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Introduction

Human brain is not tolerant to amounts of gamma
radiation up to 60 Gy that are typically used by traditional
oncological radiation therapy. This amount can be
considerably reduced if the gamma radiation is applied to
malignant tumors sensibilized by a derivative of
hematoporphyrin (HpD) Several important questions arise
concerning this methodology : what is the optimal
wavelength of ionizing radiation. What is an effective
regime and dosage of radiation. Answers to these
questions depend on the morphological type of the tumor.
In the present study we refer to the results of the treatment
of 48 patients with malignant brain tumors.

Photodynamic therapy (PDT) is a binary treatment
modality suitable for various malignant tumors including
brain cases. It depends on the selective uptake and
retention of a photosensitizer by tumor tissue followed by
irradiation of the tissue with the light of an appropriate
wavelength. This light activates the sensitizer, and it
causes selective destruction of the tumor. Tumor
selectivity for HpD has been demonstrated in various
experimental and human tumors. A study of biopsy
material in patients undergoing PDT for cerebral glioma in
the Royal Melbourne Hospital [1] showed that HpD was
selectively localized in all grades of glioma. The levels
were highest in glioblastoma multiforme (HpD tumor:
brain ratio of 30:1) and lower in astrocytoma (8:1). High
level of porphyrins has been noticed in glioma tissue,
therefore sensitized gliomas treatment is hopeful. On the
other hand, the depth of visible light penetration is limited.
Our hypothesis was that some of the rays which can
provide ionizing radiation (x-rays and/or gamma rays)
could activate some of HP derivatives. A publication by
Zhao F.Y.[2] featuring the favourable effect of
concomitant PDT on the results of gammatherapy
prompted us to raise this hypothesis. To prove it, we have
performed experiments on more than 1000 mice and rats
[3]. The aim of this experimental work was to investigate
and enlarge the possibilities of sensitized malignant tumor
treatment using some derivatives of hematoporphyrin as a
radiosensitizer. Our first experimental experience on
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radiosensitized treatment, using some derivatives of
hematoporphyrin as a radiosensitizer, was published in
1987 [4]. Favourable results of our animal experimental
study has encouraged us to utilize radiosensitized
treatment (RST) in the clinic of Lithuanian Oncology
Centre in 1989 [5]. Since 1989 the total of 238 patients
have undergone RST [5, 6, 7]. The radiosensitized
treatment has been especially effective in malignant brain
tumors [8].

We applied RST only to the patients who, either
because of the location of the tumor, its histological shape
or outspread could not undergo any other usual radical
treatment: surgery, radiation or chemotherapy, or the
possibilities of such treatment were already exhausted.

Our clinical research: “Radiosensitized treatment of
malignant brain tumors (gammadynamic treatment).
Investigation of effectiveness and safety” was approved by
Lithuanian Bioethics Committee.

The purpose of this paper is to review our results of
the radiosensitized treatment of primary and metastatical
malignant brain tumors.

Material and methods

Clinical characteristics of the patient. From March
1998 to July 2003 the total of 48 patients with malignant
brain tumors underwent radiosensitized tumors treatment
as palliation. There was no possibility of radical treatment
for all these patients. There were 38 patients with primary
malignant brain tumors, 4 patients with solitary metastatic
brain tumors and 6 patients with tumors grown into the
brain from the surrounding tissue. Computed tomography
(CT) and/or magnetic resonance imaging (MRI)
examination was provided for all of them before the
treatment and 1 or 1.5 mo. after each RST course. At the
point, when the full tumor’s regression was established,
the CT and/or MRI examination was provided twice a
year. The histological verification was provided in 46
cases (in 38 cases it was provided after the tumor’s
resection in 7 cases it was provided after the tumor’s
biopsy and in one case after the autopsy). In two cases it
was impossible due to the tumor’s localization. Among 38



