
rain gliomas comprise @60%of all primary CNS
tumors and are challenging areas both for clinical on
cologists and laboratory scientists (1). The prognosis of
these tumors has not changed significantly in the last
decade despite advances in surgery (2), radiotherapy
(3â€”5)and chemotherapy (6). Postoperative irradiation
may improve the quality of life and extend survival in
many cases (3). It has been suggested that higher doses
of radiation may contribute to increased survival but
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this should be tempered by the side effects that may
arise from high doses ofradiation (4,5).

Targeting of radiation using monoclonal antibodies
is an attractive concept and encouraging responseshave
been described in some instances (7) including a case
report of brain glioma (8). Intravenous administration
of radiolabeled antibodies results in very low uptake by
the tumor (9). It has been suggested (8) and shown in
clinical (10) and preclinical (11) studies that the intra
arterial administration of radiolabeled antibodies may
be advantageous in terms ofimproved tumor targeting.
Selection of appropriate targets for monoclonal anti
body guided therapy is a challenging area. We have
selected epidermal growth factor receptor (12â€”14) as
one ofthe targets. Epidermal growth factor (EGF) (15)
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Twenty-seven patients with brain glioma were scanned using 1@l-labeledmonoclonal
antibodies against epidermal growth factor receptor (EGFR1) or placental alkaline
phosphatase(Hi 7E2).Successfullocalizationwas achievedin 18 out of 27 patients.Eleven
out of 27 patientswerealsostudiedusinga nonspecificcontrolantibody(11.4.1)of the same
immunoglobulinsubclassandobservabletumorlocalizationwasalsoachievedinfivepatients.
Thespecificityof targetingwas assessedby comparingimagesobtainedwith specificand
nonspecificantibodiesandby examiningtumorandnormaltissuebiopsiesafterdualantibody
administration.Tenpatientswith recurrentgradeIll or IVgliomawho showedgood
localization of radiolabeled antibody were treated with 40â€”140mCi of 1311-labeledantibody
deliveredto the tumorareaintravenously(n = 5) or by infusioninto the internalcarotidartery
(n = 5).Six patientsshowedclinicalimprovementlastingfrom 6 moto 3 yr. Onepatient
continuesin remission(3 yr aftertherapy),but the otherfivewho respondedinitiallyrelapsed
6â€”9moafter therapyanddied.Nomajortoxicitywas attributableto antibody-guided
irradiation.Targetedirradiationby monoclonalantibodymaybeclinicallyusefulandshouldbe
exploredfurtherin the treatmentof braingliomasresistantto conventionalformsof
treatment.
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promotes growth of a wide range of cell types, but in
order to respond to EGF, a cell must express on its
surface a receptor for EGF (16). It has been shown that
a wide range of tumors (1 7) including some brain
gliomas (13,14) express high levels of EGF receptors.
Furthermore, in some cases, the tumor DNA shows
rearrangement and amplification (14) compared to the
EGF receptor gene normally present in human placen
tal DNA. It is probable that a high concentration of
EGF receptors facilitates growth of tumor cells in vivo
(18) and it has been demonstrated that tumors with
high levels of EGF receptors have a worse prognosis
(19).

Our second target for antibody-guided localization
and therapy was placental alkaline phosphatase (PLAP)
(20). We previouslyfound positiveexpressionof PLAP
on tumors (21) including some brain gliomas. The
function of PLAP is not known at present, but it is
possible that its presence on cells offers them a growth
advantage. High levels of PLAP in some tumors have
been associated with a bad prognosis (22).

Our study had three main objectives: (a)to investigate
whether radiolabeled antibody can localize successfully
in brain gliomas; (b) to test the specificity of localization
by incorporating a nonspecific monoclonal antibody in
imaging and biopsy studies; and (c) to assess toxicity
and therapeutic efficacy of â€˜311-labeledantibodies in the
treatment ofrecurrent gliomas resistant to conventional
therapy.

PATIENTS, MATERIALS, AND METHODS

Patients
Two groups of patients were studied. The firstconsisted of

27 patients,with known or suspectedbrain gliomas(Table 1
and 2) aged 14-71 yr (mean = 45 yr) were selectedfor the
radioimmunolocalizationstudy.Patientswholaterwerefound
to have metastaticcarcinoma were excluded from the study.

