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Locoregional Regulatory Peptide Receptor Targeting with the
Diffusible Somatostatin Analogue 90Y-Labeled
DOTA0-D-Phe1-Tyr3-octreotide (DOTATOC):
A Pilot Study in Human Gliomas1
represents a measure for the stability of peptide retention in
receptor-positive tissue and might predict the clinical
course. We conclude that SR-positive human gliomas, especially of low-grade type, can be successfully targeted by
intratumoral injection of the metabolically stable small regulatory peptide DOTATOC.
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INTRODUCTION

ABSTRACT
Human gliomas, especially of low-grade type, have been
shown to express high-affinity somatostatin receptor type 2
(J-C. Reubi et al., Am. J. Pathol, 134: 337–344, 1989). We
enrolled seven low-grade and four anaplastic glioma patients in a pilot study using the diffusible peptidic vector
90
Y-labeled DOTA0-D-Phe1-Tyr3-octreotide (DOTATOC)
for receptor targeting. The radiopharmakon was locoregionally injected into a stereotactically inserted Port-a-cath.
DOTATOC competes specifically with somatostatin binding
to somatostatin receptor type 2 in the low nanomolar range
as shown by a displacement curve of 125I-[Tyr3]-octreotide
in tumor tissue sections. Diagnostic 111In-labeled DOTATOC-scintigraphy following local injection displayed homogeneous to nodular intratumoral vector distribution. The
cumulative activity of regionally injected peptide-bound 90Y
amounted to 370-3300 MBq, which is equivalent to an effective dose range between 60 ⴞ 15 and 550 ⴞ 110 Gy. Activity
was injected in one to four fractions according to tumor
volumes; 1110 MBq of 90Y-labeled DOTATOC was the
maximum activity per single injection. We obtained six disease stabilizations and shrinking of a cystic low-grade astrocytoma component. The only toxicity observed was secondary perifocal edema. The activity:dose ratio (MBq:Gy)
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Although aggressive management of glioblastoma multiforme can lead to a 2-year survival of up to 20%, long-term
prognosis is grim (1, 2). In low-grade gliomas of WHO grade II,
survival varies between the different subtypes. In ordinary astrocytomas, 5-year survival varies between 45 and 80% (3), and
for oligodendrogliomas, prognosis is significantly better with a
median survival of 9.8 years (4). Most gliomas are not curable
by surgery, radiotherapy, or chemotherapy, and residual tumor
of variable extent is left to adjuvant measures of limited efficacy
(5).
The blood-brain barrier is a major obstacle for most antineoplastic agents. Therefore, direct intratumoral chemotherapy of
gliomas has been tested, with limited success due to increased
tissue clearance (6, 7). Direct intratumoral administration of
radioimmunoconjugates (8, 9), toxin compounds (10), and geneexpressing viral vectors (11) can lead to high intratumoral doses
or drug concentrations with reduced systemic toxicity. Vector
distribution still might be limited and inhomogeneous. This
drawback could be overcome by adapting a microinfusion technique that establishes a high convective flow in the extracellular
space, leading to tumor responses within a range of 2–3 cm from
the sites of injection using a transferrin-diphtheria toxin compound to treat brain tumors (10). Infiltrating glioma cell aggregates along distant white matter tracts might be difficult to reach
using high molecular weight compounds. There is a need to
develop smaller, highly diffusible vectors to target infiltrative
disease. DOTATOC3 can be regarded as a prototypical highly
diffusible vector for regulatory peptide receptor targeting. We
have already reported on the preliminary results of patients
treated with 90Y-labeled DOTATOC for refractory neuroendocrine tumors (12). Here, we show that the 111In-labeled vector
DOTATOC can readily penetrate large tumor volumes within
3– 6 h after direct intratumoral injection, yielding a scintigraphic

3
The abbreviations used are: DOTATOC, DOTA0-D-Phe1-Tyr3-octreotide; MRI, magnetic resonance imaging; SR, somatostatin receptor;
iRPT, interstitial radiopeptide therapy; i.a., intraarterial; i.t., intratumoral.
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Table 1 Clinical data, effective dose, activity:dose ratio, and response rates in [90Y]-labeled DOTATOC-treated glioma patients
Activity
Age, Histologya Previous
(fractions) Volume
Patient gender location
therapy KPSb Autoradiographyc
(MBq)
(ml)

Effective
dose
(Gy)