patients with primary malignant brain tumors the
histological examination revealed glioblastoma in 15
patients (in one case glioblastoma was estimated after the
autopsy - 3 years later after the beginning of the
treatment, the patient was refered to as patient with
astrocytoma); astrocytoma anaplasticum in 9 patients;
astrocytoma in 3; ependymoma anaplasticum in 3;
chordoma in 2 patients; meduloblastoma in 1;
neuroblastoma in 1; oligodendroglioma in 1; and
germinoma in 1 patient. In the rest two cases the tumors
histology was unknown. These two tumors were primary.
Among 4 patients with metastatical malignant brain
tumors, the histological examination revealed the
following situation: melanoma in 1 patient and
adenocarcinoma in 3 patients. Among 6 patients with
tumors grown into the brain from the surrounding tissue,
histological examination revealed melanoma in 1 patient;
chondrosarcoma in 1 patient; mucoepidermoid carcinoma
(from parotid gland) in 1 patient and adenoid cystic
carcinoma in 3 patients. Among 48 patients with
advanced primary or metastatical brain tumors, there were
6 previously untreated cases (2 with primary brain tumors;
3 with metastatical brain tumors; 1 with tumor which was
grown into the brain from the surrounding tissue). The
rest 42 before RST had undergone radiotherapy (38
patients), surgery (31 patient) and/or chemotherapy (10
patients). At the start of the treatment, the condition of
most patients (22) was serious. The condition of 17
patients was critical. Karnofsky performance scale index
was estimated for all the patients at the beginning of the
treatment, immediately after it, and finally two weeks
later. At the beginning of the treatment it was only 10% in
14 patients, 20% in 9 patients, 30% in 11 patients, 40% in
4 patients, 50% in 3 patients, 60% in 5 patients and 90%
in 1 patient. Figure 1 presents Karnofsky performance
scale index for these patients until RST and two weeks
after RST.

16 - O Until RST @ Two weeks after RST

Patients

Karnofsky Performance Score

Fig. 1. Karnofsky performance scale index for 48 patients with
malignant brain tumors treated by us before RST and 2 weeks
after RST

Procedures

During the radiosensitized treatment
hematoporphyrin derivative (HpD) was injected i.v. The
dose was 5 mg/kg body weight. HpD was dissolved in
500 ml 0.9% sol. natrii chloridi. 24, 48 and 72 h after the
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injection of the sensitizer, tumors were irradiated with
gamma rays 2 Gy at a time from radioactive 60Co (the
full dose of the course was 6 Gy). The duration of the
treatment was 4 days. Providing RST the additional
medicamental treatment was applied to most patients: i/m
injections of dexamethasone (usually 4 mgx2) and i/v
injections of mannitoli 10%-500 ml. As the derivatives of
hematoporphyrin  sensitize skin to the sunlight,
precautions were taken not to expose the patient to the
direct sunlight, or to any blazing light, ultraviolet light in
particular. Since HpD injection, the patients were
restricted to darkened rooms for two weeks. 12 patients
underwent one course of the treatment. For the rest the
treatment was repeated after 1-12 months (mo). 6 patients
underwent two courses, 9 patients - 3 courses, 4 patients -
4 courses, 6 patients - 5 courses, 6 patients - 6 courses, 1
patient - 7 courses, 1 patient - 8 courses, 3 patients - 9
courses. All the patients were followed up for the period
of 3 mo. to 63 mo., except 5 patients who died 0.5-2 mo.
after RST. The median follow up lasted 12 .9 mo..
Statistics

Statistical analysis was carried out using the SAS
system soft-ware program. Kaplan-Meier survival
analysis was used to obtain median survival rates for (a)
all patients with malignant brain tumors; (b) only for the
patients with malignant gliomas; (c) only for the patients
with astrocytoblastomas and glioblastomas; (d) only for
the patients with glioblastomas. For comparison of the
median survival rates among patients for whom RST was
provided (a; b; c; d groups), and analogical patients for
whom usual treatment was provided with the best results
we had found in the available literature. Signed rank test
was used. A p value of <0.05 was regarded as statistically
significant.

Results and discussion

The primary result was already noticeable during the
treatment. An especially rapid effect was observed in the
17 patients who had been in a critical condition. 5 of 7
patients who had been in a coma (1 to 8 weeks before
RST) came into contact on the third day of the treatment.
3 of the 7 patients began to walk, speak and even read
within two weeks. Nausea disappeared in 8 patients
immediately after RST. In 2 out of 4 patients the sounds
were removed as their swallow normalized. Overall, 33
out of 48 patients experienced a significant improvement.
For 10 patients the improvement was not so evident, and
for 5 patients the effectiveness of RST was slight or RST
was ineffective. Karnofsky performance scale index
increased immediately after RST in 33 patients (Fig. 1).
Two weeks after the first RST course, it was 10% only in
2 patients, 20% in 2 patients, 30% in 2 patients, 40% in 7
patients, 50% in 5 patients, 60% in 4 patients, 70% in 11
patients, 80% in 4 patients, 90% in 4 patients and 100% in
6 patients. The notably rapid improvement of the state of
health was established within the first two weeks in most
patients. Later on, the stabilization of the state of health
was noticed. The duration of such stabilisation varied
from 2 to 6 weeks, depending on the morphologic type of
the tumor. The duration of such stabilisation in
glioblastomas multiformes usually lasted 1 or 2 weeks, in