All patients were scanned by external scintigraphy imme
diately after the i.v. administration of the radiolabeled anti
body, and then at 24 and 48 hr. Eleven patients were also
imagedusinga nonspecificantibody2 wkafter the studywith
the specificantibody. The studieswith the specificand non
specificantibody were performed in a similar fashion using
the same isotope, the same route of administrationand equal
doses. The mean amount of injected protein per patient for
externalbody scintigraphywasâ€˜@-250@g(200-300 @&g).

Ten patients,aged 14â€”65yr (mean = 41 yr),with recurrent
grade III or IV glioma who previously showed good antibody
localization, were treated with iodine-l3l- (â€˜@â€˜I)labeled anti
body delivered to the tumor area by infusion into the internal
carotid artery (N = 5) or by intravenous administration
(N = 5) (Table 2).

The second group consisted of seven patients. They under
went tumor resectionand radioactivityin tumor tissuespeci
menswasestimated,3 daysafter injectionofthe EGFR1and
the nonspecificantibodylabeledwith â€˜31Iand1251,respectively.

No patient had received chemotherapy or radiotherapy
within 6 wk of the study. Written and informedconsent was
obtained prior to entry into the study. Prior to injection
patientswereskin tested forallergyto mouse immunoglobulin
and weregiven 120mg potassiumiodidedaily for 7 days for
diagnostic, and for 28 days for therapeutic studies, starting
one day beforeantibodyadministration.

MonoclonalAntibodies
EGFRJ. This mouse IgGl antibody binds to the native

folded external domain of the human and rat EGF receptors
(23). It does not react with the v-erb B protein probably
becauseit recognizessequencesnot present in the truncated
molecule.

Hi 7E2. This is a mouse IgGl that was raised against
purified plasma membranes of normal term placenta (24). It
precipitatesplacentalalkalinephosphataseactivityat a single
band of 67,000 D consistent with the molecular weight of
PLAP(20). It also reactswith the leucine-inhibitableform of
alkaline phosphatase found at low levels in the normal testis
and is cross reactivewith the placental enzyme. It does not
react with other nonpiacental forms of alkaline phosphatase
(24).

ii.4.i. This is a mouse IgGl that was raisedagainstthe
mouse H-2KK antigen (equivalentto human HLA antigen)
and does not crnssreact with any human tissues(25).

Radiolabeling
Iodine-l23 (AERE Harwell), 1251(Amersham International

IMS30.1)or â€˜@â€˜I(AmershamInternationalIBS3O)wasadded
to immunoglobulin(10 mg/ml) and the iodinationprocedure
carriedout in iodogencoatedtubes(26). lodinationproceeded
for 5 mm at room temperature, and the radiolabeled IgG was
separated from free radioiodine by gel filtration on Sephadex
G50 using phosphatebufferedsaline, pH 7.4, as elution buffer
(9).

Immunoreactivity
Thiswastestedin an enzymelinkedimmunosorbentassay

with solid phase antigen (27). Furthermore, comparison of
antibody immunoreactivitybeforeand afterradiolabelingwas
tested in a direct radioimmunoassay, including competition
with unlabeledantibodyas previouslydescribed(9). PUrityof
the antibody preparationswas assessed by FPLC (Pharmacia,
Sweden).

Immunohistology
After counting, fresh frozen tissue sectionsof the tumors

were tested in an indirect immunoperoxidase reaction for
antibody reactivity.The concentration of the antibody used
in immunohistochemistry was 10 &g/ml.

Kinetics
Blood samples were taken at various intervals and urine

was collectedfor 5 days followingthe administration of the
antibodyeither for imagingor therapy.Aliquotsof the blood
and urine were counted in a gamma counter along with
standards of the injectate for clearance studies. The content
of the wholeblood wascalculatedby estimatingthe expected
bloodvolumefromthe patientsbody surfacearea (28). Renal
1311 excretion was calculated and expressed as cumulative

excretion. Protein bound iodine in the serum was quantitated
by chromatographyon a column with SephadexG50.
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Patient
no.Age/sex (yr)HistologyPrevious treatmentSpecific ABNonspecificAB114/FGliomaRT(+)255/M(brain

stem)
Glioma
(brainstem)AT(-F)(+/â€”)341/MGlioma

(gradeIll)Surgery,
AT(4-)(â€”)437/MGliomaSurgery,

AT(+)(â€”)541/F(grade
Ill)

