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INTRODUCTION

Endoscopy hasrevol utionised our management of many
gastrointestinal disordersover the past 30 years. Weare
increasingly abletodiagnosegastrointestinal (GI) tumors
at an early stage, and endoscopic therapy has made a
difference to the outcome of GI haemorrhage. We till
rely on surgery for cure of cancer but as diagnostic
techniques improve the goal of minimally invasive
diagnosisand therapy appearsever more attainable. As
popul ations get older, it isalso increasingly desirable.
Laser light can beused for both diagnosisand therapy in
thegut. Thisarticlereviewsthevaue of lasersin these
areas.

HOW LASERS WORK

Biological effects

L asersare sophisticated sources of monochromeaticlight
in the visible and near infrared part of the optical
spectrum. Theonesof mostinterest to gastroenterologists
are those where the beam penetratesliving tissue well
and which can betransmitted viathin, flexiblefibers, so
they can be used with flexible endoscopes. These can
be used to deliver light as heat to cause thermal
contraction of soft tissue. The most important laser in
thisgroup has been the Neodymium yttrium aluminium
garnet (NdYAG) laser with a near infrared beam at
1064nm. Short, sharp shotsfromthislaser causethermal
contraction in soft tissues, which provides good
haemostasis. Longer shots at high power can vaporise
tissue and coagulate the underlying layers, which is
effectivefor debulking advanced cancers. At much lower
powers, it is possible to coagul ate alarger volume of
tissuewithout vaporisation.

The other main group of effects is
photodynamic where there is no increase in tissue
temperature, but laser light is used to activate a
previously administered photosensitising drug. This
causes the release of highly reactive singlet oxygen
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which causes cell death by necrosis and apoptosisover
a prolonged period. This can be used to completely
eradicatesmall tumours.

A minor application is to use pulsed lasers
endoscopically to fragment gall stones. These effects
aresummarisedin Table 1.

Table 1 Laser effects used in gastroenterology

Laser effect Clinical use

High power thermal: Haemostasis

Cutting or debulking of tissue by vaporisation
and coagulation

Low power thermal: Gentle coagulation of lesions within solid organs
(Interstitial laser
photocoagulation,ILP)
Photochemical: Non-thermal destruction of tissue by activation of
(Photodynamic
therapy, PDT)

Pulsed shock wave

a previously administered photosensitising drug

Fragmentation of gall stones

Non-biological effects

All living tissue display anumber of interactionswith
light, which are altered in areas of dysplasia. Intrinsic
fluorescence may be detected at endoscopy by exciting
thetissuewith bluelaser light and using specia detector
cameras on the endoscope. Elastic scattering depends
on thedifferent way light is scattered depending on the
density of cellular and nuclear packing. These
approachesmay allow usto detect premalignant lesions
of the Gl tract that would otherwise beinvisible at
conventional endoscopy.

THERAPEUTIC USES FOR LASER

Palliation of advanced cancers
Themainrole of high power, thermal laserslikethe
NdYAG in current practice is for palliation of
advanced, inoperable cancers of the upper and lower
gastrointestinal tract. Under direct vision, nodules
of exophytic tumour can bevaporised and underlying
tumour coagulated either to relieve obstruction or to
reduce blood loss (Figure 1). The incidence of
complicationsislow, although it often takes several
treatmentsto achieve optimum recanalisation. These
laser beams are dangerous if viewed directly, so
safety filters must be fitted to fibreoptic scopes.
There is no risk to operators with video scopes,
although filters are required to protect the chipsin
the camera.

