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ABSTRACT: Fifty patients with malignant supratentorial tumours were treated with intra-operative photodynamic
therapy (PDT); in 33 cases the tumour was recurrent. In 45 patients the tumour was a cergbral glioma and in 5 cases a
solitary cerebral metastagis. All patients received a porphyrin photosensitizer 18-24 hours pre-operatively.
Photeillumination was carried out at 630 om to a tumour cavity created by radical tumour resection and/or tumour cyst
drainage: The light energy density ranged from 8 to 175 J/cm2. In 8 patients additional interstitial light was adminis-
tered. The opérative mortality was 4%. Follow up has ranged from 1 to 30 months. The median survival for the 45 pri-
mary malignant tumours was 8.6 mioriths with a 1 and 2 year actuarial survival rate of 32% and 18%, respectively. In 12
patients a complete or near complete CT scan response was identified post PDT. These patients tended to have a
tumour geometry (eg. cystic) that allowed complete or near complete light distribution to the tumour. The median sur-
vival for this group was 17.1 months with a 1 and 2 year actuarial survival of 62% and 38%, respectively. In the 33
cases who did not have a complete response the median survival was 6.5 months with a 1 and 2 year actuarial survival
of 22% and 11%, respectively. Photodynamic therapy of malignant brain tumours can be carried out with aeceptable
risk. Good responses appear to be related to adequate light delivery to the tumour.

RESUME: Thérapie photodynamique des tumeurs malignes du cerveau Cinquante patients atteints de tumeurs
malignes sus-tentorielles ont été traités par thérapie photodynamique (TPD) peropératoire; dans 33 cas, il s’agissait
d’unme récidive. Chez 45 patients, la turieur était un gliome cérébral et chez 5 cas, une métastase cérébrale unique. Tous
les panents ont regu une porphyrine pholosenmblhsamce 18 a 24 heures avant I’opération. On a procédé 2 la photoiliu-
mination & 630 nm au niveau d’une cavité tumorale créée par résection radicale de la tumeur et/ou par drainage d’une
tumeur kystique. La densité de 1’énergie lumineuse variait de 8 a 175 J/cm2. Chez 8 patients on a administré de la
lumigre interstitielle additionnelle. La mortalit€ opératoire a ét€ de 4%. Le suivi de ces patients varie de 1 4 30 mois. La'
survie médiane pour les 45 tumeurs malignes primitives était de 8.6 mois avec un tanx de survie actuariel a 1 et 2 ans
de 32% et 18% respectivement. Chez 12 patients, une réponse compléte ou presque compléte a été€ identifée au CT scan
post PDT. Ces patients avaient en général une tumeur dont la géométrie (ex. kystique) permettait une distribution com-
plete ou presque compléte de la luniere 4 la tumeur. La survie médiane de ce groupe était de 17.1 mois avec un taux de
survie actuariel & 1 et 2 ans de 62% et de 38% respectivement. Chez les 33 cas qui n’ont pas eu une réponse compléte,
la survie médiane était de 6.5 mois avec un taux de survie actuariel a 1 et 2 ans de 22% et 11% respectivement. La
thérapie photodynamique des tumeurs malignes du cerveau peut étre effectuée avec un niveau de risque acceptable. Les
bonnes réponses semblent Etre lies a une distribution adéquate de la lumiére a la tumeur.
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In spite of the advances in surgery, radiation therapy and
chemotherapy, the prognosis for primary malignant brain
tumours remains very poor.! These tumours result in morbidity
and mortality as the consequence of their local effects on the
brain; therefore, improved local control would be expected to
result in prolongation of survival. Photodynamic therapy (PDT)
is a local treatment which consists of the exposure of neoplastic
tissue to visible light of an appropriate wavelength in order to
aclivate a photosensitizer administered prior to the light appllca-
lion.

A photosensitizer should ideally have no systemic toxicity,
be taken up and retained by malignant tissue only, have absorp-

——

tion of wave lengths normally transmitted by the tissue and be
efficient in destroying malignant tissue. Hematoporphyrin
derivative (HPD), an acidification product of hematoporphyrin
(HP),2 and, dihematoporphyrin ether (DHE), a more purified
form of HPD, have been the most widely used photo-
sensitizers;3 and, have been extensively reviewed.#

The semi-selective uptake of porphyrin sensitizers in experi-
mental and human brain tumours has been shown,567 and, the
tumour cell cytotoxicity of PDT in a number of experimental
murine brain tumour models has been demonstrated.8.9.10
Human brain tumour explants have also been shown in vitro to
be susceptible to PDT.!!
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Experience in the use of PDT in the treatment of brain
tumours is growing. A number of clinical studies and their
updates have been reported.!22l We are reporting our first 50
patients with malignant supratentorial tumours treated with
intra-operative PDT.