GliomaSurgery,AT(1-)660/M(grade
IV)

Glioma
(gradeIV)RT(+)(+)750/MGlioma

(gradeIV)Surgery,
AT(+)871/MAstrocytoma

(grade Ill)Surgery,
RT(â€”)943/MGlioma

(gradeIll)AT,
chemotherapy(+)(â€”)1

042/FAstrocytoma
(gradeIll)Surgery,

chemo
therapy(â€”)I
169/MAstrocytoma

(gradeIV)Surgery(+)(+)1266/MGlioma

(gradeIV)Surgery(â€”)

Imaging Studies
All the patients were scanned immediately after antibody

administration labeled with 10 mCi of 1231and then at 24 and
48 hr. A large field-of-view camera (General Electric 400T
gamma camera) was used with a low-energycollimator. In
general,200kcountswereusedto producethe earlyscansand
lOOkcounts for later scans. All the patients after antibody
treatment, when â€˜@â€˜Iwas decayed enough, were scanned using
a high-energycollimator.

Biodistribution Studies
Tumor and normal brain tissues were removed at opera

tion, 3 days after antibody administration. Samples were
washed with PBS with heparin, blotted dry, weighed imme
diately on an analytic balance and counted in a gamma
counter, in order to establish the percentage of injected dose
per gram oftissue. Specificity index was defined as the percent
of the injecteddose per gram of specificantibody dividedby
the percent ofthe injected dose ofthe nonspecific antibody in
tumor tissue. In addition to the specificity index, the tumor
to normal brain ratio wasassessedand definedas the percent
ofthe injected dose per gram ofadministered antibody in the
tumor divided by the percent of the injected dose in normal
tissue. Biopsies from necrotic areas were excluded from the
calculation.

Dosimetry
Macroscopic dosimetry calculations were performed on the

evidence from biopsy and scans, as well as from body clearance
data. No attempt at microdosimetry was made although it
could be assumed that local variations in radioactiveconcen
trationwould give riseto undefined errorsin dose calculation.
The basic formula for tissue dose from radiation distributed

within that tissue is

K x TÂ½x C = absorbeddose (cGy),

where K is a constant representingthe absorbedfraction for a
particular radioactive emmission and incorporates a time
integration constant. The effective half-life in this tissue is TÂ½
and C is the measured concentration in the tissue (29). The
effective half-life is related to the physical and biologic half
livesby the followingexpression:

1/Tef= l/Th+ l/Tp.

Gamma camera imagescompared with imagesof known
concentration of isotopesin suitable phantoms in the water
bath provided the data to estimate the tumor uptake after
both the scan and therapy injections (30). By using a similar
geometric arrangement between patient and phantom studies
direct comparison may be made and few corrections are
needed to account for scatter and attenuation.

The bone marrow dose following the treatment was esti
mated by integratingthe â€˜@â€˜Iradioactivity in the blood over
200 hr after treatment, at which time most ofthe â€˜@â€˜I(>95%)
had been excreted or decayed. Bone marrow is extremely
vascularand macromoleculeswouldrapidlyreachequilibrium
with the blood. Activemarrow constitutes2.2% of the body
weight, that is 25 to 31% ofthe blood weight. It was assumed
in our calculationsthat 25% of the integratedblood activity
was in the bone marrow.

Therapy
Monoclonal antibodies radiolabeled with â€˜@â€˜Iwere delivered

to the tumor areaby a 5-mm infusion into the internalcarotid
artery (N = 5) or by an i.v. administration (N = 5). Patients
received i.v. antibody iftheir internal carotid artery could not

TABLE 1
ImagingStudywith EGFR1MonoclonalAntibody

1638 Kalofonos,Pawlikowska,Hemingwayetal The Journal of Nudear Medicine



Patient
no.Age/sex (yr)HistologyPrevious treatmentSpecific ABNonspecificAB132/MAstrocytoma

