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Role of nuclear medicine in the treatment of malignant gliomas:
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P. Riva, G. Franceschi, N. Riva, M. Casi, M. Santimaria, M. Adamo.

Department of Nuclear Medicine; “M. Bufalini” Hospital, Cesena, and Ist Oncologico Romagnolo, Italy

Abstract. The high-grade malignant gliomas (anaplastic
astrocytomas and glioblastoma) have a very bad progno-
sis since the available methods of treatment (surgery, ra-
diotherapy and chemotherapy) are unable to control the
progression of the disease for long. The use of specific
monoclonal antibodies labelled with a suitable isotope
(iodine-131 or yttrium-90) represents an effective ap-
proach to hamper tumour regrowth. Some authors have
injected the antibodies intravenously, or have tried to in-
crease the tumour/background ratio with the avidin/
biotin system. In many cases the |abelled monoclonal an-
tibodies were injected directly into the tumoral bed after
the operation. The authors experiences concern a quite
large locoregional radioimmunotherapy study which was
performed by using antitenascin antibodies labelled ini-
tially with 131] and more recently with %0Y. The clinica
results demonstrate the ability of this technique to con-
trol, for a long time, the growth of these tumours. The
glioblastoma median survival was prolonged to 25 months
(331 group) or 31 months (°0Y group). The response rate
(which comprises PR, CR and NED) was 47.1% (glio-
blastoma 1311 group) or 40% ( glioblastoma Y group).
In many cases a significant tumour shrinking effect was
radiologically demonstrated. The use of Y proved more
favourable in bulky lesions, and reduced the radioprotec-
tion problems.
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Introduction

Malignant gliomas are quite often encountered in clinical
practice. Malignant astrocytomas are the most frequent
type, while the incidence of oligodendrogliomas, mixed
oligo-astrocytomas and low-grade astrocytomas is lower.
The incidence of malignant gliomas is increasing in the
elderly [1-4]. Statistical data indicate that about 20.000
new cases are diagnosed annually, in Europe. Thus these
tumors represent a real socia problem. Unfortunately,

they are very ominous diseases and their natural history
is adverse: a 5% 2-year surviva rate for patients with
glioblastomas and a 20% 10-year survival rate for those
with low-grade gliomas have been recorded [5]. The
main pathological problem is the infiltrative nature of
these tumours. Even if nearly complete tumour resection
is performed, billions of undetectable tumour cells are
left beyond the resection margins [6]. Against this back-
ground of limited effectiveness of conventional treat-
ments, various clinical trials are currently being under-
taken to assess new methods of controlling such malig-
nancies.

Surgery is the most important therapeutic procedure
and it can now be performed with sophisticated tech-
niques that enable detection of neoplastic cell clusters
outside the main tumour mass [7]; nevertheless, resec-
tion always proves incomplete and surgery should ac-
cordingly be considered the primary step of a multimo-
dality approach [8, 9]. Externa radiotherapy is per-
formed following the operation. Its effectiveness in con-
trolling local infiltration and in prolonging median sur-
vival has been demonstrated. [10-12]. However, the nor-
mal brain through which the radiation passes constitutes
alimiting factor. For this reason, a dose of 60 Gy cannot
be exceeded; but this dose is not sufficient to completely
sterilise the tumora bed and this approach is thus not
completely curative. Many studies are in progress to en-
hance the efficacy of these regimens [13—-17]. In particu-
lar, radiosurgery [18, 19], boron neutron capture [20] and
intraoperative radiotherapy [21, 22] are promising tech-
niques. Interstitial irradiation of the tumour by means of
iodine-125 seeds or iridium-192 wires has been investi-
gated [23, 24]. The role of chemotherapy in the manage-
ment of these tumours is still under evaluation. Several
drugs, either as single agents or in combination, have
been assessed [25-31]. Moreover, some authors have
tried to improve the clinical efficacy of these drugs by
utilising the intra-arterial [32] or intratumoral [33, 34]
route of administration. Research into immunotherapy,
biotechnology therapy and gene therapy is also in pro-
gress [35-38]. Unfortunately, in spite of al these efforts
the prognosis of malignant gliomas remains poor, and
while regimens to control the tumours can prolong medi-
an surviva (12 months for glioblastoma and 25 months
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for anaplastic astrocytoma), they do not lead to a defini-
tive cure [39]. For these reasons, malignant gliomas are
considered as orphan tumours.

The role of nuclear medicine in the treatment
of malighant glioma: systemic and locoregional
radioimmunotherapy

Nuclear medicine can play an important role in this field.
In particular, the application of monoclonal antibodies
(Mabs) conjugated to a suitable isotope could represent a
method by which a high radiation dose can be concen-
trated on or near the tumour cells, while sparing the nor-
mal tissues [40]. The first therapeutic application of ra-
diolabelled Mabs in malignant gliomas was carried out
by Brady and co-workers [41-44], who employed the
Mab 425, which is raised against epidermal growth fac-
tor receptors. The antibody was labelled with 125
[1295-3330 MBq (35-90 mCi) per infusion] and inject-
ed i.v. or i.a, following surgery and radiotherapy, in pa-
tients with anaplastic astrocytoma or glioblastoma. The
cycles were repeated frequently. The incidence of ad-
verse effects was very low, and the median overall sur-
vival for both groups of patients was 13.5 months. The
systemic administration of Mabs for therapeutic purpos-
es isrestricted by many factors. high interstitial pressure
inside the neoplastic tissue, limited blood supply to the
tumour, inhomogeneous and inconstant antigen expres-
sion, possible presence of histopathological barriers (ne-
crosis or fibrosis), formation of immunocomplexes with
circulating antigens, and catabolism of immunoglobulins
[45]. All these factors result in a very low accumulation
of the radiopharmaceutical in the target tissue, which in
most cases prevents a favourable therapeutic effect [46].
Moreover, the presence of the blood-brain barrier further
hampers the accumulation of antibodies in the malignant
tissue.

