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ABBREVIATIONS:

ALA 5-aminolevulinic acid

AUC Area under the curve

CNS Central nervous system

Fig. Figure

MR(I) Magnetic resonance imaging
PpIX Protoporphyrin 1X
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fluorescence is only one of many technical adjuncts to surgery, and resection relies on numerous
factors that are part of neurosurgical training and experience. Thus, only general comments can be
given here.

Fluorescence does not reduce the necessity for using mapping and monitoring techniques in
patients at risk because tumours are associated with important brain structures.

In patients undergoing subtotal resection with minimal residual disease, tumour fluorescence can
allow the surgeon to specifically identify and minimise residual tumour in critical areas.

Apart from identifying residual disease, fluorescence can help when approaching deep-Seated
tumours or for defining a surgical strategy when diseased tissue is identified early daxing Surgery.
Gliolan® should not be used as a tool for establishing the diagnosis of high-grade glioma, but is
used as an aid to perform maximum safe resection. Some cases of fluorescence in conditions other
than gliomas have been reported. The differential diagnosis for lesions,Showing fluorescence,
when surgery for a suspected high-grade glioma was performed, include: inflammation, fungal or
bacterial infection/abscess, necrotic tissue, multiple sclerosisy, “and neurodegenerative
demyelinating disease (23).

HOW TO APPLY GLIOLAN® IN THE CORRECT DOSE AND TIME REGIMEN

What is the rationale behind the Gliolan® treatment regimen?

Fluorescence-guided resections using ALA are perfarmed, using an oral dose of 20 mg ALA/kg
bodyweight. Dexamethasone is given as clinically.indicated, with a usually recommended dose of
3x4mg per day for 2 days in preparationefor surgery. In the pivotal trial for Gliolan®,
dexamethasone had not been administered invthe_morning prior to Gliolan® and for three hours
thereafter. This regimen has proven efficient\and might be advisable to rule out any theoretical
interaction of dexamethasone and the blood=brain barrier, possibly impairing ALA uptake.

Lower doses of Gliolan® (0.2 and-2 mg/kg) have been tested but found to generate considerably
less fluorescence and were thusrabandoned (24). That same study revealed no differences in the
frequency of adverse and severe adverse events between the three doses.

Higher doses of up to 50.mg/kg*bodyweight have been tested in a dose escalation study; no
increase in adversesevents of grade 2 or higher was found and dose-limiting toxicity was not
reached (25). However, systemic side effects with higher doses of ALA, as used in other
indications, have been reported (26-29). Furthermore, the accumulation of PpIX is limited, e.g.
10 x ALA leads\toenly 3 x overall PplX content (area under the curve [AUC]) and 1.6 x max.
peak PpkX.Other factors, e.g. illumination intensity, play a comparable or larger role than PplX
content.

At what time is Gliolan® given?
ALA is given to patients orally 2 to 4 hours before the induction of anaesthesia.

For surgery on patients it was calculated that induction of anaesthesia, positioning of the patient,
draping, and craniotomy would take approximately 1.5 to 2 hours. Allowing another hour for
removal of the clearly discernible tumour core, surgeons would be 3 to 3.5 hours into the operation
before fluorescence guidance becomes necessary. A recent publication found that the maximum
PpIX plasma level is reached 7 — 8 hours after oral administration of 20 mg/kg body weight ALA
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During the preparations for surgery the direct illumination of patients’ undraped skin with
operating lights should be avoided. The largest risk may be in patients in whom surgery is
postponed, who are left in the hospital ward bed, and who are at risk of being exposed to outside
light. Restrictions regarding light exposure are maintained for 24 hours after ALA administration.

WHICH ASPECTS HAVE TO BE CONSIDERED REGARDING INTRA-OPERATIVE
PHOTOSENSITISATION OF NORMAL BRAIN TISSUE?

Spectrographic studies have confirmed that with 20 mg/kg Gliolan® treatment in patients_pre-
treated with steroids, no ALA-dependent porphyrin fluorescence is detectable within‘normal or
oedematous, perifocal human brain. Experimental results did not show any risk of damage to
healthy brain tissue during fluorescence-guided neurosurgery by phototoxicrmeehanisms as the
amount of light needed to cause phototoxic damage is much higher than that emitted by the surgical
microscope (13, 33).

WHICH EQUIPMENT IS REQUIRED?

Fluorescence-guided resections using Gliolan® are approved‘forwse‘with specifically modified
surgical microscopes.