Activity:
dose ratio
Progression-free/
(MBq/Gy) Responsed Overall survivale

Low-grade gliomas (WHO grade II)
TH
THi
CM
BS
AB
BF
NJ

30, M
31, M
43, F
30, M
42, F
39, M
43, M

cAII-Rf
AII-Rf
OII-Bf
OII-Rf
AII-Lf
AII-Lf
AII-Lft

B-Dr-R*
S
B
S
B-R
B-R
B-R

90
90
100
100
100
60
50

ND
NA
ND
⫹⫹
ND
ND
⫺

370 (2)
555 (1)
2405 (4)
555 (1)
1100 (2)
740 (3)
2200 (3)

20
15
36
12
30
30
79

3.7
1.5
4.4
2.7
3.9
12.3
22.2

CR
SD
SD
SD
SD
sDet
sDet

⫹4/⫹4
⫹15/⫹15
18/18f
⫹14/⫹14
⫹6/⫹6
0/8
0/13

480 ⫾ 55
335 ⫾ 40
496 ⫾ 100
147 ⫾ 30

2.3
9.8
4.8
13.8

SD
sDet
SD
sDet

⫹10/⫹10
0/6
10/15
0/9

Anaplastic gliomas (WHO III-IV)

FR
WH
SI
WP

63, F
43, M
37, F
28, M

OIII-Rfp
GBM-Rto
GBM-Lt
GBM-Rto

S
S-R
S-R
S-R-C

100
100
80
90

⫹⫹
⫹⫹⫹
⫺
ND

1110 (2)
3330 (3)
2405 (4)
2035 (3)

20
130
77
47

a
c, cystic; AII, fibrillary astrocytoma; OII, oligodendroglioma grade II; AIII, anaplastic astrocytoma; GBM, glioblastoma multiforme; R, right;
L, left; f, frontal; t, temporal; o, occipital; B, biopsy; R*, brachytherapy with 125I seeds; Dr, cyst drainage; R, external beam radiotherapy; S, surgery;
C, chemotherapy.
b
Karnofsky score at time of enrollment.
c
ND, not done; NA, not assessable due to strong gliosis; ⫹, SR-positive; ⫺, SR-negative.
d
CR, complete remission of a cyst in cystic AII; SD, stable disease ⫽ no progression on MRI and clinically stable for progression-free survival
period as defined by a stable KPS and no signs of progression on MRI; PD, progressive disease; sDet, slow deterioration due to disease progression
and possibly radionecrosis.
e
Survival in months.
f
Untreated epileptic status.

tumor image that closely resembles the lesion pattern on MRI.
The rationale for using a somatostatin analogue to target human
gliomas is founded in autoradiographic studies in which gliomas
have been shown to express high affinity SR-2 (13). In vitro and
in vivo animal studies have demonstrated that radiolabeled
DOTATOC is a high-affinity ligand for SR-2 (14). Its uptake in
receptor-expressing tissues and tumors could be inhibited by
pretreating animals with 0.5 mg of octreotide (14, 15). The
present study shows, for the first time in human brain tumors,
that DOTATOC has high affinity binding to SR-2 in the low
nanomolar range. We propose locoregional administration of
90
Y-labeled DOTATOC, iRPT, as a novel therapeutic form of
diffusible brachytherapy to target SR-positive gliomas, especially of low-grade type.

PATIENTS AND METHODS
Patients. The clinical data of 11 patients enrolled into
this pilot study are shown in Table 1. Neutrophil and platelet
counts, creatinine clearance, and prothrombin and partial thromboplastin times were required to be normal. All patients provided written informed consent. The protocol was approved by
the Ethical Committee of the University Hospitals Basel. In vivo
administration of radioconjugates had been authorized by the
Federal Health Authorities.
Radioconjugates. We developed a new DOTA chelated
somatostatin analogue, DOTATOC (DOTA: 1,4,7,10-tetraazacyclododecane-N, N⬘, N⬙, N-tetraacetic acid) in a five-step
synthetic procedure according to GMP practice (16). 111Inlabeled DOTATOC was prepared as follows. Eight g of