Paganelli et al. [47] have developed a method which
could overcome these problems. Three-step radioimmu-
notherapy was carried out: first, 35 mg/m?2 of anti-tenascin
Mab linked to biotin was administered i.v. Then, 36 h
later, 30 mg of avidin and 50 mg of streptavidin were in-
fused. Finaly, after 18-24 h 1.2 mg of biotin labelled
with yttrium-90 (2.22-2.96 GBg/m?) was injected. In
48 patients with grade 111 or 1V astrocytomas, a median
survival of 19 months (grade I11) and 11 months (grade
IV) was recorded. Tumour mass reduction was radiol ogi-
cally demonstrated in 12 patients and eight of them had a
duration of response of 12 months.

A different strategy is represented by the locoregional
administration of monoclonal antibodies. This strategy
has been employed in different tumours: intraperitoneally
in ovarian [48, 49] and gastrointestinal cancer [50], in-
trapleurally in cases with malignant effusions [51] and
intrathecally in neoplastic meningitis [52]. The direct in-
jection of the immunoconjugates into the tumoral bed of

malignant gliomas theoretically presents various advan-
tages:. the radiopharmaceutical is concentrated in the area
of disease and completely spares the normal brain and
distant critical organs; furthermore, it can easily react
only with its specific antigenic receptors which are ex-
pressed by the glioma tissue. In this way a large number
of malignant cells can be hit and damaged or killed by
the beta rays produced by the isotope. The crucia prob-
lem in this approach is the ability of the antibodies to
diffuse through the tissue situated around the postopera-
tive cavity. This area is called the brain adjacent tissue
(BAT) and includes the occult neoplastic cells that have
migrated from the main tumour mass. A complete and
homogeneous distribution of the radiopharmaceutical
could lead to sterilisation [53] of this zone and enhance
the control of the disease.

The locoregional treatment may be intracavitary,
when the antibodies are infused into the surgical crater,
or interstitial or intratumoral [54, 55], when the Mabs are
administered into the residual neoplastic tissue. Locore-
giona radioimmunotherapy represents a complex tech-
nique, which involves different specialists. neurosur-
geons, radiotherapists, oncologists, immunologists, nu-
clear medicine physicians, radiochemists and physicists.
The first step is the surgery, which hasto be asradical as
possible. During the operation an indwelling catheter
(Rickam or Ommaya) is inserted to allow the infusion of
radioactive antibodies. Before undergoing radioimmuno-
therapy, the patient receives external radiotherapy at the
maximum dose (on average 60 Gy). If the patient
presents relapsing disease following surgery and radia-
tion, he is operated on again in order to reduce the
tumour burden. Radioimmunotherapy is then adminis-
tered.

Antibodies employed

Different Mabs have been utilised for locoregional radio-
immunotherapy. In many clinical trials antitenascin
Mabs (BC-2 or BC4 or 81C6) have been employed [56,
57]. Tenascin is a glycoproteic antigen, which is present
in the extracellular matrix of malignant glioma tissue
[58, 59]. By contrast it cannot be found in the normal
cerebral parenchyma. Tenascin is expressed in large
amounts and its quantity does not change over time. For
this reason it represents an optimal target for the radio-
immunotherapy approach. In fact the antibodies can
readily find and bind to their antigenic receptors sur-
rounding the neoplastic cells. Some authors [60, 61]
have employed the Mab ERIC-1, which recognises the
human neural cell adhesion molecule (NCAM).

| sotopes utilised

The clinical studies that have been performed and pub-
lished to date have been carried out using iodine-131
[62—64] and, more recently, yttrium-90 [65, 66]. Some
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authors have proposed the application of alpha emitters
such as astatine-211 [67]. Radioiodine is available and
cheap. Its radiochemistry is well known and it can be
easily labelled to the antibodies. Nevertheless, it has dis-
advantages: its link with immunoglobulins is not stable;
the radioconjugate is degraded by tissular desiodases; its
emission of gamma rays, whilst ineffective for therapy,
exposes the medical staff to unwanted radiation and can
contaminate the room; and the energy of beta rays is
quite weak (333.8-606.3 keV). Furthermore, it pene-
trates no deeper than 3 mm; thus many malignant cells
can be missed and the sterilisation of the BAT can be in-
complete. The use of Y is more promising: it does not
produce gamma rays and the management of the patient
is easier. Even patients who are not self-sufficient and
bedridden can be treated. Its beta particles are very ener-
getic (2283 keV) and have a longer path through the tis-
sue. Consequently the probability of killing or damaging
alarger number of glioma cells, even in more distant ter-
ritories, is enhanced. On the other hand the labelling pro-
cedures are difficult and time consuming and the isotope
is expensive. So far, few data are available on apha
emitters, and they do not allow any conclusions to be
drawn.

Clinical studies

Not many trials have been performed so far, and the
number of patients to have been enrolled is limited. All
are phase | and |1 studies. The first aspect of note is the
very low toxicity of this treatment. No significant early
or late changes in haematological, renal, hepatic or meta-
bolic parameters have been recorded. The tolerance of
normal nearby brain tissue has been found to be satisfac-
tory. The MTD for 131 was 4440 MBq (120 mCi) [68],
while that for %Y was 925 MBq (25 mCi) [69]. Biodis-
tribution studies have demonstrated a remarkable con-
centration of the radioactive antibodies at the site of in-
jection. The radioactivity in the surrounding normal
brain as well as in distant organs was found to be ex-
tremely low. When using 131 a small amount of the iso-
tope was taken up by thyroid, and was found in the gas-
trointestinal tract and the urinary bladder. This was due
to free iodine, which broke loose from its link with the
Mabs owing to deiodinating enzymes. The %0Y-Mab
complex was found to be more stable and prevented the
release of free radioyttrium. Nevertheless, some catabol-
ic products can sometimes be observed in the bowel and,
less frequently, in the liver. In about 15% of patients a
communication between the surgical crater and the cere-
bral ventricles may be produced by the operation. In this
situation more than 80% of the radioactive antibodies
bind directly to the neoplastic area which contains the
specific antigen. The remaining part of the solution dif-
fuses through the CSF and arrives in the ventricles and
the spinal spaces. However, during the time it is concen-
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trated at the tumour site owing to a direct immunological
reaction, only a small quantity enters the systemic circu-
lation.