Most patients with cancers of the oesophagus or
gastric cardia present when the disease is too
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advanced for there to be any prospect of cure and the
main aim of treatment isto relieve dysphagiaassimply
and rapidly aspossible¥. The main endoscopic options
are stent insertion and laser therapy. Tumor dilatation
and insertion of asilicone rubber stent was standard
practice in Europe until 5 years ago, although these
stents were never popular in North America. Using
thisapproach most patientswere unableto eat any more
than pureed food. Sincetheir introduction in the early
1990s, expanding metal stents have become popul ar
as they require less dilatation (hence less risk of
perforation) and are easier to insert. It is becoming
clear with experience that they are far from ideal,
particularly astherelief of dysphagiahas never been
shown to be better than silicone stents. New designs
are appearing at regular intervals and the current
generation of meta stent are covered to prevent tumour
ingrowth and conical in shapeto prevent stent dippage.
Nevertheless, intractable pain occursin 10% of patients
after stent insertion and up to 40% will need further
endoscopicinterventiong?3,

Figure 1 Advanced, obstructing carcinoma of the oesophagus: (a)
at presentation; (b) during laser therapy; (c) after two endoscopic
laser treatments. The oesophageal lumen has been re opened and
the patient’s dysphagia has been relieved.

Laser therapy has been shown to improve
dysphagiato asimilar degree as stents, and does not
cause pain. The disadvantage is that laser therapy
alone hasto be repeated on average every 5-6 weeks.
The addition of a palliative dose of external beam
radiotherapy can increasethisto 9 weeksand asingle
fraction of brachytherapy (intraluminal radiotherapy)
will bring relief of dysphagiafor amedian of 5 months.
Since the median survival time for advanced disease
is less than this, a single course of laser and
brachytherapy is an attractive option. The relative
merits of lasers and stents are summarised in Table
2. Common sense dictates that the two are
complimentary rather than competitive. An eccentric,
exophytic tumour is best debulked with the laser
whereasacircumferential tumour withlittleexophytic
component is best stented. A fistulamust be stented,
whereas high cervical tumours can seldom be stented.
What little datathereis on comparative costs suggests
that the lifetime treatment costs are similar for each
of these approaches.

Table 2 Comparison of modalities for palliation of malignant
dysphagia

Laser Conventional stent Self expanding metal stent
Technique Basically safe (risk ~ 10% risk of Usually safe &
of perforation if perforation on easy to insert
dilatation also insertion
needed)
Cost High setup cost Low cost High cost
Low patient costs
Contra Fistula High lesion High lesion
indications No endoscopic Tracheal Tracheal
target compression compression
Care with lesions
crossing cardia
Dysphagia post Variable, can be Semi-solids Variable, can be
therapy close to normal somesolids close to normal
Repeat Therapy Possible. Usually Stent can be Difficult to adjust
required after 6-8  adjusted once inserted.
weeks Second stent or
laser debulking for
tumour overgrowth
Enhancement of Yes No No

dysphagia relief
with radiotherapy

A futuredirection may bethe combination of laser
palliation of dysphagiawith radical chemoradiotherapy
ininoperablepatients. Thisapproachisattractiveasmany
patients with advanced disease present with severe
malnutrition caused by their dysphagia. Radica treatment
isnot possiblein acachectic patient, but if dysphagiais
overcome, patientsregain weight and are abletotolerate
intensive therapy. Long term dataare lacking but early
results suggest that this approach can lead to prolonged
survival in at least some patients who have previousy
been thought to beterminally ill.

The situation with the small percentage of
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rectal and recto-sigmoid cancersthat are not suitable
for surgery isvery similar®. Endoscopic laser therapy
can simply and effectively relieve symptoms due to
exophytic tumour, usualy asaday case procedurewith
minimal sedation. Bleeding, obstruction, mucusdischarge
and tenesmus can be helped, and the effect can be
prolonged by the addition of palliative, external beam
radiotherapy, dthoughlaser treatment cannot help pelvic
painor obstructionduetoextral umind tumour. Expanding
metal stents are now available to relieve some distal
colonic strictures, but they are unlikely to find an
important rolein palliating low rectal cancers.

