient sensitisation of the skin. In contrast,
endogenous photosensitiser such as PPIX is produced
withinthebody fromnon-photosensitising precursor, which
iISALA. Thiscan beadministered topically into thebladder
without any phototoxicity.

The ALA-induced PPIX fluorescence is being widely
used for detection of neoplasmsin variousorgan including
the bladder.5°1214 K riegmair®'2 and D’ Hallewin®® reported
improved sensitivity for detecting bladder tumours with
minimal side effects using fluorescence cystoscopy
following intravesical instillation of 5-ALA.

This photodynamic diagnostic technique has never been
used in Singapore. Therefore thisreport servesto evaluate
theefficacy and safety of thisdiagnostictechniquein Asian
patients with both primary and recurrent malignancies of
the bladder.

The superior sensitivity of the fluorescence cystoscopy
over white light cystoscopy in detecting bladder tumours
(89.1% versus 65.6%) in this study were similar to those
published by Kriegmair et a®? and D'Hallewin et a.=®
However, thespecificity of fluorescencecystoscopy seemed
to be impaired (83.8% versus 64.8%, P <0.05), which is
different from that reported by Kriegmair who showed that
violet excitation light had no impact on specificity.’? This
could probably beattributed to theinitial period of learning
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to differentiate equivocal fluorescent areas from those that
were definitely exhibiting strong positive fluorescence.
Kriegmair et al® emphasised that the high sensitivity of
ALA fluorescence cystoscopy was not impaired for the
detection of flat urothelia lesions. On the contrary, a
decrease in the sensitivity of the procedure was noted in
this study when the analysis focused only on the detection
of flat urothelial tumours. Nevertheless, the sensitivity in
diagnosing flat lesions remained higher for fluorescence
cystoscopy than conventional white light cystoscopy.

Despite positive fluorescence, benign histology was
noted in 39/96 (40.6%) biopsies. Thisissimilar totheresult
reported in Kriegmair and D’ Hallewin’ s studiest2* which
alsofoundafalsepositiverateof 62% and 45%, respectively.
However, it is the improvement in sensitivity rather than
specificity, which was clearly seen in al lesions, that
alowsALA photodynamic diagnosisto beauseful tool for
guiding biopsies.

SimilartothefindinginKriegmair’ sstudy,*?themajority
of these false positive biopsies were taken from areas of
cystitis, hyperplasia, metaplasiaand granuloma. Theactual
in vivo kinetics of ALA-induced fluorescence in these
benigntissuesand how it isdifferent from neoplastictissue
isstill uncertain. Chronicinfection, for instance, isawell-
known risk factor for the development of bladder cancer.
It was proposed that malignant (and premalignant)
transformation might be associated with changes in the
enzyme profile for the biosynthetic pathway for heme.* It
isnot yet clear whether thesefal se positive areasidentified
metabolically unstable areas that are at risk of future
development of bladder tumour. The follow-up period in
thisstudy istoo brief to draw any commentsin thisregard.
Prospective analysis of the contribution of such areas to
tumour recurrence will be another interesting issueto ook
into when the follow-up period is longer.

An attempt to modulate the concentration of PPIX by
varying the time that the urothelium was exposed to the
ALA was performed. However, the duration of ALA
instillation did not seem to have any impact on the overall
sensitivity and specificity of bladder tumour detection.
Datta et al*® noted tumour fluorescence to peak between 2
to 6 hours after in vitro bladder tissue incubation in ALA.
Intherat bladder tumour model, Xiao et al*¢ haveshownthe
optimal incubationtimeto be4 hours. Asall the patientsin
thisstudy had ALA instilled into the bladder between 2 to
5 hours, thismay possibly explain for the lack of effect of
the duration of ALA instillation on the overall accuracy of
tumour detection. Moreover, one can postulate that the
difference in concentration of PPIX in the normal and
abnormal tissues might already reached its maximum.
Further increasein the concentration of exogenousALA or
the duration of ALA exposure might have little additional
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effect intissue sensitivity and specificity unlessthey act to
emphasise the pre-existing differences between normal
and abnormal cells.

Animal study showed that there was a dose dependent
increasein both tumour and urothelial PPIX concentrations
after intravesical instillation of ALA.*® Chang et al*’ found
that amore concentrated AL A solution (10% Vs 1%) gave
higher levelsof PPIX intheurothelium, but lesssel ectivity
between layers of bladder wall. Kennedy et al** observed
the best fluorescence usually is produced by relatively low
doses of photosensitiser. Similarly, D'Hallewin et a*®
showed that areduction of ALA instillation doseto 0.5gm
could decrease the incidence of false positive results.
However, this effect was not evaluated in this study.

In order to improve its specificity, further studies are
required to evaluate optimal method to improve tumour
selectivity by enchancing the fluorescence differentials
between normal and abnormal urothelium. To achieve a
better understanding of theunderlying metabolicdifferences
between normal and tumour cells, quantitative analysis of
fluorescence using, for example confocal microscopy is
currently undertaken in the department. Hopefully this
would help to eval uate the fluorescence kinetics of bladder
tumour and normal urothelium.

Besides urgency symptoms in 2 patients, intravesica
ALA instillation waswell tolerated in al patients. None of
the patients developed any clinically significant urinary
tract infection during the postoperative period. All patients
werefollowed up at 1 month and no phototoxicity or other
complication was reported in any of the patients. Routine
blood investigations such asliver function test and plasma
porphyrin levels were not performed postoperatively
because systemi c absorptionwerenot documentedin either
studiesby both Kriegmair et al*? and Dattaet al.** M oreover
in the studies by Steinbach et a® and Datta et al,®®
fluorescence microscopy revealed ALA-induced
fluorescenceismainly limited to theurothelium. Therefore
one would not expect any long-term side effects on the
bladder capacity and functionafter photodynamicdiagnosis
and therapy.

Conclusions

In conclusion, intravesical administration of ALA
provides an efficacious and safe route for photodynamic
diagnosis of bladder tumour with better sensitivity. In
between 2 to 5 hours, the duration of ALA instillation did
not seemto affect theaccuracy of photodynamic diagnosis.
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