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Résumeé

Introduction : Le glioblastome est une tumeur cérébrale de haut grade, récidivant localement. La thérapie
photodynamique (PDT) est un traitement local reposant sur [’activation par la lumiére d’un photosensibilisant en
présence d’oxygene, formant des réactifs cytotoxiques. Le fractionnement de ’illumination peut améliorer son
efficacité en permettant une réoxygénation tissulaire.

Objectifs : Evaluer Uefficacité du fractionnement de LUillumination et rechercher une corrélation radio-
histologique en utilisant les séquences IRM de diffusion / perfusion.

Matériels et méthodes : Nous avons greffé des cellules U87 dans le putamen droit de 39 rats immunodéprimés.
Aprés absorption du précurseur photosensibilisant (5-ALA), une fibre optique était introduite dans la tumeur. Les
rats ont été randomisés dans 3 groupes : sans illumination, illumination « 2 fractions » et illumination « 5 frac-
tions ». Les effets du traitement ont été évalués par IRM postopératoire a 72h. Les spécimens furent finalement
sacrifiés pour étude immunohistologique du cerveau.

Résultats : Nous avons observé une augmentation de la diffusion au niveau du centre tumoral parmi les rats
traités, particulierement dans le groupe « 5 fractions ». La perfusion était diminuée au sein de la zone traitée,
d’autant plus dans le groupe « 5 fractions ». L’histologie a confirmé les données de UIRM, avec une nécrose et
une apoptose plus importantes associées a une raréfaction angiogénique dans ’aire de traitement apres multi-
fractionnement « 5 fractions ». Cependant, nous avons observé un cedéme périlésionnel majoré et des signes de
néoangiogénese périphérique aprés PDT « 5 fractions ».

Conclusion : Le traitement interstitiel multifractionné « 5 fractions » induit une nécrose et une apoptose plus
importantes au sein du tissu tumoral mais est également a l’origine d’un ccdéme majoré et d’une néoangiogé-
nese périphérique. La diffusion et perfusion en IRM ont permis de prédire les lésions histologiques.

Abstract

Background: Glioblastoma is a high-grade cerebral tumor with local recurrence and poor outcome. Photodynam-
ic therapy (PDT) is a local treatment based on the light activation of a photosensitizer (PS) in the presence of
oxygen to form cytotoxic species. Fractionation of light delivery may enhance treatment efficiency by restoring
tissue oxygenation.

Objectives: To evaluate the efficiency of two light fractionation schemes, using immunohistological data.
Materials and Methods: Thirty-nine “Nude” rats were grafted with human U87 cells into the right putamen.
After PS precursor intake (5-ALA), an optic fiber was introduced into the tumor. The rats were randomized in
three groups: without light, with 2 fractions and 5 fractions. Treatment effects were assessed from brain im-
munohistology.

Results: Histology confirmed more extensive necrosis and apoptosis associated with a rarified angiogenic net-
work in the treatment area, after multifractionated PDT. However, we observed more surrounding edema and
neovascularization in the peripheral ring after 5-fractionned PDT.

Conclusion: Interstitial PDT with fractionated scheme induced specific tumoral lesions. The 5 fractions scheme
was more efficient, inducing greater tumoral necrosis and apoptosis, but also significant peripheral edema and
neovascularization.
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Figure 1. PDT effects rely on the simultaneous presence of a photosensitiz-
er, light using an optic fiber and the presence of oxygen.

The incidence of high-grade gliomas is constantly increasing
over the last decades, reaching an incidence superior to 5 per
100,000 population and leading to 3% of all cancer deaths for
patients aged 35 to 64 years-old (19). Glioblastoma multi-
forme (GBM) is the most infiltrative and aggressive primitive
cerebral tumour (grade IV, WHO). Despite the armamentari-
um, relying on maximal microsurgical resection followed by a
concomitant radio-chemotherapy, patients harboring GBM still
experience dismal prognosis with a median survival of 15
months (12,20). Due to the invasive character of high-grade
gliomas, GBM recurrence occurs in most of 85% in the 2.5 cm
of the initial operative cavity (22). The key point is to im-
prove local control of the disease. In this context, photody-
namic therapy (PDT), using 5-Aminolevulinic acid (5-ALA) (1)
or talaporfin sodium (17) induced fluorescence, has a role to
play. Recent studies reported a significant overall survival
increase in patients treated with interstitial PDT, up to 4
years (2,26). Interstitial PDT consists in introducing optic fi-
bers directly through the tumor without craniotomy. This
technique is particularly relevant for non-operable tumor such
as insular GBM or for elderly patients. 5-ALA PDT is a non-
thermic technology, based on the synergy of three elements:
a photosensitizer (5-ALA), lighting at a precise wavelength
and the presence of oxygen (Fig 1).