DOTATOC were dissolved in 190 l of 0.4 M sodium acetate
buffer (pH 5.5) with 7 mg of gentisic acid; after the addition of
6 mCi 111InCl3 (0.05 M HCl; Mallinckrodt Med., Petten, the
Netherlands), the solution was heated at 90°C for 25 min.
Quality control was obtained with the use of a Sep-Pak C18
cartridge and high-performance liquid chromatography, resulting in highly pure radioligands with preserved receptor binding
affinity (KD ⫽ 2.2 ⫾ 0.5 nM). The affinity of 90Y-labeled
DOTATOC was calculated from a competition assay to 1.8 ⫾
0.5 nM 123I-labeled octreotide; the stability of 90Y-labeled
DOTATOC has been studied as described (16).
Administration of Radiolabeled DOTATOC. 111In-labeled DOTATOC and 90Y-labeled DOTATOC were directly
injected into a Port-a-cath. Its capsule had been permanently
implanted into the calvaria, and its catheter was inserted by
stereotactic navigation (17). All patients were prepared with an
i.v. bolus of dexamethasone (20 mg) and mannitol (20 – 40 g).
After sterile puncture of the reservoir, the device was gently
flushed with 1 ml of 1% human albumin, followed by injection
of 1–1.5 ml of 111 MBq of 111In-labeled DOTATOC and a
defined activity of 90Y-labeled DOTATOC within 60 s. Subsequently, the device was gently flushed with 2–3 ml of 1%
human albumin. Eight to 12 mg of dexamethasone were administered daily for 3 weeks. In patients with a tumor volume ⬎15
ml, 1–3 additional injections were administered in a 6-week
interval.
Scintigraphy and Biodistribution. Planar scintigraphic
images were obtained with a large-field-of-view camera
(DIACAM; Siemens) as described (15, 17). In the first patient
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100 ⫾ 20
380 ⫾ 75
550 ⫾ 110
208 ⫾ 21
280 ⫾ 40
60 ⫾ 15
99 ⫾ 24
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Table 2 Superior vector uptake after locoregional direct i.t.
injection. Uptake ratios on cranial 24-h scintigrams after i.v.,
intracarotid (i.a.), and i.t. administration of [111In]-labeled
DOTATOCa in a SR-positive heterogeneous glioblastoma multiforme
displaying a low-grade oligodendroglioma component
Injection

K /Tb

T /Bhead

T /Babd

K /Babd

i.v.
i.a.
i.t.

29.40
26.41
0.03

0.65
0.80
18.31

0.43
0.55
61.25

12.60
14.66
1.58

a

100 –190 MBq.
K, kidney; T, tumor; Bhead,, cephalic background; Babd, abdominal
background.
b