The dose of 1311 administered has ranged from
740 MBq [70] to 4440 MBq [71] (20120 mCi); the
amount of %Y infused has on average been 740 MBq
(20 mCi) [66, 72]. In some studies, injections of the ra-
diopharmaceutical were repeated many times (up to 10)
on the basis of the clinical course of the disease [73]. In
this way the cumulative dose to the tumour was in-
creased and the probability of controlling tumour growth
improved. Following the local injection of antibodies,
many patients developed HAMA. The HAMA titre was
higher when repeated administrations were carried out.
However, the presence of HAMA did not hamper further
injections of Mabs: in fact in HAMA-positive patients
subsequent local injections of the same immunoglobulins
did not give rise to any adverse local or systemic effects
and did not modify the biodistribution and dosimetry of
the radiopharmaceutical.

The clinical results, even if preliminary, are promis-
ing. The median survival in a group of 34 glioblastoma
patients was 56 weeks [68]; in another study of five pa-
tients in whom treatment was given for recurrent cystic
glioma, four had partial responses, clinically or radio-
graphically [74]. In another study, among 31 patients
(18 with glioblastoma), a partial response occurred in
one patient and disease stabilisation was recorded in 13
(42%) [63]. A recent communication [75] reports 56-
week survival in a group of 34 patients with glioblasto-
ma.

Personal experience

We started our locoregional radioimmunotherapy studies
in 1990. The first part of our research was carried out
with 131]-|abelled Mabs and lasted until 1997. The sec-
ond study, in which 9Y was conjugated with the anti-
bodies, was initiated in 1997 and is still ongoing.

131 study

Following a phase | trial [76], a phase Il study was per-
formed in 91 cases with the following tumour types: oli-
godendroglioma (n=1), anaplastic oligodendroglioma
(n=7), anaplastic astrocytoma (n=9) and glioblastoma
(n=74). The patients median age was 51 years (range
25-72). The Karnofsky status was above 60% in all
cases. All patients had been previously operated on and
had received radiotherapy; those with relapsing disease
were operated on again before radioimmunotherapy. In
addition 54 patients received chemotherapy. At the time
of radioimmunotherapy, 52 patients presented a small
(volume <2 cm3) or undetectable residual tumour bur-
den. By contrast 39 patients had a larger tumour mass
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(mean volume >3 cmd). Forty-seven patients were har-
bouring newly diagnosed tumours and 44 relapsed
tumours.

90Y study

In the Y trial, 43 evaluable cases were treated in a
phase |1 study, which was preceded by a phase | investi-
gation. These cases comprised two oligodendrogliomas,
six anaplastic astrocytomas and 35 glioblastomas. The
mean age of the patients was 45.8 years (range 26—77).
Sixteen had newly diagnosed and 19 recurrent tumours.
Nineteen were suffering from macroscopic lesions; 16
underwent radioimmunotherapy with small or minimal
disease (tumour volume < 2 cm3).

Entry criteria

All the patients entered in the study had normal hepatic,
renal, cardiac and haematological findings. Sufficient ex-
pression of tenascin in glioma tissues (at least 3+), as as-
sessed by immunohistochemistry, was obligatory. Finally
a life expectancy of more than 4 months was required.
All patients gave their written informed consent to
accept radioimmunotherapy according to the protocol
approved by the Ethical Committee of “M. Bufalini”
Hospital, Cesena, Italy.

Radioimmunotherapy protocol

Prior to intralesiona radioimmunotherapy, al patients
were operated on to remove as much of the neoplastic
tissue as possible. When feasible, a postoperative cavity
was produced. During the operation an indwelling
Rickam or Ommaya catheter was inserted, and its tip
placed in the middle of the surgical crater with the aim
of alowing complete diffusion of the radiopharmaceuti-
cal. All patients received external beam radiotherapy at
the maximum tolerated dose (55-60 Gy). They then un-
derwent local administration of radiolabelled antibodies.
Before this procedure they received antiepileptic drugs
and steroids (dexamethasone 4-8 mg per day) starting
from day minus 3 and continuing up to day plus 10. In
the 131 study, they were administered thyroid blocking
agents (thyroxine and potassium iodide). The injection
of the solution of radioactive monoclonal antibodies was
performed within a few minutes through the reservoir of
the catheter. The mean dose of antibody was 1.5 mg and
the mean quantity of 131 was 1665 MBq (45 mCi), while
the mean dose of 9Y was 740 MBq (20 mCi). In the
group of patients with newly diagnosed tumours, the first
cycle of intralesional radioimmunotherapy was carried
out within 10-30 days after completion of the radiothera-
py course. In cases of recurrent disease the antibodies
were locally administered within 2 weeks following the
new operation. After infusion of the radioactive com-

pound, patients were isolated in a shielded room. The
mean duration of hospital stay of patients in the 131
group was 7 days (range 5-15 days), as compared with
3 days in the 9Y group. The locoregional radioimmuno-
therapy courses were always repeated, with the aim of
enhancing the cumulative radiation dose and improving
the probahility of killing most or all neoplastic elements.
The first three cycles were carried out at intervals of
3040 days, after which further infusions, if needed,
were performed every 3 months. In the 131 group one
patient received ten courses; in the 90Y group one patient
received five courses.

Results
Untoward effects

Both single and multiple cycles of locoregional radioim-
munotherapy were always well tolerated, as previously
reported. Cumulative doses of up to 20.35 GBq
(550 mCi) for 131 and 3.145 GBq (85 mCi) for %Y did
not cause any apparent damage to the normal brain sur-
rounding the tumour area.

Biodistribution and dosimetry

The local administration of Mabs led to high uptake at
the site of the target tissue. The mean percentage of in-
jected dose concentrated per gram of tumour after 24 h
was 3.1% for 131] and 4.9% for Y. The mean effective
half-life of Mabs in the tumour was 57.1 h for 131 and
43.2 h for Y. The mean radiation dose delivered to the
whole surgical cavity and to its walls was, respectively,
300 Gy and 150 Gy for 131 and 600 Gy and 280 Gy for
%Y.