(grade III)Surgery,
AT(-F)(â€”)263/FGliomaSurgery,

AT(+)3

441/M 26/M(grade

IlIâ€”IV)
Glioma
(gradeIV)
Glioma
(gradeIV)Surgery,

AT,and
chemotherapy

Surgery,AT(+)(+)565/FAstrocytoma

(gradeIV)Surgery,
AT(4-)660/FAstrocytoma

(gradeIll)Surgery(4-)719/MGlioma

(gradeIV)Surgery,
AT,and

chemotherapy(â€”)(â€”)842/MAstrocytoma

(grade lIâ€”Ill)Surgery,
AT,and

chemotherapy(+)(+)9

1034/M 53/MGlioma
(grade lll-lV)
Astrocytoma
(grade III)Surgery,

AT,and
chemotherapy

Surgery,AT,and
chemotherapy(â€”)

(+)(â€”)1

135/FGliomaAT(â€”)1238/F(grade
II)

GliomaSurgery,AT(â€”)1352/M(grade
II)

Glioma
(gradeIV)Surgery,

AT(4-)(+)1440/MGlioma

(gradeIV)AT(â€”)1536/FGlioma

(gradeIII)Surgery,
AT(â€”)

be satisfactorilyor safelycatheterizedor if the blood supply
of the tumor was not primarily derived from one internal
carotid artery(e.g., the patient with brain stem glioma). We
have not made a quantitativecomparison between the arterial
and i.v. routesof antibodyadministrationin this smallgroup
of patients.

Response Evaluation
All patients underwenta pre-studyevaluation consisting of

history and physical examination as well as full blood count,
biochemical profile, x-ray, and computed tomographic (CT)
scanning. The response in each patient after antibody treat
ment was assessed clinically and radiologically.Clinical eval
nation consisted of symptoms and signs resulting from in
creased intracranial pressure, seizure attacks, neurologic defi
cits with disturbances of motor, speech, sensory, visual, or
intellectual function or personality changes. The patients who
demonstratedan improvement in theirclinical state(improve
ment in neurologic signs and Karnofski performance score)
after antibody treatment were classified as having â€œclinical
responseâ€•.After antibody therapy there was no concomitant
treatment added which could have improved the clinical state.

Computed tomograms were performed 4 wk after the treat
ment and then at variousintervals,to comparethe sizeof the
tumor and the persistenceor not of cerebraledema. Tumors
that had decreased by 25% in two perpendiculardiameters
were classified as having a â€œradiographicresponseâ€•.In many
cases it was not possible to obtain an accurate measure of

tumor volume from a series of CT scans. This was largely
because of the presence of edema, necrosis, and the varied
shape of the tumor. The use of two perpendiculardiameters
in our measurements only provides a semiquantitative esti
mate of tumor volume change. Response categories were: (a)
patientswho clinically and radiologicallywere in response;(b)
patientswhoclinicallybut not radiologicallywerein response;
and (c) patientswith no response.

Human Antimouse Immunoglobulin Response
Patientswereseenweeklyfollowingtreatment. Serumsam

ples were obtained from all patients before and afterantibody
administration (10 days, 2 and 4 mo). The same murine
monoclonal antibodies were used as antigen in the enzyme
linked immunosorbent assay, as previously described (3i).

RESULTS

Patients
Details of patients investigated are shown in Tables

1, 2, and 3. Details of patients treated are shown in
Table 4. No reactions were recorded after the skin test
with mouse immunoglobulin.

Radiolabelingâ€”Immunoreactivity
Monoclonal antibodies were satisfactorily radiola

beled with labeling efficiency of @@-90%and specific

TABLE2
Imaging Study with Hi 7E2 Monoclonal Antibodies
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activity between 5â€”8mCi/mg. No significant loss of
immunoreactivity, or aggregate formation was found.
In the presence of antigen excess more than 70% and
60% ofiodinated EGFR1 and H17E2, respectively, was
capable of binding to antigen.

Immunohistology
EGFR1 monoclonal antibody showed positive stain

ing in an indirect immunoperoxidase reaction against
the majority of giioma tissue sections. This was less
clear with H17E2 antibody because only a small num
ber ofglioma tissues have been tested thus far (work in
progress). We scored as positive when >30% of malig

nant cells within each glioma tissue reacted with anti
body as visualized by low power microscopy.