MATERIAL AND METHODS

Patient Population

Forty-five patients with primary malignant supratentorial
brain tumours and 5 patients with solitary metastatic brain
tumours were selected for PDT after obtaining informed consent
and according to a protocol approved by the Ethics Review
Committee of the University of Toronto and St. Michael’s
Hospital, Toronto. Patient characteristics and light dose charac-
teristics are given in Table 1.

There were 22 patients with glioblastoma multiforme
(GBM), 18 with malignant astrocytomas and, 2 with malignant
ependymoma, and 1 each with primitive neuroectodermal
tumour, malignant mixed glioma and malignant meningioma.
For the purpose of assessment the patients with GBM and PNET
were grouped together as GBM and the other primary tumours
were grouped under the heading of non-GBM malignant glioma.
There were 29 males and 21 females. The ages ranged from 17
to 73 (mean age = 48 years). The pre-operative Karnofsky
scores of the entire group ranged from 40-100 (mean = 73).

In 28 of the 45 patients with primary tumours, the tumour
had recurred after surgical treatment and radiotherapy; PDT was
utilized in these patients as a component of their surgical pallia-
tion; in 17 patients PDT was used as a part of their primary
treatment and radiotherapy was administered 1-3 weeks after
PDT. All 5 cases of metastatic cerebral tumours had recurred
after radiation therapy. The radiation dose, whether the radio-
therapy was pre- or post-PDT, was 5000-5500 cGy administered
in 5-6 weeks in all cases except one who received superfraction-
ated radiation (6140 c¢Gy) one year prior to recurrence and PDT.

Photosensitizer

The first 8 patients in this series received HPD (Photofrin I),
procured from Photophrin Inc., Cheecktawaga, New York. The
next 24 received DHE (Photofrin II), provided by Photofrin
Medical Inc., Rariton, New Jersey. The remaining 18 cases in
this series received either HPD kindly supplied by Dr. J.
Kennedy, Ontario Cancer Foundation, Kingston, Ontario or
DHE supplied by QLT Phototherapeutics Inc., Vancouver,
British Columbia. The photosensitizers were administered over
ten minutes through an intravenous line which was infusing 5%
dextrose in saline. In the first 8 cases the dose approximated

Table 1: Patient and Treatment Characteristics

All GBM Non-GBM MET:

Number 50 23 22 5
Mean Age 48 (17-73) 48 45 61
Mean

Kamofsky 73 (40-100) 71 75 70
Male/Female 29/21 13/10 13/9 TR
New/Recurrent  33/17 9/14 8/14 0/5
Median Energy 1440 1080 1650 2025 (1)
Median Energy

Density 27 24 37 61 (J/ICM2)
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5 mg/kg; in all subsequent cases the dose approximated
2 mg/kg. The photosensitizer was administered to each patient
18-24 hours prior to intra-operative photoillumination. After the
administration of photosensitizer patients were kept in a sub-
dued light environment for 7 days and advised to avoid direct
and indirect sunlight for 60 days.

Surgical Treatment and Photoillumination

Eighteen to twenty-four hours after administration of photo-
sensitizer the patients were taken to the operating room where a
maximal tumour resection was carried out or a cyst drainage
procedure was fashioned. The resulting tumour cavity was
photoilluminated using an inflatable balloon applicator coupled
to a 7.5 Watt argon dye pump laser (Cooper Medical, Mountain
View, California).