5-ALA is a second-generation photosensitizer (PS) precursor
already used in clinical practice for fluorescence-guided re-
section since 2007 in Europe (9,23,27). 5-ALA is a natural pro-
drug produced in all human cells mitochondrias with the ex-
ception of erythroblasts, which contain no mitochondria (13).
5-ALA is highly selective substance for tumoral tissue, has a
good oral bioavailability and presents a shorter skin photosen-
sitization period in comparison with previous PS (30). Going
through several enzymatic modifications taking part in the
haem biosynthesis, and after a final oxidation step, 5-ALA is
transformed into protoporphyrin IX (PpIX). PpIX is a photoac-
tive compound (the real second generation precursor) which
absorption peak of light is near 635 nm. Following such an
excitation, two types of reactions are occurring:

1) production of free radicals;

2) oxidative species formation (11). In both case the presence
of oxygen is needed to generate such photodynamic interac-
tions. As a matter of fact, treatment delivery has to take into
account the specific tissue oxygen pressure in order to in-

crease therapeutic effects (6). The fractionation of the light-
ing has been proposed to answer this issue (7). During “off”
periods, the tissue oxygen pressure has been reported to in-
crease, allowing repetitive efficient light exposures (7). Light
fractionation is supposed to enhance photodynamic efficiency
without complicating treatment delivery.

Our main hypothesis was that light fractionation is able to
enhance the therapeutic effects of PDT. Our study aimed at
evaluating the effects with immunohistological analysis on a
preclinical model of GBM.

Materials and methods

The main objective of our study was to evaluate the effects of
two distinct light deliveries:

1) 2-fractionated lighting; and

2) 5-fractionated lighting. These two groups were compared
to a SHAM group with no light delivery.

Preclinical model

Ethical considerations

All operative procedures and animal care were performed in
line with the French Government’s guidelines (decree 2001-
464, 29 may 2001) and with the Laboratory Animal Care and
Use Committee. Our institutional ethic review board approved
the study protocol (N°01878.01).

Animals

Specimens were nude rats which phenotype was Fox n1 rnu/
rnu obtained from Charles River®. These partially immuno-
compromised rats were elected to tolerate such a xenograft.
A quarantine period of 10 days from their reception was ob-
served before performing the GBM cells graft. Grafted rats
were aged of 8 weeks and weighted around 150 g.

Cells

We used human GBM cells U87. Cells coming from the Ameri-
can type culture collection (ATCC HTB-14) were preserved at -
80°C. After defrosting, they were cultured as an adherent
monolayer in DMEM, complemented with 10% foetal bovine
serum, 100 units/ml penicillin, 100 pg/ml streptomycin, Glu-
taMAX™ (cell culture media including L-glutamine, L-alanyl-L-
glutamine), sodium pyruvate, additional L-serine, and L-
asparagine. First cultures benefited from additional growing
factors to enhance cell multiplications. Cells incubated in a
5% CO2 atmosphere at 37°C. When a sufficiently high concen-
tration was reached in the culture media, U87 cells were
rinsed with phosphate buffered saline solution. When de-
tached by trypsination, U87 cells were suspended again in
DMEM to obtain a concentration of 10° cells/pL.