Kinetics
Kinetic studies were performed with all antibodies

used in this study. Blood clearance was not significantly
different between 123!and â€˜311-labeledantibodies or any
one of the three antibodies used. Iodine clearance was
biphasic with a mean half-life of the first component
TÂ½a= 20 Â±5.5 hr and ofthe second component TÂ½b
= 34 Â± 8 hr. The cumulative urinary excretion of the

1231 and â€˜@â€˜Iover 5 days was @-@-6O% and 70% of the

administered dose, respectively. The protein bound ra
dioactivity in the serum using â€˜231-labeledantibodies
was 90% to 95% (mean 93%), and with â€˜31I-labeled
antibodies for treatment was 85% to 96% (mean 9 1%).

Imaging Studies
Successful antibody guided localization of brain

gliomas was shown in nine out of 12 patients who
received EGFR1 radiolabeled monoclonal antibody
and in nine out of 15 patients who received H17E2
radiolabeled monoclonal antibody. The specificity of
targeting was studied in 11 patients by comparing im
aging after administration of specific and nonspecific
antibodies. Observable tumor localization was also
achieved in five out of 11 patients who received the
nonspecific monoclonal antibody. Figure 1 shows an
antibody scan using EGFR1-'23I in a patient with

FIGURE 2
Antibodyscan of the head 12 days after the treatment
with 131l-labeledHi7E2 monoclonalantibody.The region
of gliomais clearlyseen(arrow).

glioma. Figure 2 shows an antibody scan of the head,
12 days after treatment.

Biodistribution Studies

An analysis of the percentage of injected dose per
gram oftissue in the tumor specimens is shown in Table
3. The mean percentage of injected dose per gram of
tumor and normal brain tissue with the specific anti
body was @@.-O.OO4and 0.0015, respectively. As shown
in Table 3 more specific antibody accumulated in the
tumor than nonspecific but the difference was small.
The tumor to normal brain ratio with specific and
nonspecific antibodies is shown in Figure 3.

Therapy Results
Ten relapsed patients, who had previously shown

good localization of radiolabeled monoclonal antibod
ies were treated with 40â€”140mCi of â€˜MI.The dose of
â€˜@â€˜Iadministered was 40 mCi in two patients, 75 mCi
in two patients, 100 mCi in four patients, 140 mCi in

+c'4HP one patient and one patient was treated twice with 100

mCi each time. Six out of ten patients showed clinical
improvement lasting from 6 mo to 3 yr. In these
patients there was improvement in neurologic param
eters, i.e., one patient showed movement in a hemi

A plegicarm and anotherpatientpartiallyregainedher
sense of balance without having further focal motor
events. Neurologic improvement in these patients al
lowed for further reduction in their steroid dosages. In
two of these six patients there was also radiologic im
provement and one patient, who was treated twice
continues in remission 3 yr after therapy. Four out of
the six patients who responded initially, relapsed and
died 6â€”9mo after antibody therapy (Table 4).

+ 1

p@ A

FIGURE 1
Antibodyscanof theheadwith123I-labeledEGFR1mono
clonalantibodyimmediatelyafter antibodyadministration
andat 24 hr. The regionof gliomais dearly seen(arrow).
â€œAâ€•and@ anteriorandposterior,respectively.
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Patientno.Age/sex (yr)Histology (grade)%
lD/gof

Specifictumor NonspecificSpecificityindex@128/MGlioma0.0008

center0.0033center0.24242/F(II)

Glioma
(II)0.0009

edge
0.0043center0.0030

edge
0.00018 center0.3023.89340/FGlioma

(III)0.0044
center

0.OO2Oedge0.00326
center

0.OOl8edge1.351.11456/MGlioma

(III)0.0060
center

0.0030edge0.0032
center

0.0017edge1.871.76548/FGlioma

(IV)0.0050
center

0.0049edge0.00334
center

0.00196edge1.502.50664/MGlioma

(IV)0.0057
center0.0030center1.90732/MGlioma

(IV)0.00566
center0.00465center1.22.

Specificity index is defined astumorratioof specific veraus nonspecificantibody.

TABLE 3
Biodistnbution Studies

Dosimetry
Static gamma camera images obtained at between 5

and 15 days after therapy showed a mean effective half
life in the tumor region of4O hr. The maximum uptake
by a 25-cc tumor was â€˜@-lmCi from a 100-mCi injectate
giving an upper limit for tumor dose of 1,250 cOy. The

C

.0
z

C

.0
z

integrated dose is sharply dependent on the shape of
the uptake/clearance curve representing the time before
the first measurement at 4 days. These doses are only
rough calculations because biopsies of treated areas
were not obtained. Accurate dosimetry and microdosi
metry in particular are very difficult to be performed
clinically. Other studies of microdosimetry in experi
mental models showed a very wide range of tumor
doses even within the same tumor mass (32).