Clinical responses

Median survival

The median survival of patients, calculated according to
Kaplan-Meier methodology [77], was significantly pro-
longed by comparison with the results previously
achieved using standard regimens.

131] group. The median survival was 31 months in oligo-
dendroglioma (1 patient), 23 months in anaplastic oligo-
dendroglioma, >46 months in anaplastic astrocytoma and
19 months in glioblastoma. However, in this last group it
was 25 months if patients were treated when their lesion
was small or minimal as aresult of previous approaches.

90Y group. The median survival of patients with anaplas-
tic astrocytoma was 90 months. In the glioblastoma
group it was, in total, 20 months, while in cases with a
reduced tumour burden it was 31 months. The patient
with oligodendrogliomais still aive.
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Fig. 1. Patient no. 32, male,

59 years old. The patient was
operated on in February 1998 to
remove aleft frontal glioblasto-
ma. He then received external
radiotherapy (62 Gy). in June
1998 he underwent a new, mi-
nor, operation to insert an in-
dwelling catheter (Rickam). He
was then given 6 cycles of loco-
regional radioimmunotherapy
(cumulative 90Y dose

3426.2 MBq, corresponding to
92.6 mCi). Twenty months after
the operation the patient pre-
sented no clinical or radiologi-
cal signs of disease, as demon-
strated by this MRI in the trans-
verse section, at two different
levels

Fig. 2. a Patient no. 95, female,
57 years old. The patient was
operated on in February 1998,
and then received radiotherapy
(59 Gy). However, in January
1999 she underwent a further
operation owing to disease re-
lapse. During surgery anin-
dwelling catheter was inserted.
She received 6 cycles of local
radioimmunotherapy (cumula-
tive 9Y dose 3936.8 MBq, cor-
responding to 106.4 mCi).
MRI, performed in June 1999,
demonstrated a huge tumour
mass which was growing in
spite of two cycles of infusion
of radioactive antibodies.

b Following four courses of ra-
dioimmunotherapy the tumour
volume is significantly de-
creased
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Objective response

131] group. In the single patient with oligodendroglioma
we observed no evidence of disease (NED). Among the
seven patients with anaplastic oligodendroglioma (all
evaluable), four had progressive disease (PD), two a
complete response (CR) and one NED. In the five evalu-
able patients with anaplastic astrocytoma we recorded
one case of PD and four with NED. Finaly, in the glio-
blastoma group (70 evaluable cases out of 74) we regis-
tered 27 cases of PD, 10 cases of stable disease (SD),
9 partia responses (PR), 1 CR and 23 with NED. The
best outcomes were achieved in patients with minimal
lesions and, to a lesser extent, in those with newly diag-
nosed tumours rather than recurrent disease.

Y group. The following responses were achieved:
oligodendrogliomas. 1 CR, 1 PR; anaplastic astrocyto-
mas. 1 PD, 2 SD, 2 PR, 1 CR and 1 NED; glioblastomas:
14 PD, 7 SD, 5 PR and 9 NED. In more detail, in the
19 cases of glioblastoma with bulky lesions we observed
10 PD, 4 SD and 5 PR. Conversely, in the 16 cases with
asmall or minimal tumour burden we documented 4 PD,
3SD and 9 NED (Figs. 1, 2).

Response rate

131 group. The response rate of various histological
classes was 100% in oligodendroglioma, 42.8% in ana-
plastic oligodendroglioma, 80% in anaplastic astrocyto-
ma and 47.1% in glioblastoma. In the subset of patients
with glioblastoma, the response rate was 56.7% in those
bearing a small tumour mass (<2 cm3) but only 17.8% in
those with alarge lesion (>3 cm3).

%Y group. In patients with oligodendroglioma (n=2) or
anaplastic astrocytoma (n=6) the response rate was
66.6%. In the glioblastoma group (n=35) the overall re-
sponse rate was 40%; in the subset with bulky masses
the response rate was 26.3% while in those with slight or
undetectable disease it was 56.2%.

Discussion

The effectiveness of a nuclear medicine therapeutic ap-
proach in the treatment of malignant gliomas has been
demonstrated. For these tumours only a few regimens
are available and their ability to control the disease is
very poor. Thus the main efforts of oncologists are de-
voted to other tumours that are more radio- and chemo-
sensitive (breast, ovary, lung, colorectal etc.). The use of
unsealed radioisotopes represents a new, interesting
method capable of improving the prognosis of these pa-
tients. The nuclear medicine physician can play a rele-
vant role in the management of these malignancies. First
of al, agood and strict collaboration with the other spe-
cialists who attend such patients is mandatory. The neu-

rosurgeon performs the most important step in this regi-
men: the radical removal of the neoplastic tissue. And if
the surgeon knows that he has at his disposal a further
weapon, he is more motivated to extend the operation as
much as possible and, if necessary, to operate again. In
addition, collaboration with the radiotherapist, the on-
cologist, the radiochemist and the physicist is essential.

The nuclear medicine specialist has to deal with the
following specific issues:

1. The antibody has to bind with high affinity to specific
receptors situated in the malignant tissue while spar-
ing the normal brain parenchyma.

2. The isotope must penetrate the entire neoplastic area
and reach the greatest possible number of glioma
cells.

3. The labelling procedures, which not modify the im-
munoreactivity of the antibody and must giveriseto a
very stable in vivo conjugate, thus preventing the sys-
temic release of free isotope, which can produce un-
wanted irradiation of normal organs.

4. The radiopharmaceutical must be administered exact-
ly to the tumour bed, avoiding any damage to the sur-
rounding skin and brain tissues.