Surgical grafting procedure

U87 grafts were performed in stereotactic conditions, allow-
ing a high precision and reproducibility. For anesthetic induc-
tion, a mask was used to deliver isoflurane (4-5%) inhalation
mixed with oxygen (1L/min). During the whole procedure,
sedation was maintained by a continuous isoflurane inhalation
between 2 and 4%, depending on cardiac and respiratory fre-
quencies monitoring. We used a stereotactic frame (900M,
ULTEM-1000, Nylon 6-6 and Delrin, Kopf®, USA) allowing mi-
crometric precision. The head of the rat was maintained at
the center of the frame with to two ear bars (scale on the
bars) perpendicular to the anteroposterior axis. The tooth bar
fixed the plane of the head. An arm connected to the frame
slide and the micromanipulator that could be moved in three
planes of space (x, y, z) with three-micrometer screws. Once
the rat attached to the stereotactic device, local anesthesia
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with subcutaneous injection of 1 mL of 2% lidocaine was per-
formed after skin disinfection. A midline incision of the scalp
was performed and an orthostatic retractor was set up to
discover the bone. The operative area was rinsed with saline
and buffered with sterile gauze to visualize cranial sutures
including bregma and lambda. The horizontality of the head
was controlled by measuring the dorso-ventral coordinates of
bregma and lambda points with, if necessary, adjusting the
positioning of the head. According to the Atlas of Paxinos and
Watson (21), the stereotactic coordinates of the graft site to
the bregma (zero point coordinates) were calculated for im-
plantation at the right caudal putamen. Then, a single burr-
hole craniotomy with a 1 mm drill diameter was performed. A
patented cranial anchor (Publication N°W02012176050), de-
veloped in partnership with the University of Lorraine,
France, was then fixed using a biological glue (Dermabond,
Ethicon). This MRl compatible anchor allowed grafting U87
cells in orthotopic conditions and subsequently permitted to
set in the same site the optic fiber delivering PDT. Once the
cranial anchor firmly stuck, we proceeded with the implemen-
tation of the nanoliter syringe pump fixed on the stereotaxic
apparatus (KDS-310, Kdscientific, Holliston MA, USA). Then we
slowly introduced the 30G needle of a Hamilton syringe con-
taining 7 pL of U87 cells suspension through the cannula of
the anchor. Once in the putamen, the needle was left in place
during 15 min before the start of the injection to allow the
brain tissue to comply with the needle and prevent reflux.
The cells were injected over a period of 10 minutes, at an
injection speed of 0.5 pL/min to deliver a total injected vol-
ume of 5 pL containing 5 x 10°> U87 cells. After injection, the
needle was left in place 15 minutes more before being gradu-
ally removed to avoid the rise of injected cells upon removal
of the syringe needle. A cap was then placed on the cannula
of the anchor. Eventually, skin edges were sutured with Vicryl
4/0 (Ethicon, USA) taking care not to cover the hole of the
anchor. The rat was identified and placed alone in a Plexiglas
cage and monitored until waking-up.

Imaging

A 7 Tesla MRI was used to perform brain imaging on rats
(Bruker, Biospec, Ettlingen, Germany). Treatment decision
was taken when the tumour graft on MRI had a maximum cor-
onal diameter superior to 2 mm. Two types of antenna were
used. A surface antenna placed over the scalp of the animal
for signal reception was used to assess tumor’s growth. For
image-guided procedures, a transceiver cylindrical antenna of
72 mm internal diameter was used to assess the fiber posi-
tioning. Sedation protocol was the same that for surgery.

MRI analyses were carried out 7 days after the U87 graft to
check the quality and the extent of engraftment. Then MRI
was repeated during the treatment. A T2-weighted TurboRA-
RE sequence (24) was systematically performed in the axial
plane to characterize the geometry and the position of the
glial tumor. A T1-weighted sequence was performed routinely
before and after gadolinium injection on the axial plane using
a type of spin echo RARE (32).

Treatment

Interstitial photodynamic therapy (iPDT) delivering

At least 4h prior to the treatment, the photosensitizer precur-
sor (5-ALA) was administered intraperitoneally at a dose of
100 mg/kg (18). All rats, regardless of their group received 5-
ALA injection. During this period, animals were kept away
from direct light exposure to prevent skin reaction, such as
erythema or burn, until 5-ALA elimination after 72h. Before
lighting, the rats were anesthetized as previously described
and placed on the MRI table. A first MRI sequence (T2 and / or
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Figure 2. Description of lighting schemes for each group, SHAM, 2 fractions,
5 fractions. The total energy delivered dose was 25 J at a high power of 30
mW (measured at the fiber tip).

T1) was performed to calculate the depth to which the fiber
was to be introduced to achieve the higher third of the tu-
mour. A silica optic fiber Ultrasil 272 ULS (OFS, Norcross, USA)
of 350 pym outside diameter having a numerical aperture of
0.29 was then inserted into the brain through the cannula of
the anchor, at the predetermined depth. MRI acquisition (T1)
controlled the positioning of the fiber before starting enlight-
enment. Light from a laser diode 635 nm could then be issued
interstitially via the introduced optic fiber. According to the
randomized groups: SHAM, 2 fractions or 5 fractions, the ap-
propriate lighting scheme was delivered (Fig 2). Light pattern
in terms of irradiance and fractionation duration were based
on the work of Curnow et al and the results of Tétard et al
(6,29,28).