The mean absorbed dose by bone marrow in the
patients who received 100 mCi and 140 mCi was esti
mated to be â€˜@-140cGy and 260 cOy, respectively.

Toxicity
No acute toxicity was encountered in any of the

patients. Furthermore, we did not observe any impair
ment in liver or renal function tests. The patients treated
with 100 mCi developed mild neutropenia and throm
bocytopenia (leucocytes 2â€”2.9x 106cells/l and platelets
50â€”74x l0@cells/l) 3 to 5 wk after therapy. The patient
who received 140 mCi developed moderate (leukocytes
1.0â€”1.9 x 106 cells/i and platelets 25â€”49cells/i) but
reversible thrombocytopenia (nadir at 30 days) and
neutropenia (nadir 40 days) recovering 10â€”14days after
the nadir. The degree ofmarrow suppression was related
to marrow doses: 140 cOy for mild toxicity; 260 cOy
for moderate toxicity. Transient hemiparesis was oh
served in one patient (H17E2 3) due to the insertion of
the intraarterial catheter into the internal carotid artery.
This lasted for 5 mm and was self limiting.

Human Anti-Mouse Response
One out of ten patients who had therapy developed

human anti-mouse immunoglobulin response after
treatment with radiolabeled monoclonal antibody.
Nine patients did not develop an immune response
above that demonstrated by healthy controls. Our oh

EGFR1

12345
PATIENTS

10
0 Tumor center

@ Tumoredge

0 Tumorcenter
@ Tumoredge

FIGURE 3
Tumor to normal brain ratio of antibody uptake 3 days
after i.v. administrationof EGFR1monoclonalantibody
(upper)and 1i .4.1monodonaianthody (lower).

67
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Patientno.Age/sex(yr)HistologyPrevious therapyAntibodyAouteDoseClinical improvementAadiologicimprovementSurvivalrateEGFA1

#114/FGlioma
(brainstem)ATEGFR1i.v.40

mCiWalking better
Headachere

heved(â€”)6

moEGFA1

#255/MGlioma
(brainstem)ATEGFR1i.v.40

mCiNo(â€”)42daysHi

7E2 #341/MGlioma
(grade IV)Surgery,AT,and

chemo
therapyH17E2i.a.75

mCiHeadache re
Ileved,no
focalmotor
events(â€”)6

moH17E2

#565/FAstrocytoma
(grade IV)Surgery,

ATH17E2i.v.75 mCiCould walk
unaided
able to
graspob
jectswith
lefthand(â€”)6

moH17E2

#4

H17E2#226/M63/FGlioma
(grade IV)
GliomaSurgery,

AT

Surgery,ATH17E2H17E2l.a. i.a.1

00 mCi

100mCiBecame

fully
mobile

No(+) (â€”)9

mo

3moEGFA1

#437/M(grade
IIIâ€”IV)

Glioma
(gradeIll)Surgery,

ATEGFA1i.v.100 mCiHeadache re
lieved

Speechim
proved(â€”)6

moaliveEGFA1

#541/FGlioma
(gradeIV)Surgery,

ATEGFR1i.v.100 mCiNo(â€”)4moH17E2

#132/MAstrocytoma
(gradelii)Surgery,

ATH17E2i.a.140 mCiNo(â€”)4moEGFA1

#1141/MGlioma
(gradeIII)Surgery,

ATEGFA1i.a.100 mCi
(x 2)Headache

re
Ileved,no
seizures,
walking im
proved(+)3

yralive
andin re
mission

TABLE4
Therapy

servations on the phenomenon of human anti-mouse
globulin response in patients has been described in

detail elsewhere (31). In the patients studied by ra
dioimmunoscintigraphy we could not detect human

antimouse IgO antibody (other than preexisting re
sponse) during 4 mo offollow-up, even in those patients
who received two administrations (specific and nonspe
cific antibody).