5. Monitoring of the patient during his or her hospitali-
sation in the shielded room.

6. Application and control of the radioprotection proce-
dures.

7. Follow-up of the cases treated and evaluation of the
clinical results of the nuclear medicine therapy.

The outcomes so far achieved in trials and the future
prospects of improving the clinical effects of this ap-
proach warrant further research in order to optimise the
therapeutic strategy. The treatment is locoregional and
does not affect the critical organs. Thus it can be em-
ployed in association with systemic regimens such as
chemotherapy, in an attempt to combine the therapeutic
properties of two different approaches. The direct admin-
istration can selectively concentrate in the tumora bed
an impressive amount of radiation which is specifically
directed to the tumour cells: thus the therapeutic index is
very high. The beta rays produced by the isotopes em-
ployed can kill the glioma elements by virtue of their
penetration into the tissue. At the same time the antibod-
ies spread through the tumour and bind with their anti-
genic receptors. In this way a wider area can be sterili-
sed, offering the theoretical possibility of completely
curing malignant gliomas. Unfortunately the clinical and
pathological situation of the patients who are referred for
this approach often precludes such a favourable out-
come. Most patients are submitted to locoregional radio-
immunotherapy a long time after the initial surgical in-
tervention, and many undergo the antibody application
when the tumour has recurred and a new operation is
needed. Furthermore some have macroscopic disease
since radical surgery is not possible. In all these situa-
tions the area around the site of the primary tumour isin-
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filtrated by a massive number of glioma cells, even if
this is not evident radiologically. Moreover the malig-
nant elements can be scattered in more distant territories.
For these reasons the effectiveness of intracavitary or in-
terstitial radioimmunotherapy is limited. But if the dis-
ease is treated at quite an early stage, immediately after
surgery and radiotherapy, when the tumour burden has
been reduced, there is a greater likelihood of controlling
the growth of the tumor.

The results so far achieved indeed demonstrate the
effectiveness of the protocol in these ominous malignan-
cies. The most important parameter utilised in neuro-
oncology to evaluate the efficiency of an innovative
treatment in the field of malignant glioma is the median
survival. It is well known that, in large series of patients,
this value is 12 months. In our experience, in patients
with a small tumour load due to previous approaches,
median survival prolonged to 25 (131) or 31 (%0Y)
months. This clearly confirms the effectiveness of loco-
regional radioimmunotherapy. Moreover various innova-
tions offer the possibility of further improving the tech-
nique. The most important issue is the molecular weight
of the antibodies: the size of Mabs and F(ab’) 2 frag-
ments, 155 and 100 kDa, respectively, restricts the depth
of tissue penetration. The use of smaller, diffusible high-
affinity targeting agents, such as peptides and small de-
signer antibody fragments, should therefore improve the
results of the approach [78]. The use of apha-emitting
isotopes with a high LET could lead to a more complete
sterilisation of the BAT. The use of different antibodies
directed against cell membrane antigens may be of
value, as may the injection of antibody cocktails de-
signed to bind more antigen sites. The timing of radioim-
munotherapy might also be improved: ideally it should
be given immediately after the operation, before external
radiotherapy, when the tissue is more vascularized and
more permeable. The area of research in this field is
wide, and nuclear medicine could become the leading
science in the therapy of brain tumours.

Acknowledgements. This work has been supported by a grant from
Istituto Oncologico Romagnolo, Italy and by AIRC (Italian Asso-
ciation for Cancer Research).

References

1. Inskip PD, Mellemkjaer L, Gridley G, Olsen JH. Incidence of
intracranial tumors following hospitalization for head injuries
(Denmark). Cancer Causes Control 1998; 9: 109-116.

2. Fernandez PM, Brem S. Malignant brain tumors in the elderly.
Clin Geriatr Med 1997; 13: 327-338.

3. Fleury A, Menegoz F, Grosclaude P, Daures JP, Henry-Amar
M, Raverdy N, Schaffer P, Poisson M, Delattre JY. Descriptive
epidemiology of cerebral gliomasin France. Cancer 1997; 79:
1195-1202.

4. Fiorani L, Ferro S, Giovannini A, Palazzini A, Azzimondi G,
D’Alessandro R. Mortality from primary malignant brain
tumors in the Province of Bologna, Italy, 1986-1988. Acta
Neurol Scand 1996; 93: 355-359.

European Journal of Nuclear Medicine Vol. 27, No. 5, May 2000

o Ul

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

607

. Black PM Brain tumors. N Engl J Med 1991; 324: 1555-1564.
. Evan G. Cancer — a matter of life and cell death. Int J Cancer

1997, 71: 709-711.

. Kuroiwa T, Kajimoto Y, Ohta T. Comparison between opera-

tive findings on malignant glioma by a fluorescein surgical
microscopy and histological findings. Neurol Res 1999; 21:
130-134.

. Black P. Management of malignant glioma: role of surgery in

relation to multimodality therapy. J Neurovirol 1998; 4:
227-236.

. Harbaugh KS, Black PM. Strategies in the surgical manage-

ment of malignant gliomas. Semin Surg Oncol 1998; 14:
26-33.

Rampling R. Modern aspects of radiation therapy for glial
tumours of the brain. Forum (Genova) 1998; 8: 289-301.

Larson DA, Wara WM. Radiotherapy of primary malignant
brain tumors. Semin Surg Oncol 1998; 14: 3442 .

Gregor A, Cull A. Radiotherapy for malignant glioma. BMJ

1996; 313: 1500-1501.

Kohshi K, Kinoshita Y, Imada H, Kunugita N, Abe H,
TerashimaH, Tokui N, Uemura S. Effects of radiotherapy after
hyperbaric oxygenation on malignant gliomas. Br J Cancer
1999; 80: 236-241.

Burnet NG, Taylor RE. Malignant cerebral glioma. Modern
radiotherapy techniques are needed to spare normal brain
tissue. BMJ 1997; 22: 900-901.

Puduvalli VK, Yung AWK. New frontiers in therapy of malig-
nant gliomas. Forum (Genova) 1998; 8: 261-269.

Shafman TD, Loeffler JS. Novel radiation technologies for
malignant gliomas. Curr Opin Oncol 1999; 11: 147-151.

Kim HK, Thornton AF, Greenberg HS, Page MA, Junck L,
Sandler HM. Results of re-irradiation of primary intracranial
neoplasms with three-dimensional conformal therapy. Am J
Clin Oncol 1997; 20: 358-363.

Alexander E 3rd, Loeffler JS. The role of radiosurgery for glial
neoplasms. Neurosurg Clin North Am 1999; 10: 351-358.

Foote KD, Friedman WA, Buatti JM, Bova FJ, Meeks SA.
Linear accelerator radiosurgery in brain tumor management.
Neurosurg Clin North Am 1999; 10: 203-242.