RESULTS
Patients. Patients having seven low-grade gliomas and
four anaplastic gliomas, which have been histologically classified according to the WHO grading system (21), were enrolled
into this pilot study after having signed the informed consent
form as requested by the Ethical Committee of the University
Hospital Basel (Basel, Switzerland). The clinical data are summarized in Table 1. These patients showed disease progression
despite previous surgery, external beam radiotherapy (55– 60
Gy), brachytherapy with 125I seeds, and/or chemotherapy [1-(2chloroethyl)-3-cyclohexyl-1-nitrosourea], developing signs of
increased intracranial pressure due to volumetric expansion of
solid tumor or associated cystic components. Tumor progression
was confirmed by tissue sampling during biopsy and/or recraniotomy.
Stability and 90Y Release of DOTATOC. The vector is
a small (Mr 1400) and stable regulatory peptidic analogue of
somatostatin conjugated to the radiometal chelator DOTA
creating DOTA0-D-Phe1-Tyr3-octreotide, which we dubbed
DOTATOC (14). In contrast to DTPA0-D-Phe1-octreotide
(OctreoScan), DOTATOC allows stable labeling with 90Y, a ␤⫺
emitter suitable for therapy (maximum ␤⫺ energy, 2.3 MeV;
half-life, 64 h; range, 2–5 mm). The stability of the tracer
DOTATOC was excellent when studied under physiological
conditions. In PBS (37°C), no release of 90Y was seen over ⬎5
days, a critical prerequisite for safe in vivo application. Moreover, the half-life in human serum was determined to be around
2300 h (t1/2 of 90Y, 64 h; Ref. 16). This high stability is most
likely due to a very efficient encapsulation of the radiometal 90Y
inside the cavity which is formed by the chelator DOTA.
Receptor Autoradiography and Binding Specificity of
DOTATOC. In six cases undergoing tumor debulking by
craniotomy, frozen tumor samples could be obtained to deter-
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(W. P.), three different routes of injection were serially performed to compare tumor uptake following i.v., i.a. (into the
right proximal internal carotid), and direct i.t. injection into the
Port-a-cath capsule (Table 2). Images were acquired 30 min and
1, 2, 5, 24, 48, and 72 h after systemic and locoregional
injections of 190 MBq (i.v. and i.a.) and of 100 MBq (i.t.)
111
In-labeled DOTATOC. The uptake (counts/pixel) was determined in specific regions of interest of the cephalic and the
abdominal spine background, of the kidneys and the tumor
cavity 24 h postinjection. Subsequently, uptake ratios of kidney
over tumor [K/T], of tumor over cephalic background [T/Bhead],
of tumor over abdominal spine background [T/Babd], and of
kidney over abdominal spine background [K/Babd] were determined. Radioactivity was measured in blood and urine over
72 h. The chemical structure of the radioligand in blood and
urine was determined by high-performance liquid chromatography. In all of the other patients, the radiopharmakon was injected locoregionally because uptake proved to be far superior
after locoregional injection as compared with systemic application (Table 2). In these patients, cranial and abdominal scintigrams were obtained daily for 5 days.
Autoradiography. Surgical specimens were immediately frozen in liquid nitrogen after resection. Frozen material
was cut on a cryostat for autoradiographic visualization of SRs
using the stable octapeptide, 125I-[Tyr3]-octreotide. The ligand
is iodinated and purified as described previously and characterized in standard binding assays (13, 18), using a 2-h incubation
period at ambient temperature in the presence of 30,000 dpm/
100 l of 125I-[Tyr3]-octreotide. A tumor is considered receptor
positive on a autoradiogram if at least part of it has an absorbance value for the total binding at least twice the value measured
for the nonspecific binding. Care was taken to identify admixture of normal brain next to tumor tissue.
Volumetry. The tumor volumes were analyzed by defining the tumor extensions of each patient on the T1-weighted
gadolinium-DOTA enhanced MR images that were acquired
prior to iRPT. Each tumor was manually outlined on digitized
image data using the NIH Image software. Volumes were calculated by multiplying the tumor area of each slice with slice
thickness corrected by an interslice gap factor on Excel Sheet
software.
Dosimetry. The doses delivered to the neoplasm and to
normal tissues were calculated applying both Medical International Radiation Dosimetry and Monte Carlo formalism (19,
20). Uptake was defined as the ratio IA:IA0 of the integral over

the absorbed activity IA to the integral over the injected activity
IA0. The value of these integrals depends upon the physical
(t1/2 phys) and biological (t1/2 biol) half-lives of the peptidic vector
DOTATOC. The effective half-life (t1/2 eff) is relevant for the
calculation of the accumulated dose D, using the formula
t1/2 eff ⫽ (t1/2 phys ⫻ t1/2 biol)/(t1/2 phys ⫹ t1/2 biol). Within the first
24 h after locoregional injection, t1/2 eff is strongly influenced by
biodistributive processes. Thereafter, t1/2 eff is equivalent to
t1/2 phys. Secondary re-uptake of peptidic vectors after tissue
clearance after intratumoral injection is insignificant, because
the amount of reabsorbed peptides is negligible in comparison
with the specifically bound vectors after primary injection.
Uptakes of around 50% are generally obtained after i.t. injection
of DOTATOC, which is about 2 log scales better compared with
systemic injection. The error E in the estimated dose is related
to the uncertainty ⌬U in the uptake as E ⫽ ⌬U/U. Distinct from
systemic therapy where a phantom has to be used (11), the
activity A0 at the time of injection t0 can be used for calibration.
The uptake as measured by planar scintigraphy in anterior and
lateral projections yields consistent values over time in the range
of ⫾ 10%, irrespective of tumor volume and shape. For i.t.
injection of 90Y-labeled DOTATOC with an average uptake of
50 ⫾ 10%, an uncertainty of 20% results for the estimated
therapeutic dose.
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Fig. 1 In vitro somatostatin autoradiography showing SRs in oligodendroglioma BS (Table 1). A, H&E-stained section. Bar, 1 mm. B, autoradiogram showing total binding of 125I-[Tyr3]-octreotide. The entire
tumor is labeled. C, autoradiogram showing nonspecific binding of
125
I-[Tyr3-]-octreotide (in the presence of 10-6 M octreotide).