For the SHAM group, the fiber was put in place without en-
lightenment. We opted for this type of control group to take
into account any morbidity or mortality induced by the 5-ALA
intraperitoneal injection or the optic fiber positioning that
may impact on the MRl and immunohistological data. For the
2 fractions group, lighting began with a fraction of 5 J deliv-
ered over 2 min 47 s, followed by a pause of 150 s. Then the
20 J remaining were delivered on 11 min 7 s. The 5 fractions
group received 5 fractions of 5 J each, all separated by an
interval of 150 s. Thus the two treated groups received a total
energy of 25 J at with a power of 30 mW at the tip of the
optic fiber.

At the end of treatment, the fiber was removed and the cap
covering the anchor repositioned. The animal was placed
alone in his cage and monitored until the resumption of physi-
ological activity and kept away from light for 24 h to prevent
photosensitivity skin reaction. Every single rat benefited from
post-operative intraperitoneal corticosteroids injection, which
consisted in 1 mg/kg of methylprednisolone, in prevention of
iPDT induced edema.

Post treatment follow-up

Daily clinical monitoring, including a measure of weight, could
detect any complication due to the operation or treatment
and could evaluate the behavior of animals. The animals were
sacrificed by exsanguination under general anesthesia 72h
after iPDT. Euthanasia was earlier in case of signs of neurolog-
ical pains.

Immunohistological analysis

The brains were removed immediately upon the sacrifice and
immersed in formalin (10%, 0.9% NaCl). Hematoxylin and eosin
standard staining was performed on slides from paraffin
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Grafted rats: 39 (35) |

Treated rats: 26 (30) ‘ Untreated rats: 13 (5) |

- Graft failure: 9
- Per procedure death: 2
- Infections: 2

SHAM 2-fractions 5-fractions
8 (10) 9(10) 9 (10)

Figure 3. Study flowchart. Theoretical calculated numbers of samples
appear in brackets.

blocks. The following parameters were particularly studied
and quantified:

o Necrosis

e Inflammation / edema

e Macrophage infiltrate

+ Neoangiogenesis

o Demyelinating lesions

Specific apoptosis analyses were performed by immunohisto-
chemistry using the TUNEL method (Apoptag® Plus Peroxidase
In Situ, Millipore, USA). We stratified the importance of apop-
tosis in three groups: physiological number of apoptotic struc-
tures for the studied tissue, number increased slightly com-
pared to the physiological level, and number significantly
increased. A senior neuropathologist reviewed all slides.

Statistical analysis

The number of subjects required was estimated to obtain a
statistical power of 80%, a = 5%. However, given the prelimi-
nary nature of this study, we did not have available literature
data for approaching the minimum difference of interest or
the variance for the tested parameters. We used as refer-
ences other preclinical studies in rats to clarify the sample
size, taking into account 10-15% loss (3). Ideally, we wanted
to achieve more than 10 animals per group. For treatment
allocation, we performed randomization in blocks of 6 to bal-
ance the size of each of the 3 groups, SHAM, 2 fractions and 5
fractions.

Continuous data were presented with their mean and stand-
ard deviation (o) or median and interquartile range (IQR) (e.g.
volume measurements median). In front of small samples, non
-parametric test were conducted. To test the symmetry of
distribution among samples, Wilcoxon Rank Sum test was per-
formed. For comparison tests between more than two inde-
pendent groups, we used the Kruskal-Wallis test. To compare
independent groups with ordered alternatives, the Jonck-

heere-Tepstra trend test was done (e.g. diffusion gradient or
perfusion according to the allocated treatment). To compare
the histological findings, considering small numbers
(theoretical groups < 5) we performed Fisher exact test. Data
were analyzed with SAS software version 9.3 (SAS Institute,
Cary, NC).

Results

We performed transplants in 39 rats. Twelve rats benefited
from a second graft procedure after failure of the first. The
mean duration of graft operation was 2 h. Among them, 26
specimens developed sufficiently large tumors to be treated.
The rate of satisfactory graft reached 51%. The transplant
procedure was well tolerated by the majority of rats. We
reported 2 deaths related to an Isoflurane overdose during
anesthesia that caused cardiorespiratory arrest. Two addition-
al rats harbored a surgical site infection. They had to be sacri-
ficed earlier. The median time before the tumor reached a
size compatible with iPDT was 15 days (IQR, 11-22). The mean
tumor volume measured on MRl was 4.7 mm? (o = 2.86). The
mean treated volume did not differ significantly between the
3 groups, SHAM, monofractionated and multifractionated (p =
0.44).