astrocytoblastomas — 1 to 3 weeks in  low-grade
astrocytomas — 1 to 6 mo. in ependymomas malignum — 1
to 4 mo. The tumors of different histogenesis require
some RST modifications. It was estimated during our
experiments with rats and mice and our clinical
experience proved it. In 4 patients all malignant brain
tumors fully disappeared after a single RST course. In all
these cases the diameter of the tumors was less than 3 cm.
If there was no full regression of the tumor, the first
symptoms of the recurrence of the disease usually
appeared in 1 or 2 mo. after RST. Then the treatment was
repeated. CT and /or MRI examinations, which were
provided 3 or 6 weeks after RST, revealed the regression
of tumor in 34 patients. As a result of the radiosensitized
treatment of malignant brain tumors, 11 malignances (in 9
patients) fully disappeared after a single RST course (in 4
patients) or after some RST courses (in 5 patients).
However the recurrent disease was noticed in two patients
after 24 mo. (glioblastoma) and 6 mo. (glioblastoma). A
significant response — regression of more than 75% of the
tumor and the remission of the disease for over 6 mo. was
established in 17 patients with malignant brain tumors. A
partial response was noticed in 17 patients with malignant
brain tumors. For the rest 5 patients the treatment was
ineffective. The median survival of patients with
malignant brain tumors treated by the addition of RST
was 28 mo. The median survival of patients with
glioblastoma (14 patients) treated by the addition of RST
was 21 mo. At present 15 of these patients, who have
undergone RST, are alive and well. 7 of them have been
without brain tumors for 39 mo., 28 mo., 18 mo., 16 mo.,
15 mo., 15 mo., and 13 mo. after RST treatment.

The median survival of 48 patients with malignant
brain tumors treated by the addition of RST, was 28 mo.
(Fig. 2A), whereas at present, the best available treatment
for malignant brain tumors results in median survival of
patients for 15 months despite surgery, radiotherapy, and
chemotherapy [9]. The median survival of patients treated
by the addition of RST with malignant gliomas
(glioblastoma and anaplastic astrocytoma — 21 patient)
was 23mo. (Fig.2B). Comparing it with the 10.4 mo. (n
=84) or 12 mo., and even 14.5 mo. (n=48), documented in
the literature, the median survival of such patients was
statistically significant (p<0.005) [10, 11, 12, 13]. The
median survival of patients treated by the addition of RST
with glioblastoma (14 patients) was 22
mo.(Fig.2C).Comparing it with the 13.8 mo, median
survival of such patients (n=58)[14] was statistically
significant (p < 0.005).The median survival of patients
with primary malignant brain tumors (39 patients ) treated
by the addition of RST was 27 mo.

Fig. 2A. Kaplan-Meier survival curve (in mo.) for patients with
malignant brain tumors treated by the addition of RST
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Survival Distribution Function

Fig. 2B. Kaplan-Meier survival curve (in mo.) for patients with
malignant gliomas treated by the addition of RST

vl Distrisutian Function

Fig. 2C. Kaplan-Meier survival curve (in mo.) for patients with
glioblastoma treated by the addition of RST

Adverse effects of the treatment were minimal. All
the patients were warned to wear protective clothing and
to use sunscreen preparations if they were exposed to
sunlight at least for one month. However well marked skin
hyperpigmentation was noticed in 8 out of 48 patients
treated by us.

While primary malignant brain tumors account for
only 2% of all adult cancers, these neoplasms cause a high
amount of cancer — related deaths. In spite of the advance
in surgery, radiation therapy and chemotherapy, the
persentage of the prognosis for primary malignant brain
tumors remains very low. Less than 10% of all patients
with malignant brain tumors survive 2 years, and less than
5% live up to 5 years [10]. The incidence of primary brain
tumors is increasing. Malignant gliomas (glioblastoma
and anaplastic astrocytoma) are the most common
primary brain tumor in adults, occurring at a rate of 5-8
cases per 100000 population per year. Clinical data from
1491 patients harboring a glioblastoma multiforme that
has been diagnosed between 1988 and 1998 at the
University of California at San Francisco neurooncology
clinic were retrospectively reviewed by Pasra et all. The
median survival time in such patients was 9.8 mo. [15]. It
is important to point out that survival in glioblastoma
cases has not changed significantly over the past three
decades, so the emergence of novel treatment methods for
these tumors has led to a heightened interest.