Fluorescence imaging hardware has to be adapted to the'microscope. The microscope features a
specific combination of excitation and emission filters with slightly overlapping transmission (22).
Due to the overlap, a small fraction of the, excitation light is remitted from tissue, which gives
normal brain a blue tone in contrast to bright red“porphyrin fluorescence. The degree of filter
overlap is crucial for successful imaging.Ifithe remitted light is too strong, porphyrin fluorescence
is no longer recognisable. If the remitted light'is too weak, surgery becomes difficult due to the
lack of tissue detail. Also, faint autofluorescence in the red spectral region becomes visible and
can be mistaken for porphyrin fluorescence. Finally, in order to visualise fluorescence on a video
screen for documentation purpeses;specially modified video cameras are needed. During surgery,
the impression directly obtained with the eye should be relied upon as it has the greatest range of
perceiving differences in/fluorescence intensity and distinguishing fluorescing from non-
fluorescing tissue. With the'eamera system it is possible to increase gain and integration arbitrarily
in order for fluoreseence'to appear more intense. However, unaffected brain tissue has a slight red
autofluorescence, ‘which is not perceived under normal conditions or with the eye. Undoing
amplification\of thescamera signal will cause normal tissue to appear vaguely fluorescent (Fig. 4).
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mapping of fibre tracts using tractography. Sonography can be helpful in defining gross anatomy,
for instance when operating on temporal tumours extending toward the basal ganglia.

There are different methods for operating on a malignant glioma. Surgeons might prefer to remove
necrotic and easily distinguishable solid tumour regions first, predominantly under white light, and
then to remove marginal, residual tumour using fluorescence-guided resection. Alternatively, they
might choose to remain in fluorescing tumour margins at the resection plane. Simple suction or
the ultrasound aspirator can be used for removing tumour. Electrocautery will destroy superficial
fluorescence. By sucking away non-fluorescent tissue debris, vital fluorescing tissue is re-exposed
which may then be resected. Blood in the resection cavity quenches the fluorescence,signal but
can easily be removed by suction to give an impression of the fluorescence quality~ofithe tissue.
Conditions do not have to be optimised for demonstrating fluorescence. Rather; switehing from
normal to blue excitation light in the microscope is repeatedly performedrmanually during the
course of the operation. Toward the end, longer periods of the operation‘cambe ‘performed using
blue excitation light alone. If unspecific 0ozing gets too strong and impairs fluerescence detection,
white light illumination with its greater detail is used for coagulating vessels.

DOES PHOTOBLEACHING OF PORPHYRINS DESTROY TISSUE FLUORESCENCE
AND IMPAIR SENSITIVITY?

Under operating light conditions, fluorescence decayed to 36.% in 25 minutes for violet-blue, and
87 minutes for white light (34). During surgery, microscope light is usually directed at a small region
of the resection cavity, whereas other areas are often _covered by coagulated blood or cotton patties.
Still, mild fluorescence may be bleached in“exposed regions of the tumour which are not removed
immediately and may be missed. In this situation<fluorescence may be refreshed by suction and
removal of superficial cell layers. Prelonged. illumination under white light may occur for instance
when waiting for a frozen section.

HOW FAR TO RESECT

Past investigations have demenstrated the extent to which ALA-derived fluorescence
accumulation exceeds the ‘area of contrast-enhancement observed on MRI (13). ALA-derived
fluorescence appears\tobe.more sensitive in delineating residual tumour. Studies have further
demonstrated sensitivitysto be limited to a density of infiltrating tumour cells of about 10 % (35).
Infiltrated brainctissue in these regions might be functionally deficient, however this cannot be
assumed in general.,Furthermore, disruption of the blood-brain barrier regarding small molecules
is a prerequisite for ALA-uptake into the brain. Disruption will also preclude a normal milieu
interiorwithintact function. On the other hand, uncritically going beyond this region might lead
to neurological deficits. It is also evident that tissue manipulation, such as coagulation or shearing,
might.result in damage to neighbouring brain regions, with consequent neurological deficits.
Furthermore, blood vessels supplying adjacent, eloquent blood regions might be damaged, leading
to distant ischaemia, again resulting in neurological deficits.

It is the responsibility of the surgeons to decide how far they are prepared to remove fluorescing
tissue. ALA should not replace a critical awareness of cerebral anatomy, vascular supply and
function of the brain region in which resections are performed.
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Compared to the control group, approximately twice as many patients in the experimental group
were progression-free at 6 months. Supplemental time to event analyses with tumour progression
defined according to the Macdonald criteria clearly show that this increase in progression-free
survival in the experimental arm is not counterbalanced by worsened neurological findings (13).
Nowadays with increased experience, the method has been established and more evidence on the
impact of ALA on the extent of resection and survival for glioma patients has been found (37, 38).
More recently, awareness has increased that mapping and monitoring techniques are of value for
maximising safe resections in glioma surgery (39). While the proficiency of ALA for.finding
residual tissue has remained the same, employing mapping and monitoring techniques wilkfurther
help increase the safety of this method.
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