Wheeler FJ, Nigg DW, Capala J, Watkins PR, Vroegindeweij
C, Auterinen |, Seppala T, Bleuel D. Boron neutron capture
therapy (BNCT): implications of neutron beam and boron
compound characteristics. Med Phys 1999; 26: 1237-1244.
Ortiz de Urbina D, Santos M, Garcia-Berrocal |, Bustos JC,
Samblas J, Gutierrez-Diaz JA, Delgado JM, Donckaster G,
Calvo FA. Intraoperative radiation therapy in malignant glio-
ma: early clinical results. Neurol Res 1995; 17: 289-294.
Fujiwara T, Honma Y, Ogawa T, Irie K, Kuyama H, Nagao S,
Takashima H, Hosokawa A, Ohkawa M, Tanabe M. Intraoper-
ative radiotherapy for gliomas. J Neurooncol 1995; 23: 81-86.

McDermott MW, Sneed PK, Gutin PH. Interstitial brachyther-
apy for malignant brain tumors. Semin Surg Oncol 1998; 14:
79-87.

Matsumoto K, Nakagawa T, Tada E, Furuta T, Hiraki Y,
Ohmoto T. Effect of adjuvant iridium-192 brachytherapy on
the survival of patients with malignant gliomas. J Clin Oncol
1998; 16: 2202-2212.

Couldwell WT, Hinton DR, Surnock AA, DeGiorgio CM,
Weiner LP, Apuzzo ML, Masri L, Law RE, Weiss MH. Treat-
ment of recurrent malignant gliomas with chronic ora high-
dose tamoxifen. Clin Cancer Res 1996; 2: 619-622.

Marzolini C, Decosterd LA, Shen F, Gander M, Leyvraz S,
Bauer J, Buclin T, Biollaz J, Lejeune F. Pharmacokinetics of



608

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

41.

42.

temozolomide in association with fotemustine in malignant
melanoma and malignant glioma patients: comparison of oral,
intravenous, and hepatic intra-arterial administration. Cancer
Chemother Pharmacol 1998; 42: 433-440.

DeAngelis LM, Burger PC, Green SB, Cairncross JG. Malig-
nant glioma: who benefits from adjuvant chemotherapy? Ann
Neurol 1998; 44: 691-695.

Stein ME, Kuten A, Drumea K, Goldsher D, Tzuk-Shina Z.
Carboplatin and etoposide for recurrent malignant glioma fol-
lowing surgical and radiotherapy failure: a clinical study con-
ducted at the Northern Israel Oncology Center. J Surg Oncol

1999; 71: 167-170.

Schmidt F, Schuster M, Streffer J, Schabet M, Weller M.
Topotecan-based combination chemotherapy for human malig-
nant glioma. Anticancer Res 1999; 19: 1217-1221.

Cokgor |, Friedman HS, Friedman AH. Chemotherapy for
adults with malignant glioma. Cancer Invest 1999; 17: 264—
272.

Mizumatsu S, Matsumoto K, Maeda Y, Tamiya T, Furuta T,
Ohmoto T. A clinical evaluation of combination therapy with
radiation, MCNU, carboplatin and IFN-beta or with radiation,
MCNU, carboplatin, etoposide and IFN-beta for malignant
gliomas. Gan To Kagaku Ryoho 1998; 25: 2055-2060.

Hirano Y, Mineura K, Mizoi K, Tomura N. Therapeutic results
of intra-arterial chemotherapy in patients with malignant
glioma. Int J Oncol 1998; 13: 537-542.

Waelter KA, Tamargo RJ, Olivi A, Burger PC, Brem H. Intratu-
moral chemotherapy. Neurosurgery 1995; 37: 1128-1145.
Valtonen S, Timonen U, Toivanen P, Kalimo H, Kivipelto L,

Heiskanen O, Unsgaard G, Kuurne T. Interstitial chemothera-
py with carmustine-loaded polymers for high-grade gliomas: a
randomized double-blind study. Neurosurgery 1997; 41: 44—
48.

Plautz GE, Barnett GH, Miller DW, Cohen BH, Prayson RA,
Krauss JC, Luciano M, Kangisser DB, Shu S. Systemic T cell
adoptive immunotherapy of malignant gliomas. J Neurosurg
1998; 89: 42-51.

Im SA, Gomez-Manzano C, Fueyo J, Liu TJ, Ke LD, Kim JS,
Lee HY, Steck PA, Kyritsis AP, Yung WK. Antiangiogenesis
treatment for gliomas: transfer of antisense-vascular endotheli-
a growth factor inhibits tumor growth in vivo. Cancer Res
1999; 59: 895-900.

Puumalainen AM, Vapalahti M, Yla-Herttuala S. Adv gene
therapy for malignant glioma patients. Exp Med Biol 1998;
451: 505-509.

Sasaki M, Plate KH. Gene therapy of malignant glioma: recent
advances in experimental and clinical studies. Ann Oncol

1998; 9: 1155-1166.

Alvord EC Jr. Survival in malignant gliomas. J Neurosurg
1994; 80: 350-351.

. Sharkey RM, Blumenthal RD, Goldenberg DM. Development

of cancer radioimmunotherapy and its potential use as an adju-
vant treatment. In: Goldenberg DM, ed. Cancer therapy with
radiolabeled antibodies. London, New York: CRC Press;
1995: 101-114.

Miyamoto CT, Brady LW, Rackover MA, Emrich J, Class R,
Bender H, Micaily B, Steplewski Z. The use of epidermal
growth factor receptor-425 monoclonal antibodies radiola-
beled with iodine-125 in the adjuvant treatment of patients
with high grade gliomas of the brain. Recent Results Cancer
Res 1996; 141: 183-192.

Brady LW, Markoe AM, Woo DV, Amendola BE, Karlsson
UL, Rackover MA, Koprowski H, Steplewski Z, Peyster RG.

46.

47.

49.

50.

51.

52.

53.

54.

55.

56.

lodine-125-labeled anti-epidermal growth factor receptor-425
in the treatment of glioblastoma multiforme. A pilot study.
Front Radiat Ther Oncol 1990; 24: 151-160.