mine the somatostatin receptor status; tissue acquired during
stereotactic sampling was not sufficient for SR analysis in the
residual five cases. Because prior brachytherapy, tumor tissue
was not assessable in case THi (Table 1). In case BS, high SR
density and high affinity binding of the SR for octreotide and for
DOTATOC was detected by in vitro receptor autoradiography
(Figs. 1 and 2), whereas the control peptide SS-28 does not
show binding. A similar finding was obtained in an anaplastic
oligodendroglioma (case FR, data not shown). One glioblastoma
that grew out of an astrocytoma grade III (case WH) displayed
an exceptionally high receptor density, despite the malignant
phenotype. In the other two assessable cases (NJ and SI), the

surgically selected specimens were SR negative. In case SI, in
vivo receptor density appeared to be high as estimated by the
activity:dose ratio (see below), suggesting sampling error due to
inhomogeneous SR-2 distribution or loss of assessability during
tissue processing.
Tumor Uptake after Systemic and Intratumoral Injection. In the first patient (WP), we compared direct i.a. (proximal internal carotid) injection of 111In-labeled DOTATOC to
i.v. injection and direct intratumoral injection. The various uptake ratios are shown in Table 2. For each value, counts/pixel
were calculated 24 h after injection, when the effective t1/2
approximates the physical t1/2 (see below). Intratumoral application of 111In-labeled DOTATOC showed improved biodistribution, background clearance, and renal accumulation as compared with systemic administration. We did not observe a “first
pass effect” because uptake ratios did not differ significantly
after i.v. and i.a. injections. After systemic injection, radioactivity clears quickly from the blood, according to a two-exponential curve (␣, ␤) with t1/2 (␣) ⫽ 5 ⫾ 1 min (76% radioactivity) and t1/2 (␤) ⫽ 110 ⫾ 30 min (24% radioactivity; Ref. 15),
which was confirmed in the i.v. and i.a. injection protocol of
patient WP. The radiolabeled peptide is highly stable. Radioactivity from systemic circulation is mainly excreted via the kidneys and found intact in the urine within the first 4 h (⬎96%
intact, ⬎50% of activity in the urine). Thereafter, two metabolites are detected at low concentrations in the urine, the main one
being 111In-labeled DOTA-D-Phe1 (15).
Biodistribution of DOTATOC after Intratumoral Injection. Direct intratumoral injection of drugs into gliomas
bypasses the blood-brain barrier and allowed us to increase
tumor dose while reducing systemic toxicity. However, rapid
tissue clearance into systemic circulation was observed after
intratumoral administration of chemotherapeutic agents (6, 7).
This problem can be overcome by using ligands that specifically
bind to receptors expressed by tumor cells, as shown here by
using the SR-2-DOTATOC system. Within 3– 6 h after local
injection, extensive vector distribution throughout the entire
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Fig. 2 Displacement curve of 125I-[Tyr3]-octreotide in tissue sections
from oligodendroglioma BS (Table 1). Sections were incubated with
30,000 dpm/100 l of 125I-[Tyr3]-octreotide and increasing concentrations of unlabeled octreotide (F), DOTATOC (f), or 1000 nM SS-28
(1–12) (Œ).
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tumor mass was observed on cranial scintigrams, yielding a
stable image for up to 12 days (Fig. 3, images 1– 8; Fig. 4,
images 1– 6). 111In-labeled DOTATOC distribution was confined to radiological tumor borders, giving rise to homogeneous
as well as nodular patterns on cranial scintigrams, and diffusion
has been observed across the neoplastically infiltrated corpus
callosum into the affected contralateral frontal lobe (Fig. 4,
images 3 and 5). We could not detect diffusion into adjacent
normal brain areas on planar cranial scintigrams. About 50% of
the locally injected activity is bound by SR-positive tumors, and
a similar amount of activity diffuses into systemic circulation
within 24 h. Thereafter, the effective and the physical half-lives
of 111In (t1/2 ⫽ 67.4 h) or 90Y (t1/2 ⫽ 64 h), respectively,
became virtually identical because activity in serum and urine
approached zero as shown in an illustrative example (Fig. 5).
This is indicative of a prolonged local effect after specific
receptor-ligand interaction.