The balloon applicator (Figure 1) has been described in detail
elsewhere by Wilson et al.22 In brief, it consists of a metal cylin-
der through which 3 channels pass, a central channel and two
side channels. The central channel was used to conduct a single
strand optic fiber (400 um core diameter, 800 um outside diam-
eter, 0.4 nominal numerical aperture) which was coupled to the
laser. The end of the fiber was cleaved so thadt light emerged as a
forward directed cone in air."In order to convert this light cone
into a uniform spherical distribution the fiber was passed
through the cylinder into an inflatable balloon. The balloon was
inflated via one of the side channels with a 1:1000 dilution of
sterile Nutralipid or Intralipid (Pharmacia (Canada) Inc., Dorval,
Quebec) which have been shown to be ideal light dispersion
media.?2 The degree of balloon inflation was such as to produce
a snug fit in the tumour cavity (Figure 2). L

The use of the applicator allowed in vivo measurement of the
penetration depth of 630 nm light in the human brain in selected
cases. The methods have been described elsewhere.22.23

Light Dose

For each case the laser was tuned to a wavelength of 630 nm;
the wavelength was confirmed with a spectroscope (26-6270
Hartridge reversion spectroscope). The fiber output was mea-
sured with a radiometer/photometer (Photodyne model 88XLA,
model 350 sensor head). Power at the fiber tip ranged from
0.175 to 1.000 Watts. The total light energy delivered ranged
from 440 to 3888 Joules and the light energy density, measured
at the applicator surface, ranged from 8 to 175 J/cm2. No tissue
heating occurred at these energy levels. In the 8 patients who
had line fiber interstial photoillumination, in addition to cavitary
illumination, the light energy delivered by the line fibers was
114-675 Joules and the light dose was 60-945 J/cm.

Post-Operative Management

All patients received their post-operative treatment in our
neurosurgical ICU for a minimum of 72 hours. All PDT patients
received dexamethasone 8 mg q6bh for 3-5 post-operative days
with subsequent dose reduction; and phenytoin 100 mg q8h.
Patients were followed with regolar neurological examinations
and CT scans. ’

RESULTS

Complications of Photodynamic Therapy (whole series)

There were two post-operative deaths; these occurred as the
consequence of hematoma accumulation in extensive tumour
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Figure 1 — The balloon irradiator in schematic form.

resection cavilies, In'3 patients neurological function was worse
post-operatively and did not recover. In these patients pre-opera-
tive hemiparesis was present and they underwent a radical
subtotal resection of a large recurrent tumour mass. Although
there was considerable post-operative cerebral edema further
surgical tréatment was not utilized. Five other patients had tran-
sient post-operative neurological worsening. In two of these
tases acute reoperation was required for the treaiment of
intracranial hypertension secondary to cercbral edema. Brain
and residual tumour tissue, resected at the second craniotomy,
tevealed hemorrhagic necrosis on histologic examination.

Four patients developed wound infections; two reguired sur-
-Bical drainage and removal of an infected bone flap and two
Tequired only antibiotic therapy, since their infections were only
Superficial. Four patients, two of whom were hemiparetic,
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Figure 2 — The balloon irradiator in situ surrounded by brain.

developed deep vein thrombosis and required anticoagulant
therapy. One of these patients died of a pulmonary embolus
while undergoing radiotherapy.

There were no adverse systemic reactions to the administra-
tion of the porphyrin photosensitizers. Two patients showed
mild erytherna after sun exposure. One patient who had an inter-
stitial injection of DHE at his IV site developed a local second
degree burn afier exposure to low intensity room lights 8 days
post-injection.

CT Tumour Response (malignant gliomas)

All patients showed change on their post-operative CT scans
which could be attributed to surgery andfor PDT. However, in
12 of the 45 primary tumour patients, the wmour disappeared on
CT scan. Of this group 6 did not receive any post-PDT radio-
therapy or chemotherapy and had declining or no steroid
requirement. In another 4 patients the area of original tumour
reinained stable or decreased; in spite of which tumour devel-
oped remote from the site of treatment. We concluded that the
PDT associated response rate was 35%.

In those cases where the tumour response was obvnous the
tumour tended (o be cystic or small. Large solid tumours where
the photoillumination could be surmised 10 be incomplete tend-
ed to show an incomplete CT scan response.

Post-Operative Survival (malignant gliomas)

In the interval between PDT and death or last follow up there
was a death rate of 0.92 per observation year. In the interval
between first operation and death or last follow up there was a
death rate of 0.41 per observation year. The death rates for the
three pathologic tumour groupings are shown in Table 2. The
calculated median survival, l-year and 2-year actuarial survival
rates, and deaths per observation year are shown in Table 3 by
groupings. Patients with non-GBM primary gliomas, a higher
Karnofsky score and younger age survived longer than their
counterparts.