. Brady LW, Miyamoto C, Woo DV, et al. Malignant astrocyto-

mas treated with iodine-125 labeled monoclonal antibody 425
against epidermal growth factor receptor: a phase Il trial. Int J
Radiat Oncol Biol Phys 1992; 22: 225-230.

. Brady LW. A new treatment for high grade gliomas of the

brain. Bull Mem Acad R Med Belg 1998; 153: 255-261.

. Devys A, Kraeber-Boderé F, Chatal JF. Biodistribution and

pharmacokinetics of radiolabelled antibodies. In: Riva P, ed.
Cancer radioimmunotherapy: present and future. London:
Harwood Academic Publishers; 1999: 51-72.

Riva P, Franceschi G, Riva N, Casi M. Role of radioimmuno-
therapy in the treatment of CNS malignant glioma: the intrale-
sional approach. In: Riva P, ed. Cancer radioimmunotherapy:
present and future. London: Harwood Academic Publishers;
1999: 485-502.

Paganelli G, Grana C, Chinol M, Cremonesi M, De Cicco C,
De Braud F, Robertson C, Zurrida S, Casadio C, Zoboli S, Sic-
cardi AG, Veronesi U. Antibody-guided three-step therapy for
high grade glioma with yttrium-90 biotin. Eur J Nucl Med
1999; 26: 348-357.

. Alvarez RD, Partridge EE, Khazaeli MB, Plott G, Austin M,

KilgoreL, Russell CD, Liu T, Grizzle WE, Schiom J, LoBuglio
AF, Meredith RF. Intraperitoneal radioimmunotherapy of
ovarian cancer with 177Lu-CC49: a phase I/l study. Gynecol
Oncol 1997; 65: 94-101.

Crippa F, Bolis G, Seregni E, Gavoni N, Scarfone G, Ferraris
C, Buraggi GL, Bombardieri E. Single-dose intraperitoneal
radioimmunotherapy with the murine monoclonal antibody
1-131 MOv18: clinical results in patients with minimal residu-
al disease of ovarian cancer. Eur J Cancer 1995; 31: 686-690.
Kairemo KJ. Radioimmunotherapy of solid cancers: a review.
Acta Oncol 1996; 35: 343-355.

Gupta RK, Hird V, Slevin ML, Riva P, Trope C, Bullimore
JA, Newman H, Williams CJ, Bleheen NM, Maughan TS,
Otrowski MJ, Delaloy B, Tennival J, Howell A, Epenetos AA.
Treatment of ascitis and pleural effusions due to malignant
disease using iodine-131 labelled tumor associated monoclo-
nal antibodies. Tumor Targeting 1996; 2: 197-203.

Kemshead J. Intrathecal injection of radiolabelled monoclonal
antibodies for the treatment of malignancies within the central
nervous system. In: Riva P, ed. Cancer radioimmunotherapy:
present and future. London: Harwood Academic Publishers;
1999: 469-484.

Goldbrunner RH, Bernstein JJ, Tonn JC. Cell-extracellular
matrix interaction in glioma invasion. Acta Neurochir (\Wen)
1999; 141: 295-305.

Hopkins K, Papanastassiou V, Zananiri FA, Kemshead JT. A
model to estimate the dose to tumour following intracavity ad-
ministration of radioimmunoconjugates to patients with malig-
nant gliomas. Br J Radiol 1997; 70: 1152-1161.

Hopkins K, Papanastassiou V, Kemshead JT. The treatment of
patients with recurrent malignant gliomas with intratumoral
radioimmunoconjugates. Recent Results Cancer Res 1996;
141: 159-175.

Riva P, Arista A, Sturiadle C, Moscatelli G, Tison V, Mariani
M, Seccamani E, Lazzari S, Fagioli L, Franceschi G, Sarti G,
Riva N, Natali PG, Zardi L, Scassellati GA. Treatment of in-
tracranial human glioblastoma by direct intratumoral adminis-
tration of 1-131 labelled anti-tenascin monoclonal antibody
BC-2. Int J Cancer 1992; 51: 7-13.

European Journal of Nuclear Medicine Vol. 27, No. 5, May 2000



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Zalutsky MR, Moseley RP, Coakham HB, Coleman RE,
Bigner DD. Pharmacokinetics and tumor localization of 131]-
labeled anti-tenascin monoclonal antibody 81C6 in patients
with gliomas and other intracranial malignancies. Cancer Res

1989; 49: 2807-2813.

Leprini A, Querze G, Zardi L. Tenascin isoforms:. possible tar-
gets for diagnosis and therapy of cancer and mechanisms regu-
lating their expression. Perspect Dev Neurobiol 1994; 2: 117—
123.

Carnemolla B, Siri A, Borsi L, Zardi L. Tenascin in disease.
In: Crossin KL, ed. Tenascin and counteradhesive molecules
of the extracellular matrix. London: Harwood Academic Pub-
lishers; 1996: 89-108.

Papanastassiou V, Pizer BL, Coakham HB, Bullimore J,
Zananiri T, Kemshead JT. Treatment of recurrent and cystic
malignant gliomas by a single intracavity injection of 131
monoclonal antibody: feasibility, pharmacokinetics and dosim-
etry. Br J Cancer 1993; 67: 144-151.

Hopkins K, Papanastassiou V, Kemshead JT. The treatment of
patients with recurrent malignant gliomas with intratumoral
radioimmunoconjugates. Recent Results Cancer Res 1996;
141: 159-175.

Papanastassiou V, Pizer BL, Coakham HB, Bullimore J,
Zananiri T, Kemshead JT. Treatment of recurrent and cystic
malignant gliomas by a single intracavity injection of 131
monoclonal antibody: feasibility, pharmacokinetics and dosim-
etry. Br J Cancer 1993; 67: 144-151.