DISCUSSION

In a previous study(8), we showed that a racliolabeled
tumor-associated monoclonal antibody, when given by
an internal carotid artery infusion, could result in tumor
regression and was of clinical benefit to a patient with
recurrent grade IV glioma resistant to conventional

therapy. This prompted us to perform this larger study

to examine the reproducibility of that report, and to
include controls such as the nonspecific antibody and
different routes ofadministration (33) in order to assess
if sufficient discrimination between antibody uptake in
normal tissue and tumor could be achieved. This was

primarily a study to determine toxicity and the limits
of tolerance for normal organs. At the same time it
provided limited information on efficacy of this ap
proach. We carried out biopsies after administration of
paired antibodies and we compared the uptake of both
specific and nonspecific antibodies. As shown in Table
3 the absolute amount ofspecific antibody accumulated
in the tumor was relatively small. However, in six out
of seven cases, specific antibody (EGFR1) localized in
higher amounts than nonspecific antibody (11.4.1).
There are different factors which could account for the
low accessibility of monoclonal antibodies in the brain
tumors including the blood-brain barrier, lack of vas

cularity, tumor necrosis, etc. We have not made any
measurements to assess the relation between the disrup
tion of the blood-brain â€œbarrierâ€•and the antibody
uptake in these patients. However, it is likely that
breakdown of the blood-brain â€œbarrierâ€•in the tumors
is, at least, in part responsible for both the nonspecific
and the specific antibody uptake. Our findings from
both the biopsy as well as imaging data demonstrate an
element of nonspecific uptake. In five out of nine
patients we showed positive radioimmunolocalization
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of tumor with the nonspecific antibody. The relation
between specific and nonspecific tumor immunolocal
ization is a complex phenomenon which may be differ
ent for every antibody-tumor system. This problem has
not been adequately highlighted in the past by perform
ing dual antibody radioimmunoscintigraphy studies.
Therefore, for meaningful antibody-guided imaging
studies of brain glioma we recommend the use of spe
cific and nonspecific antibodies so that the issue of
specificity can always be resolved.

There is a wide choice of antigens for targeted radio
therapy using monoclonal antibodies. There have been
several reports of monoclonal antibodies reacting
against human gliomas (34â€”38).We selected two mol
ecules which, in addition to their increased expression
on brain gliomas, may play a fundamental role in
carcinogenesis and tumor promotion. Previous in vitro
studies have shown a relationship between EGF recep
tor concentration and tumor growth (18). Gliomas
express epidermal growth factor receptors (13,14) and
this expression may play a role in carcinogenesis (39,
40). Comparison ofthe complete sequence ofthe EGF
receptor gene with that of a transforming protein (V

erb B) present in avian erythroblastosis virus, showed
that the latter was homologous with the transmembrane
and cytoplasmic domains of the EGF receptor, but
lacked the majority ofextracellular sequences (41). One
of the monoclonal antibodies used in this study
(EGFR1) (23) binds to the external domain of the
human EGF receptor but does not react with the V
erb-B protein, presumably because it does not recognize
sequences present in the truncated molecule. Prior im
munohistochemical testing of brain gliomas produced
positive staining with EGFR1 antibody, indicating that
most ofthese tumors synthesize the complete molecule
of EGF receptors. Placental alkaline phosphatase
(PLAP) may be another suitable target (20). It is nor
mally found on term placenta, but its function is not
known at present. Its ectopic expression on rapidly
dividing tumors, such as germ cell neoplasms of the
testes, may indicate that this enzyme is associated with
rapidly progressing tumors. In ovarian cancer, high
levels of serum PLAP are associated with a poor prog
nosis (22). The fact that PLAP is expressed at low levels
or not at all in normal tissues, allows a further advantage
with regard to tumor targeting, in contrast to EGF
receptors that are present at high levels in some normal
tissues such as the small bowel. However, it is not clear,
what proportion ofhuman gliomas express FLAP (work
in progress).