Patients with de novo tumours underwent post-PDT radia-
tion; they had an insignificantly greater median survival after
PDT than did the recurrent group whose members received no
post-PDT radiation therapy. They showed similar survival at 2
years.
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Table 2: Deaths Per Observation Year By Pathologic Grouping

Number From PDT  From l1st Treatment
Series 50 1.00 0.41
Non-GBM 23 0.65 0.28
GBM 22 1.42 0.59
MET 5 2.27 —_

The median light dose for patients with primary gliomas was
1400 J. There was no difference in median survival between the
group whose members received >1400 J and the group whose
members received <1400 J; however, the high light dose group
had a higher proportion of 1 and 2 year survivors. On the other
hand there was a significant difference between high and low
light doses in the non-GBM group. Those that received >1500 J
had a median survival almost three times that of the group
whose members received <1500 J.

The 12 patients with primary malignant brain tumours treat-
ed with PDT who had a complete CT scan response had a medi-
an survival of 17.1 months with the 1 and 2 year survival of 62
and 38%, respectively. The median survival of non total CT
responders was 6.5 months with the 1 and 2 year actuarial sur-
vival of 22 and 11%, respectively. It is evident that complete CT
scan response is translated into prolongation of survival.

DISCUSSION

Tumours of the nervous system account for 0.45% of all
deaths and approximately 3% of all cancer deaths in the United
States.?4 Primary brain tumours account for 2-3% of the cancer
burden in North America.25 They are the 6th most common
cause of cancer mortality in the population over the age of 20
years.2> Malignant tumours of the astrocytic type (glioblastoma
multiforme and malignant astrocytoma) are the most common
primary brain tumours. These tumours have a very bad progno-

Table 3: Survival of Patients with Primary Malignant Gliomas

Subgroup Number Median 1-Year 2-Year D/Year
Glioma 45 8.6 32 18 0.92
GBM 23 6.3 22 0 1.49
Non-GBM 22 10.9 43 31 0.88
Age <48 23 8.1 31 22 0.82
Age >48 22 7.0 34 14 1.05
Karn <75 22 9.1 41 29 0.61
Karn >75 23 6.5 24 7 1.37
Newly Diagnosed 28 9.9 38 21 072
Recurrent 17 6.6 28 16 1.33
TJ <1400 22 7.5 23 9 1.15
TJ >1400 23 7.7 42 26 0.70 °
Non-GBM ] .

TJ <1650 11 6.6 27 27 0.76
Non-GBM

TJI>1650 11 18.0 59 36 0.42
CT Complete

RESP 12 17.1 62 38. 045
CT Incomplete 33 6.5 22 11 1.55

D/YR = deaths per observation year
KARN = Kamofsky score
TJ = total light energy administered
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sis; median survival after surgical treatment and post-operative
radiotherapy is less than 1 year and the 2 year actuarial survival
is less than 20%.26-30

Primary malignant brain tumours result in morbidity and
mortality as the consequence of their local effects on the brain
(they do not metastasize); therefore, improved local control
would be expected to result in prolongation of survival. Photo-
dynamic therapy (PDT), which consists of the exposure of neo-
plastic tissue to visible light of an appropriate wavelength in
order to activate a photosensitizer administered prior to the light
application, appears to be a local therapy worthy of assessment
in the treatment of these highly lethal primary brain tumours.

Experience in the use of PDT in the treatment of brain
tumours is limited. Perria et al20 were the first to use PDT in the
treatment of malignant brain tumours; they reported no signifi-
cant complications attributable to the PDT in their series of 9
patients. Laws et all4 reported a phase I study utilizing PDT in
the treatment of recurrent malignant brain tumours. No neuro-
logical complications occurred as the consequence of the photo-
dynamic therapy. McCulloch et all? reported their experience
with malignant astrocytic tumours treated with PDT and post-
operative radiotherapy; 3 of the 9 patients were alive 17-42
months after treatment. Their complication rate was small
although they did note an increase in post-operative cerebral
edema. Laws and Wharen!5 noted that 3 patients developed
wound infections and 2 had transient cerebral edema among 22
brain tumour patients which they had treated with PDT. Laws
et allé subsequently noted that if tissue heating is avoided dur-
ing PDT post therapy cerebral edema does not occur. Muller and
Wilson20 reported their preliminary experience in 8 patients
using intraoperative cavitary photoillumination by an inflatable
balloon with non post-operative mortality. Kaye et all2 reported
the results in 23 patients with brain tumours which suggested
that higher doses of light resulted in longer survival than lower
doses. They did not identify any increase in cerebral edema and
noted no significant toxicity. Kostron et al!3 treated a number of
brain tumour patients with intra-operative local HPD application
prior to light administration. Perria et al2! reported 8 further
cases and elucidated the short comings of PDT in the treatment
of brain tumours. o