Conclusions

Radiosensitized treatment, using the derivatives of
hematoporphyrin, is a new and effective method of the
treatment of malignant brain tumors both: primary and
metastatical. The effectiveness of this treatment depends
on the morphological type of the tumor. The best effect
was noticed in patients with astrocytoblastoma,
ependymoma malignum and in patients with solitary
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Human brain is not tolerant to amounts of gamma radiation up to 60 Gy that are typically used by traditional oncological radiation
therapy. This amount can be considerably reduced if the gamma radiation is applied to malignant tumors sensibilized by a derivative of
hematoporphyrin (HpD) Several important questions arise concerning this methodology: what is the optimal wavelength of ionizing
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JI. baosuenure-Ilmmnuene, JI. PyrkoBckene. Jledenne nepBHYHBIX 3JI0KAYeCTBEHHBIX OIyX0JIe MO3ra M MeTacTa3oB B MO3Iy
PaJnoCceHCHONIH3HPOBAHHBIX NPOU3HOIHBIMU reMaTonopdupuna // daexkTpoHuka u dnekTporexuuka. — Kaynac: Texnonorus,
2006. — Ne 4(68). — C. 83-86.

IIpencraBieHs! NaHHBIE PaJHOCCHCUOMIM3UPOBAHHOM Tepalny NEPBHYHBIX 3JI0KAYECTBEHHBIX OITyXOJIEH MO3ra M METacTa3oB B
MO3Ty 3JI0Ka4eCTBEHHBIX Omyxojei napyrux opraHoB. Jledeno 48 OompHbix. Yepes 24, 48 wu 72 wacoB  mocie BBeACHHS
paaMoceHcHOMIM3aTopa MPOU3HOJAHOTO IreMaTonopGUpUHA OIyXOJIH MOABEpIrIuch raMma obimydenuto 2 Gy. Y 9 GombHbIx mocie 1
WM HECKOJIBKUX KypCOB PaMOCEHCUOMIIM3UPOBAHHON Tepanuy OIyXOJH IOJHOCTBIO UCUE3NH, XOTS Y 2 U3 HUX BO3HUKIIM PELUIHUBBI
yepe3 24 u uepe3 6 mecsueB. Perpecus omyxoiau M pemuccust 00J€3HH, KOTOpas IMnachk 6 MecsleB U JoNblle, UMena Mecto y 17
GombHBIX KpaTkoBpemennas pemuccust ( oT 2 10 6 MecsueB) Obuia y 17 OombHBIX. Y 5 GONBHBIX JedeHHE ObUIO HE 3((HEKTHBHO.
JlanHble paGoOTBI NPUBOAAT K 3aKIIOYECHUIO, YTO DPaJMOCEHCHOMIM3UPOBAHHAS TEpamus SBISETCa HOBBIM 3((PEKTUBHBIM METOJOM
Jie4eHust onyxonei mosra. D(GeKTHBHOCTh paJiOCEHCUOMIN3UPOBAHHON TEPAIUK 3aBUCUT OT MOP(OIOrHUECKOro Tuna omyxonu. Wi
4, 6u6n. 15 (Ha aHTTIHICKOM sI3bIKe; pedepaThl Ha AaHTITUICKOM, PYCCKOM U TATOBCKOM 513.).

L. Bloznelyté-PléSniené, L. Rutkovskiené. Hematoporfirino dariniais radiosensibilizuoty pirminiy smegeny naviky ir
metastaziy smegenyse gydymas // Elektronika ir elektrotechnika. — Kaunas: Technologija, 2006.- Nr. 4(68). — P. 83-86.

Sio darbo tikslas buvo idtirti sensibilizuoty navikuy terapijos galimybes naudojant hematoporfirino darinj (HpD) kaip
radiosensibilizatoriy. Radiosensibilizuoty naviky terapija (RST) taikyta gydant 48 ligoniy pirminius piktybinius smegeny navikus ar
kity naviky metastazes smegenyse. Praéjus 24, 48 ir 72 val. po HpD injekcijos (i/v) navikai $vitinti 2 Gy. Po vieno ar keliy RST kursy
9 pacientams navikai visiskai iSnyko, taciau dviem i$ jy atitinkamai po 24 ir po 6 mén. atsirado recidyvai. Naviky regresija ir ligos
remisija trunkanti 6 mén. ir daugiau, pasireiSké 17 pacienty. Trumpalaiké ligos remisija, trunkanti nuo 2 iki 6 mén., pasireiské kitiems
17 ligoniy. Neefektyvus buvo tiktai 5 ligoniy gydimas. I§ Sio darbo duomeny darome isvada, kad RST yra naujas ir efektyvus smegeny
naviky gydymo metodas. RST efektyvumas priklauso nuo naviko morfologinio tipo. Il. 4, bibl. 15 (angly kalba; santraukos angly, rusy
ir lietuviy k.).
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