After randomization of the 26 rats immediately before treat-
ment, we obtained 8 rats in the SHAM group, 9 in the 2 frac-
tions group and 9 in the 5 fractions group (Fig 3).

Anatomopathology

19 tumors slides with HE staining over the 24 treated rats
were studied (Table 1). Indeed, 5 slides could not be inter-
preted because of aliasing artifacts or incorrectly fixed tissue.
The extent of necrosis was significantly greater among the
treated group compared to the SHAM group (p < 0.001). We
observed a more extensive necrosis in the 5 fractions group in
comparison with the 2 fractions group, without statistical
difference (p = 0.47). The necrosis induced by PDT resulted in
dissociation between the tumor and the adjacent parenchy-
ma. In the necrotic area, no more vascular structures were
observed. However, in the periphery of the treated area, we
noticed a higher vascular density (p = 0.017) (Fig 4). These
likely new vessels were found more frequently in the 5 frac-
tions group (p = 0.028). The peritumoral edema was also more
extensive in the treated groups (p = 0.009), but with no dif-
ference between the 2 fractions or the 5 fractions group. A
major macrophagic infiltration was associated to this edema
among treated rats (p = 0.006). In several treated rats, we
observed some vacuolated structures corresponding to demye-
lination injuries (Fig 4).

Necrosis Perlphelral . Peripheral Edema M.ac_roph.aglc
Neovascularization infiltration
Yes No Yes No Yes No Yes No
SHAM 0 7 0 7 5 1 6
2-FRACTIONS 5) 2 2 5 1 5 2
5-FRACTIONS 5 0 5 0 0 5 0 Iﬁri;l;;r.ymstologmal experiments
Table 2. Distribution of the treated Apoptosis
rats with immuno-histological anal- Nolncrease Slightfincrease Important@ncrease
yses of apoptosis. A significant differ- SHAM 2 0 0
ence was reported between the three
groups (p = 0.001) with an increase of 2-FRACTIONS 2 6 0
the apoptotic labelling in the 5 frac- 5-FRACTIONS 0 2 5
tions group (p = 0.005). TOTAL 6 8 5
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Figure 4.

(a): low magnification, tumor of a rat be-
longing to the SHAM group, T: unaltered
tumor, F: path of the optical fiber.

(b): higher magnification of the upper pole
of the same tumor, T: compact tumor with
“mesenchymal like” glial cells, I: slight
inflammation surrounding the tumor, close
to the passage of the fiber, F: path of the
fiber.

(c): treated tumor in 5 fractions group, T:
dissociated tumor of the parenchyma follow-
ing PDT, fragmented appearance, |: major
circumferential post-processing inflamma-
tion with many macrophages.

(d): same tumor at a higher magnification,
cleavage plane between the tumor tissue (T)
and the healthy parenchyma (P).

(e): same tumor, zoom on the periphery, T:
tumor, I: inflammation and macrophagic
infiltration, H: red blood cells with new
vessels, P: healthy parenchyma with no
infiltration, D: demyelinating lesions appear-
ing in the form of vacuoles.

(f): new vessels in high magnification

Figure 5. Slide with
immunostaining of
apoptosis from a rat
belonging to the
multifractionated
group.

(a): low magnifica-
tion, T: tumor “pear
-shaped”, A: numer-
ous apoptotic bodies
in brown, predomi-
nantly spread in the
periphery of the
treated area.

(b): higher magnifi-
cation, T:
“mesenchymal like”
tumor cells, A:
apoptotic bodies in
the periphery.
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Immunolabelling of apoptosis

19 slides with specific immuno-labeled antibodies of apoptosis
were studied (Table 2, Fig 5). No increase of the apoptotic
marker in the SHAM group was observed in comparison with
the positive control slide. Among the 2 fractions group, an
increase of apoptosis in 6 out of 8 rats was noticed. In the 5
fractions group, an increase of the apoptotic marker in 7 rats
out of 7 was observed. Benchmarking reported a statistically
significant difference between the 3 groups (p = 0.001). Com-
paring the 2 fractions and the 5 fractions groups, significant
increase in the marking of apoptosis in the 5 fractions group
(p = 0.005) was observed.

Discussion

Our main objective was to study the effects of the fractiona-
tion of light using PDT in terms of damage induced to the
treated tumor.