Haemostasis for benign lesions

Laserswerefirst used with flexible endoscopesin the
mid 1970sfor the control of haemorrhage. Endoscopic
treatment with the NdYAG laser significantly reduced
therebleeding rate after haemorrhagefrom peptic ulcers
inanumber of studies. Later trialsshowed that injection
sclerotherapy worked just aswell, and wassimpler and
cheaper. The only benign lesionsfor which endoscopic
laser therapy retains an important role for control of
blood loss are vascular lesions like hereditary
telangiectas a, angiody splasiaand watermel on stomach.
These can be managed by sclerotherapy and various
thermocoagulatory modalities such as argon plasma
coagulation, but laser treatment is effective, smpler to
apply and needslesstreatment sessions, especialy when
multiplelesionsare present.

Interstitial laser photocoagulation

High power NdYAG laser is used during endoscopy,
with short shots of a second or two, typically at 50-
80W. Thelaser fibreisheld away from the surface
of thetarget to vaporize and coagul ate tumour tissue
under direct vision. Analternative approachistoinsert
the tip of the laser fibre directly into the target area
and to use a much lower power (3-5W) to gently
“cook” diseased tissue over a period of several
minutes. This is known as interstitial laser
photocoagulation (ILP). There is no selectivity of
effect. Both normal and malignant tissue will be
necrosed if heated to a high enough temperature for
long enough. ILP can be used for the percutaneous
treatment of small hepatic metastases (particularly
from previously resected, primary colorectal cancers)
in patients who are unsuitable or unfit for partial
hepatectomy!®. The key to using this technique
succesfully is the imaging. Fibers can be inserted
through needles positioned percutaneously under
ultrasound, CT (computerised tomography) or MR
(magnetic resonance) imaging. The best way to assess
the effect is on contrast enhanced CT scanstaken 24
hours after treatment, which show laser necrosed
areas as new zones of non-enhancement. The size of
the zone of necrosis depends on the number of laser
fibresused, but it is possible to necroselesions up to

about 4 cm-5cmin diameter. Treated areashed mainly
with regeneration of normal liver. ILPisonly appropriate
for hepatic metastasesin patients with asmall number
of clearly identifiable lesions and no evidence of
extrahepatic disease, but for these individuals, it may
dow down the progression of their disease, andislikely
to be complimentary to chemotherapy. Radiofrequency
heating can achieveasimilar thermal effect without the
need for lasers.

Photodynamic therapy

Photodynamic therapy (PDT) is a technique for
producinglocalised necrosisof tissuewithlight after prior
administration of aphotosensitising agent!” . Drugsthat
are activated by red light are usually chosen asred light
penetrates deeply into tissue, but mucosal disease (e.g.
dysplasia in Barrett’s oesophagus or squamous
oesophagus) might be conveniently treated with green
light, which penetratesonly 1 mm-2 mm. Ontheir own,
neither thelight nor the photosensitising drug produces
any effect. Thebiological effect isphotochemical with
no increase in tissue temperature, so is quite different
from the thermal techniques discussed above. ILP and
PDT are compared in Table 3. In particular, PDT
produces remarkably little effect on connective tissue
likecollagen, soitispossibletoget full thicknessnecrosis
inthewall of thegastrointestinal tract with minimal risk
of perforation®. The effects produced vary with the
photosensitiser used and may prove of value in a
surprisingly wide range of conditions. Potential
applicationsare summarisedin Table 4.

Table 3 Comparison of interstitial laser photocaogulation (ILP)
and photodynamic therapy (PDT)

ILP PDT

Photochemical

Green (510-530nm)

Red (630-675nm)

0.1-0.3 W (higher for
illuminating hollow organs)

Nature of biological effect Thermal
Infrared
(805-1064nm)

Typical laser power per fibre 3-5wW

Wavelength of light used

Effect on connective tissue Destroyed Largely unaffected

Healing Resorption & scarring, Regeneration, sometimes

some regeneration  with scarring

Selectivity of necrosis None Possible between mucosa
between tissue of origin of and underlying muscle in
tumour and other adjacent hollow organs

tissues

Selectivity of necrosis None Minimal

between tumour and tissue

of origin of tumour

Cumulative toxicity None None

Table 4 Potential targets for photodynamic therapy in
gastroenterology

Small, inoperable tumours in endoscopically accessible sites
Areas of dysplasia, especially in Barrett’s oesophagus
Localised pancreatic cancer