Brown MT, Coleman RE, Friedman AH, Friedman HS,
McLendon RE, Reiman R, Felsberg GJ, Tien RD, Bigner SH,
Zalutsky MR, Zhao XG, Wikstrand CJ, Pegram CN, Herndon
JE 2nd, Vick NA, Paleologos N, Fredericks RK, Schold SC Jr,
Bigner DD. Intrathecal 131I-labeled antitenascin monoclonal
antibody 81C6 treatment of patients with leptomeningeal neo-
plasms or primary brain tumor resection cavities with sub-
arachnoid communication: phase | trial results. Clin Cancer
Res 1996; 2: 963-972.

RivaP, Arista A,Tison V, Sturiale C, Franceschi G, Spinelli A,
Riva N, Casi M, Moscatelli G, Frattarelli M. Intralesional
radioimmunotherapy of malingnant gliomas: an effective treat-
ment in recurrent tumors. Cancer (Suppl) 1994; 73: 1076—
1082.

Hopkins K, Chandler C, Bullimore J, Sandeman D, Coakham
H, Kemshead JT. A pilot study of the treatment of patients
with recurrent malignant gliomas with intratumoral yttrium-90
radioimmunoconjugates. Radiother Oncol 1995; 34: 121-131.
Riva P, Franceschi G, Frattarelli M, Lazzari S, Riva N,
Giuliani G, Casi M, Sarti G, Guiducci G, Giorgetti G, Gentile
R, Santimaria M, Jermann E, Maeke HR. Loco-regional radio-
immunotherapy of high grade malignant gliomas by using spe-
cific monoclonal antibodies labeled with Y-90. A phase |
study. Clin Cancer Res (Suppl) 1999; 5: 3275s-3280 s.

Zalutsky MR, Bigner DD. Radioimmunotherapy with alpha-
particle emitting radioimmunoconjugates. Acta Oncol 1996;
35: 373-379.

Bigner DD, Brown MT, Friedman AH, Coleman RE, Akabani
G, Friedman HS, Thorstad WL, McLendon RE, Bigner SH,
Zhao XG, Pegram CN, Wikstrand CJ, Herndon JE 2nd, Vick
NA, Paleologos N, Cokgor I, Provenzale JM, Zalutsky MR.

European Journal of Nuclear Medicine Vol. 27, No. 5, May 2000

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

609

lodine-131-labeled antitenascin monoclonal antibody 81C6
treatment of patients with recurrent malignant gliomas: phase |
trial results. J Clin Oncol 1998; 16: 2202—2212.

Riva B, Franceschi G, Frattarelli M, Riva N, Guiducci G,
Cremonini AM, Giuliani G, Casi M. Effectiveness of local
radioimmunotherapy of high grade malignant glioma with
antitenascin monoclonal antibodies. Minerva Biotecnologica
1999; 10: 138-145.

Carapella CM, Ferraironi A, Mastrostefano R, Mottolese M,

Raus L, Sciuto R, Tofani A, Benassi M, Occhipinti EM, Maini
CL. Radioimmunotherapy (RIT) associated with cisplatin as a
radiosensitizer in recurrent malignant glioma: preliminary ex-
perience. Asco Meeting, Atlanta 1999; May 15-18, abstract
n.569.

Bigner DD, Brown MT, Friedman AH, Coleman RE, Akabani
G, Friedman HS, Thorstad WL, McLendon RE, Bigner SH,
Zhao XG, Pegram CN, Wikstrand CJ, Herndon JE 2nd, Vick
NA, Paleologos N, Cokgor I, Provenzale JM, Zalutsky MR.
lodine-131-labeled antitenascin monoclonal antibody 81C6
treatment of patients with recurrent malignant gliomas: phase |
trial results. Neurol Med Chir 1997; 37: 891-899.

Hopkins K, Chandler C, Bullimore J, Sandeman D, Coakham
H, Kemshead JT. A pilot study of the treatment of patients
with recurrent malignant gliomas with intratumoral yttrium-90
radioimmunoconjugates. Radiother Oncol 1995; 34: 121-131.
Riva P, Arista A, Franceschi G, Frattarelli M, Sturiale C, Riva
N, Casi M, Rossitti R. Local treatment of malignant gliomas
by direct infusion of specific monoclonal antibodies labelled
with 131, Comparison of the results obtained in recurrent and
newly diagnosed tumours. Cancer Res (Suppl) 1995; 55:
5952s- 5956 s.

Bigner DD, Brown M, Coleman RE, Friedman AH, Friedman
HS, McLendon RE, Bigner SH, Zhao XG, Wikstrand CJ,
Pegram CN. Phase | studies of treatment of malignant gliomas
and neoplastic meningitis with 131|-radiolabeled monoclonal
antibodies anti-tenascin 81C6 and anti-chondroitin proteogly-
can sulfate Mel-14 F (ab’)2 — a preliminary report. J Neuro-
oncol 1995; 24: 109-122.

Cokgor |, Akabani G, Friedman AH, Coleman RE, Zalutsky

M R, McLendon RE, Bigner SH, Xiao-Guang Z, Pegram CN,
Wikstrand CJ, Herndon |11 JE, Provenzale M, Friedman HS,
Bigner DD. The treatment of newly diagnosed brain tumor pa-
tients with 1131 anti-tenascin monoclonal antibody 81C6 via
surgically created resection cavities: results of a phase | trial.
Asco Mesting, Atlanta 1999; May 15-18, abstract n.547.

Riva P, Franceschi G, Frattarelli M, Riva N, Guiducci G,
Cremonini AM, Giuliani G, Casi M, Gentile R, Jekunen AA,
Kairemo KJ. 131 radioconjugated antibodies for the locore-
giona radioimmunotherapy of high-grade malignant glioma.
Phase | and Il study. Acta Oncol 1999; 38: 351-3509.

Kaplan EL, Meier P. Non parametric estimation from incom-
plete observations. J Stat Assoc 1958; 53: 457-481.

Merlo A, Hausmann O, Wasner M, Steiner P, Otte A, Jermann
E, Freitag P, Reubi JC, Muller-Brand J, Gratzl O, Macke HR.
Locoregiona regulatory peptide receptor targeting with the
diffusible somatostatin analogue %0Y-labeled DOTAO-D-Phel-
Tyr3-octrectide (DOTATOC): a pilot study in human gliomas.
Clin Cancer Res 1999; 5: 1025-1033.