The methods calculating radiation doses to tissues
after the injection of a radioactively labeled compound
are well documented (29). By using the Medical Inter
nal Radiation Dosimetry Committee formula a dose
can be ascribed to each individual organ and to the
whole body provided a knowledge of the physiologic

pathways and kinetics has been obtained. The specific
information required is the amount ofradioactivity, the
residence time in any organ, and the size ofthat organ.
In the case of the patients in this study, these three sets
of data were obtained from separate groups of patients
since those who were selected for treatment were not
those who underwent the biopsy procedure. The size of
the tumor was assessed where possible by CT scan. The
radioactive concentration in the tumor was measured
by either biopsy at 72 hr or by gamma camera images
following the scanning injection, or between 4â€”15days
after the treatment when the activity had fallen to a
manageable level, and by comparing these to images of
calibrated water phantoms. The residence time in the
tumor was also calculated from successive gamma cam
era images over a period of days. Each measurement
has its own peculiar limitation and associated error.
The most pessimistic dose estimates use uptake data
from the biopsy and residence time from the diagnostic
scans and assume a uniform infusion of radioactivity
throughout the diseased tissue. Using this straightfor
ward method the resulting tumor doses are in the region
ofonly 100 or 200 cOys. This value could scarcely have
had any beneficial effect. There is, however, some en
couraging evidence to suggest that an effective adjuvant
dose had been delivered to the tumor. First, the treat
ments were delivered, where possible, by way of the
carotid artery, offering an immediate advantage of per
haps a factor oftwo (10,11,33). Second, the percentage
of injected radioactivity in the tumor region at 4â€”15
days after treatment appeared to be more than that at
the same time after the diagnostic scans indicating a
value of0.02% ofthe injected dose per gram of tumor.
Third, the time of residence in the tumor following the
treatment dose again would indicate a higher initial
uptake although early local concentrations could not be
measured because ofthe high background activity. The
calculated doses are not sufficient on their own to
sterilize brain gliomas. On the other hand, such doses
could make an important contribution if used in con
junction with radical external beam radiotherapy in
patients with poor prognosis grade III or IV gliomas.

Bone marrow toxicity was noted at doses of 100 mCi
of â€˜31I-labeledantibody which was correlated with the
estimated bone marrow dose. The hemopoietic bone
marrow is extremely vascular and is irradiated by its
circulating blood. We have estimated the radiation dose
to marrow to be 140 cOy in patients receiving 100 mCi
and 260 cOy in patients receiving 140 mCi of â€˜@â€˜I.
These findings are in agreement with our previous
studies where â€˜31I-labeledmonoclonal antibodies were
administered for the treatment of advanced ovarian
cancer (7,42).

We were encouraged that six out of the ten patients
treated showed clinical responses even after only one
therapeutic administration. One patient, who was
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3191.
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treated on two occasions, continues in remission 3 yr
post-therapy. We are not certain that the theoretic
advantages ofintraarterial infusion ofdrugs in terms of
increased drug delivery to the tumor and decreased
systemic toxicity (33), are applicable to macromole
cules such as antibodies. The so-called first-pass advan
tage should be minimal in the case of macromolecules
such as immunoglobulins, if the vascular and tumor
areas were considered as a two-compartment model.
Previous clinical (10) and recent preclinical studies (11)
have shown an advantage for the intracarotid adminis
tration of antibodies. A possible explanation for this
may be that intraarterial administered antibody seques
trates into a tumor â€œthirdspaceâ€•which may act as a
reservoir allowing for slow release and access to tumor
antigen (11). We recognize that there is a case for the
study of mathematic modeling in relation to arterial
and venous methods of administration. We did not
measure first-pass uptake at the time of treatment be
cause ofthe difficulties ofusing a gamma camera in the
angiography/catheterization room.

On the basis of this data further studies should be
conducted to determine the exact role of the mono
clonal antibodies for the treatment of brain gliomas.
These results may be improved ifone could use smaller
molecules such as antibody fragments or genetically
engineered fragments (43), radionuclides such as yt
trium-90 (44) that may have more favorable radiobiol
ogic characteristics than â€˜@â€˜Ias well as drugs such as
mannitol which utilize osmotic blood-brain barrier dis
ruption and could increase antibody uptake (45).

In conclusion, we have shown that monoclonal an
tibodies against EGF receptors and placental alkaline
phosphatase can be used to target brain gliomas but the
difference between specific and nonspecific antibodies
was small. In fact 50% of our patients with positive
specific antibody scan showed successful immunolocal
ization with nonspecific antibody. In six out of ten
patients with recurrent glioma who underwent anti
body-guided therapy we demonstrated a clinical benefit,
with no significant toxicity. Monoclonal antibody
guided irradiation may be clinically useful and should
be investigated further in the treatment ofbrain gliomas
resistant to conventional forms of treatment.
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