Bile duct cancer

As an adjunct to surgery

Palliation of advanced cancers controversial

Eradication of Helicobacter pylori speculative
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Tumors of the gastrointestinal tract

PDT isan attractive option for treating small tumours of

the gastrointestinal tract in patientswho are unsuitable
for surgery. In a series of 123 patients with early
oesophageal cancers treated with PDT using the
photosensitiser porfimer sodium (Photofrin), acomplete
response (no evidenceof tumour onendoscopy or biopsy)

was seen in 87% at 6 monthd®. The disease specific
survival was 75% athough the overall 5 year survival

was only 25%, This means that in the mgjority of the
patients, the cancer was not the main cause of death.

These patients were inoperable dueto comorbidity and
thisminimally invasivetherapy waswell tolerated. Care
must be taken not to treat too extensive alesion as
circumferential scarring inthe musclelayer can causea
stricture. Strictures occured in 35% of the patientsin
this series, although they did all respond to dilatation.
PDT can be applied at any endoscopically accessible
sitein the upper or lower gastrointestinal tract, but it
cannot treat any lesion that has spread beyond the site
of originas, for example, toloca lymph nodes.

Althoughthelight for PDT isapplied locally, the
drugisgiven systemically, which meansthat thewhole
body is photosensitised, including the skin. Thiscan
be aproblem, asthereisarisk of skin damage dueto
drug activation by ambient light. With the
photosensitiser porfimer sodium, patients must avoid
bright sunlight for up to 3 months, although with the
sensitiser mTHPC (meso-tetrahydroxyphenyl chlorin)
itis2-3weeksandwith ALA (5-aminolaevulinicacid),
itisonly 1-2 days.

PDT has been proposed for the palliation of
advanced malignant dysphagia. This was the first
application for which PDT was licensed in the USA
(using porfimer sodium). PDT does providesomerelief
inthissituation, but there are very few casesthat can
be helped by PDT if NdYAG laser therapy or stent
insertion fail, and it is certainly not desirable to make
patients photosensitivefor much of their remaining life?.
PDT may be of value to treat tumour that has grown
over or through a stent that cannot be adjusted and
which cannot tolerate the heat from a NdYAG laser.
Ingenera terms, it seemsmorelogical to licence PDT
for treating early oesophageal cancers, as has been
done by the Japanese authorities, although the UK
seems more likely to follow the American pattern, at
leastinitialy.

Premalignant lesions of the gastrointestinal tract
ALA isanaturally occurring substance which is
converted in vivo through a series of derivatives
to haem via protoporphyrin IX (PPIX). PPIX isa
photosensitiser, and after exogenous administration
of ALA, enough PPIX accumulates to produce a
PDT effect on activation with red or green light!”
(Figure 2). However, in contrast to porfimer
sodium and mTHPC, PPIX accumulates primarily in

the mucosaof hollow organs. Thismakesit possible
to destroy mucosa (normal or abnormal) without
damagingtheunderlyingmusclelayer. Thisisexactly
what is required in the treatment of Barrett’s
oesophagus with dysplasia. In arecent report, using
ALA PDT, high grade dysplasiawas cleared in 10
of 10 and carcinomain situ was cleared in 17 out of
22 patients with Barrett’s oesophagus!*” and in a
randomi sed placebo controlledtrial, thismodality had
asignificant impact on patient outcome!*d, There
were no oesophageal strictures, in contrast to 35%
of 100 patients with high grade dysplasia or
intramucosal carcinoma arising in Barrett’s
oesophagus who were treated with PDT using
porfimer sodiumi*®, However, ALA PDT bringsits
own problems, as the depth of necrosis does not
exceed 2 mm and thisis not always sufficient. Itis
reassuring that the necrosed, neoplastic Barrett’'s
mucosaheal ed with regeneration of normal squamous
mucosa, but follow up biopsies showed that in some
cases, there was still untreated columnar mucosa
under the new squamous mucosa.