We have noted an increase in cerebral edema and a signifi-
cant increase in post-operative ICP in spite of the administration
of peri-operative steroid. The mean post-operative ICP over the
first 24-36 hours was twice that of a control group which under-
went similar surgery for similar pathology but did not receive
intra-operative PDT.1% In two patients who deteriorated post:
operatively secondary to cerebral edema, reoperation yielded
gross hemorrhagic necrosis of residual wmour, In our method ©
photoillumination using the balloon applicator no increase I
local tissue temperature occurs. -

We suspected that the cerebral edema was the consequenc®
of tissue necrosis early after the application of PDT. The c!ab_ﬂ_'_
ration of the products of tissue necrosis result in local and di¥*
tant-edema as these products diffuse through the neuropil. THer®
appeared 1o be a relationship between the size of the resectiol
cavity (and thus the area photoilluminated) and the degree 2
cerebral edema. The larger the surface area photoilluminale
greater the tissue volume subjected to the photodynami¢ e al;-'
and the larger the expected tissue necrosis. The use of (e 2
loon irradiator itself may have contributed to the cerebral © et
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by acting as a brain retractor; we did attempt to minimize this
pressure effect by careful placement of the balloen.

In our series |7 patients were newly diagnosed and thus had
radiation therapy after PDT. We identified no increase in radia-
tion related complications post-PDT. In the series of Kaye
et ali? 15 palients were newly diagnosed and underwent post-
PDT radiation with no radiation associsted complications.

Laws and Wharen!> noted a 9% infection rate in their series.
We have had a 8% rate although only 2 patients required surgi-
cal treatment for their infections. This infection rate is approxi-
mately 4 times the expected. It is likely related to the increased
operative time for photoillumination, the increased intra-opera-
tive equipment requirements and the often compromised issves
{in our series all wound and bone flap infections occurred in
patients who had previous surgery and radiotherapy).

We measured the penetration depth (that distance in mm

-through which the light flux is reduced te 37% of its incident
intensity) of 630 nm light in brain i vive in 8 patients.23 There
was considerable variation in the penetration depth from patient
to patient and from place to place in the same patient,

Nevertheless, the average penetration depth was greater in .

tumour than in normal brain. The mean (mm) and s.d. for the
penetration depth of brain, tumour infiltrated brain and tumour
alone were 1.5+ 0.43,2.4 £ 1.2 and 2.9 £ 1.5, respectively. The
range of penetration depths for brain, tumour infiltrated brain
and temour alone were 1.2-2.2, 0.8-4.9 and 1.2-4.5 mm, respec-
tively. Although the “tumour necrosis distance™ may be
3-5 times the penetration depth, this distance is relatively short
in comparison to the usual size of malignant glial neoplasms
which present with an average mass of greater than 30 grams.
The relatively shori tissue penetration of light limits the degree
of mour tissue photoillumination and may account for some of
our failures.

In our series 45 patients had primary malignant supratentori-
al neoplasms and 5 had single cerebral metastases. The method
of surgical treatment was similar in all cases aithough there was
variation in light dose. The observed death rates for single cere-
bral metastases, GBM or non-GBM primary gliomas were 2.27,
[.42 and 0.65 deaths per observation year, respectively, Table |
summaries the survival results. In patients with non-GBM
malignant gliomas the group that received greater than the
median light energy survived longer than those who received
less than the median. And, those who had a full post-PDT CT
scan response survived significantly longer than those whose
CT response was ingomplete.

Because of the lack of prospective controls a conclusion per-
wgining to the efficacy of PDT in the treatment of malignant
brain twmours can not yet be made. However, a number of con-
clusions can be drawn.

PDT had an acceptable level of risk in the treatment of
patients. with malignant brain tumours. PDT was active against
some gliomas, CT scan response transiated into prolonged sur-
vival, Higher light doses appear to improve survival, The rela-
tively short penetration depth was a limiting factor.
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