The use of human glioblastoma U87 cells constitutes a validat-
ed preclinical model of glioblastoma according to present
literature (10,31). This cell line allows rapid tumor growth
and a relatively constant engraftment rate (29). Nevertheless,
U87 does not reproduce all pathological aspects of human
glioblastoma. They are less invasive and present no spontane-
ous tumor necrosis. However, the lack of such spontaneous
necrosis allowed us to assign post-treatment necrosis to the
PDT itself, ensuring a high intrinsic accountability. For further
experiments, we should expand the cell cultures to include
low passage primary xenografts, as well as cell lines that have
defined genetic mutations.

The administration of interstitial PDT was responsible for an
increase of peritumoral edema compared to the SHAM group
(p < 0.01). The volume of peripheral edema averaged 25 mm?,
which represented a large volume in comparison with the
average 4.7 mm’ treated tumor volume. Delivering 5 frac-
tioned lights tended to produce a volume of edema larger
than two fractions lighting.

Histological study described a more extensive necrosis among
the treated group compared to the SHAM group (p = 0.008).
Tumors induced by U87 cells grafts do not develop spontane-
ous necrosis (3). Post-PDT necrosis can then be directly at-
tributable to the treatment itself. Interstitial PDT produced
necrosis, especially since we delivered fractionated lighting.
The extent of necrosis appeared increased in the 5 fractions
group compared to the 2 fractions group, but without statisti-
cal difference. Necrosis, found as dissociation from healthy
parenchyma, stood at the immediate periphery of the firing of
the optical fiber, over few millimeters, which corresponds to
the literature data (29). Necrosis is the majority death path-
way induced by PDT (5). Within necrotic areas, it was no long-
er observed vascular structures. However, we described in the
periphery of the treated area a resurgence of new vessels
among some specimens belonging to the multifractionated
group (p = 0.028). The onset of neovascularization was ex-
plained in part by the resulting hypoxia during PDT and by the
induced expression of VEGF (34). Some teams propose there-
fore to combine PDT with the use of antiangiogenic molecules
to increase overall survival in specimens (14).

The administration of interstitial PDT was responsible for
greater peritumoral edema compared to the SHAM group (p =
0.027). The edema results from the dysregulation of transepi-
thelial ions transport and lesion of tight junctions of the vas-
cular walls induced by PDT, causing vasogenic edema (35).
Peripheral edema has been described as the main pitfall of
PDT (8,33). Nevertheless, administration of corticosteroids
intraperitoneally to all rats helped to ensure good tolerance
of the procedure. Post-PDT follow-up was uneventful until
sacrifice. Only 2 rats of 26 died within the 72 hours interval
after PDT, because of cerebral herniation or hydrocephalus.

These 2 specimens harbored larger tumour volume with a
midline deviation at the treatment time. This could be a con-
traindication of PDT in future studies.

Significant macrophagic infiltration was also displayed among
the treated rats (p = 0.008). Interstitial PDT is known to in-
duce a strong activation of the immune system, initially via
innate immunity associated with local inflammation before to
stake adaptive immunity (4,16). Finally, in several treated
rats, we observed rare demyelinating lesions in the periphery
of the area concerned by the light (Fig 4). This fact reminds
that although PDT is recognized as a selective treatment,
adjacent healthy parenchyma can be damaged, in particular
neurons (8).

About immunohistological study of apoptosis, we reported a
significant difference between the three groups, SHAM, 2
fractions and 5 fractions groups (p = 0.001). Interstitial PDT
induces the apoptosis of U87 cells by inhibiting the survival
factors (decreasing the nuclear factor kappa) and activating
caspase-dependent pathways (15). Furthermore, the highest
degree of apoptosis was found among specimens belonging to
the 5 fractions group (p = 0.005) (15). This data is in line with
previous studies reporting a higher level of apoptosis when
the light was delivered over a long period of time (28). The
“metronomic” administration of the light, i.e. at low irradi-
ance over a longer period, appears to further increase the
level of apoptosis in the tumour tissue (25). It will be the
subject of a future study.

Conclusion

Fractionated interstitial 5-ALA PDT induced targeted tumor
lesions. Major significant effects were necrosis, apoptosis,
and reduced central tumor vascularization. This treatment
modality also encouraged the involvement of the host immune
system.

Five fractions treatment has provided improved efficiency in
terms of tumor destruction, resulting in more cell deaths by
apoptosis in comparison with the 2 fractions treatment. How-
ever, this modality was associated with a more important post
-treatment perilesional edema that should be prevented by
corticosteroids.
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