Figure 2 Photodynamic therapy for dysplasia in Barrett’s
oesophagus: (a) prior to therapy, columnar lined mucosa is seen
at endoscopy. Dysplasia is not visible, but has been confirmed
histologically; (b) one day after treatment, there is widespread
sloughing of the oesophageal mucosa; (c) one month later, the
oesophagus has completely healed with some regeneration of
sguamous mucosa.
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Endoscopic management of Barrett’ s oesophagus
isgtill adifficult problem. Thermal ablationwithanargon
plasma coagulation or KTP or NdYAG laser involves
moving asmall therapeutic beam acrossthe areato be
treated under direct endoscopic vision. It is easy to
undertreat, and leave abnormal mucosa, or overtreat,
withtherisk of musclescarring or even perforation. With
PDT, balloonlight ddlivery systemsareavailablewhich
illuminate all the relevant mucosaevenly, and thereis
very littlerisk of perforation, but using porfimer sodium,
thereisahighrisk of astricture asthereisno selectivity
of effect between the mucosa and underlying layers.
PDT with ALA isthe only technique at present that
seems able to produce a selective effect, necrosing
mucosa but not the underlying muscle, but to date, the
resultsareno better than using other ablativetechniques.
Moreresearchisneededtofind reliablewaysof ensuring
that thefull thicknessof the abnormal mucosaisablated.
In the present situation, surgery istill the treatment of
choice for patients with high grade dysplasia or early
carcinoma in Barrett’s oesophagus. PDT should be
reserved for thosewho areunfit for surgery. Endoscopic
treatment of Barrett’ s oesophagus without evidence of
dysplasiashould belimitedtothecontext of clinicd trids.
Since dysplasiaand even cancer has been reported to
occur in areastreated by PDT which have reverted to
‘normal’ squamousepitheium after treatment, longterm
surveillance endoscopy isstill needed in patientstreated
thisway.

TUMOURS OF THE PANCREAS AND BILE DUCT
Pancreatic cancer

Most of the applicationsof PDT in gastroenterology
have been for lesions of the luminal gut. Interest is
now growing in using thismodality to treat localised
tumours of the pancreas and bile ducts. Animal

studies have shown that the pancreas and adjacent
normal tissues can tolerate PDT and that necrosis can
be produced in cancers transplanted into the hamster
pancreas. Theseresultsjustified apilot clinical study!™.
ThetechniqueisshowninFigure 3. Sixteen patientswith
small, localised, pancrestic cancers, not involving major
blood vessels, were sensitised intravenously with
mMTHPC. Threedayslater, up to 4 needleswereinserted
into the tumour percutaneously under computerised
tomography (CT) guidance and laser fibres passed
through the needlesto activate the drug in the tumour.
Contrast enhanced CT scans afew days |later showed
new areasof devascularisationinthe pancreascons stent
with PDT induced necrosis (Figure 4). There were no
serious complications, and most patients were out of
hospital within a week. The median survival from
diagnosis was 12.5 months with the longest surviving
subject living for 34 months. Thesepreliminary dataare
encouraging but randomisedtrid sareneeded to establish
just how successful thisaproach will be. At present, itis
far too early to judgewhat role PDT may developinthe
management of this unpleasant cancer.

Cholangiocarcinoma

Themedian survival in patientswith unresectable hilar
cholangiocarcinomais 4-6 months due to refractory
cholestasis or sepsis. PDT may have arole in the
treatment of bileduct cancers, particularly for relief of
obstructivejaundicewhen biliary stentsareineffective
or become occluded. Two small uncontrolled studies
have shown prolongation of survival in this group of
patients to more than one year and interstingly, areas
of tumour not directly illuminated have also undergone
regression, presumably due to conduction of light
through the biliary treel*>1¢, Larger, controlled
studies are needed in this area.

Figure 3 Photodynamic therapy for treatment of a small pancreatic cancer. Three days after photosensitisation with mTHPC, light is
delivered to the tumour via fibres passed through needles positioned percutaneously under CT guidance. (Reproduced with permission from

Bown SG, Br Med J, 1998;316:754-757)
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Figure 4 CT scans (a) before and (b) one week after PDT for pancreatic cancer. The tumour surrounding the biliary stent seen in the first
scan has been replaced by a low density area of necrosis.

FUTURE APPLICATIONS OF PDT

A logical application of PDT is as an adjunct to
surgery, to destroy small tumour depositsthat are not
visible to the naked eye or which involve areas that
can not be resected. One randomised trial has been
reported looking at PDT as an adjunct to resection
of rectal cancers, but there was no difference
between the two groups in the incidence of local
recurrencel’,

A more speculative application of PDT isfor the
treatment of Helicobacter pylori. Withtheincreasing
incidenceof antibioticresistance, it would beattractive
to have an alternative therapy and all sites colonised
by H. pylori are easily accessible endoscopically for
light delivery. The organismiscertainly sensitiveto
PDT in culture, using methylene blue as the
photosensitiser, and preliminary ex vivo experiments
have al so given encouraging results*®, but it would
take considerable technical ingenuity to get adequate
drug and light to all relevant sitesto make thisworth
tryingclinically.

TISSUE SPECTROSCOPY

Tissue spectroscopy isaway of interrogating tissueto
obtain acharacteristic ‘tissue signature’ that revealsits
underlying histology. A number of spectroscopic
techniquesexist but al exploit the interaction between
specific properties of light and the tissues under
interrogation.

FLUORESCENCE ENDOSCOPY

All tissues exhibit anatural fluorescence. In luminal
organs, dysplastic mucosa has a different
fluorescence spectrum to normal tissue and this can
be detected using specially modified endoscopesto
emit blue light (either laser or a broader band
source) and very sensitive camerasthat detect green

or red light. Thetechniqueisaready proving useful for
detectingearly lesionsinthebronchial tree. Theaccuracy
of thistechniqueisa so under investigation for dysplasia
in Barrett’ s oesophagus or in chronic ulcerative colitis
but in both cases, the findings are confounded by the
weak signals generated and the small differences
between thefluorescencesigna of normal, inflamed and
dysplastictissues. Studiesare al so underway to enhance
thedifferencesbetween normal and dysplasiaby giving
adrug exogenoudly that is selectively concentrated in
the areas of dysplasiabut thisdoes not asyet appear to
bebeneficid. Althoughtheideaispromising, red clinical
application still seemsalongway away.

ELASTIC SCATTERING: ‘OPTICAL BIOPSY’

This technique exploits the difference in scattering of
light of variouswavel engthsby different sized particles-
the same principlethat explainswhy the ky isblueand
sunsetsarered. It useswhite light passed down aprobe
placed through thebiopsy channel of anendoscope. This
is a point measurement, like a biopsy but has the
advantageof dmost instantaneousdiagnosis. Again, this
isin early stages of development, but it is cheap, does
not requirecomplex equipment andinitia reportssuggest
ahigh degree of accuracy**%,

CONCLUSIONS

Thermal laser is an established tool for endoscopic
palliation of advanced gastrointestinal tract cancers.
Interstitial laser photocoagulation may help in the
management of patientswith asmall number of isolated
hepatic metastases. However, the most important new
applicationsof lasersbeing devel opedin gastroenterology
areinphotodynamictherapy, particularly for theendoscopic
treatment of dysplasiain Barrett’ s oesophagus; for the
treatment of small inoperable tumours in the
gastrointestinal tract and in the pancreatobiliary
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system. Finally, light based ‘ optical’ methods are
under investigation for instantaneousdiagnosisinthegut
and thesemay enablemoreaccurateand faster diagnosis
than have been available hitherto. Thelatter techniques
areonly at an early stage of clinical trials, but if these
studiesare successful, PDT and optical diagnosiscould
find animportant rolein gastroenterology practice.
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