Targeting SR-positive Gliomas with 90Y-labeled
DOTATOC. Eleven glioma patients were enrolled into this
pilot study and received one to four fractions of exclusively
locally injected 90Y-labeled DOTATOC. In cases with a tumor
volume ⬎15 ml, one to three injections were repeated in 6-week
intervals. The activity of 90Y-labeled DOTATOC per single
injection ranged between 185 and 1100 MBq (5–30 mCi), and
total cumulative activity per patient between 370 MBq (10 mCi)
and 3330 MBq (90 mCi). Patients were dismissed 1–2 days after
local injection under an antiedematous regimen for 3 weeks to
prevent secondary radiogenic edema.
In patient BS, a single injection of 555 MBq 90Y-labeled
DOTATOC (effective dose, 208 ⫾ 21 Gy) resulted in an activity:dose ratio of 2.7 MBq/Gy (Table 1). This low ratio is
indicative for high in vivo SR expression and specific binding of
DOTATOC to SR, corresponding with the high density of SR-2
receptors by autoradiography (Fig. 1) and a displacement curve
(Fig. 2) on tissue sections of this patient.
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Fig. 3 Tumor uptake of 111Inlabeled DOTATOC (images
1– 8) and MRI tumor extension
(images 9 and 10) in glioblastoma of case WP. In this first
patient, cranial scintigrams were
obtained following i.v. (images 1
and 2), i.a. (images 3 and 4), and
i.t. (images 5– 8) injections at
time points as denoted. Axial gadolinium-enhanced T1- and T2weighted MRI section of the
brain show large tumor mass.
Despite a favorable diffusion
pattern, this patient was not
likely to benefit from iRPT because the activity:dose ratio of
13.8 MBq/Gy is indicative of
low level expression of SR-2.
Repeat stereotactic biopsy proved
tumor heterogeneity because areas of low-grade oligodendrocytic differentiation were disclosed in this so called “de novo
glioblastoma.”
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Fig. 5 Activity recovered from urine as percentage of total injected
activity of 90Y-labeled DOTATOC in a representative sample (case
TH). Bremsstrahlung was measured during 64 h after direct injection of
185 MBq of 90Y-labeled DOTATOC into a cystic fibrillary low-grade
astrocytoma grade II. The effective half-life approximates the physical
t1/2 24 h after injection.

In patient CM suffering from a large bifrontal oligodendroglioma that extended into the genu corporis callosi, 90Ylabeled DOTATOC induced a partial response as shown on
follow-up MRIs 4 and 10 months after initiating iRPT (Fig. 4,
images 7–12). Diffusion of the peptidic vector from the left

frontal lobe across the corpus callosum to the contralateral site
is clearly visible in Fig. 4 (images 3 and 5). The cumulative
locally injected activity in this case amounted to 2405 MBq,
which translates into an effective dose of 550 ⫾ 110 Gy,
yielding a low activity:dose ratio of 4.4 MBq/Gy. This dose has
been well tolerated without any signs of early or intermediate
toxicity (observation interval, 18 months). The nearly complete
vanishing of the contrast-enhancing perifocal volume on the
follow-up MRIs is not caused by a general reduction in contrast
enhancement that occurs as a result of steroid therapy, which
had been discontinued by the time of control MRIs. The remaining low-grade patients are summarized in Table 1.
We also tested the SR-2 DOTATOC approach in four
anaplastic gliomas (WHO III–IV). It is of note that most glioblastomas cannot satisfactorily be targeted with DOTATOC
because malignancy grade is inversely correlated to levels of SR
expression (13). Even if an exceptionally high content of SR-2
is found by autoradiography as in the case of WH (glioblastoma
multiforme progressing from an astrocytoma grade III), the
elevated activity:dose ratio suggests inhomogeneous SR-2 distribution or lack of SR-2 expression in the infiltrating clonal cell
population. The observation in this patient that the dose continuously dropped from the first to to the third local injection of
1100 MBq 90Y-labeled DOTATOC from 145 ⫾ 28 Gy to 60 ⫾
12 Gy would argue for a gradual loss of SR-2 during progression. In patient WP (Tables 1 and 2; Fig. 3), a glioblastoma that
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Fig. 4 Tumor uptake of 111In-labeled DOTATOC (images 1– 6) and marked reduction of perifocal enhancement after 90Y-labeled DOTATOC
treatment (images 7–12) in oligodendroglioma patient CM (Table 1). The cranial scintigram after i.v. (images 1 and 2) injection is shown as compared
with direct intratumoral (images 3– 6) stereotactically guided administration at denoted time points. Coronal gadolinium-enhanced, T1-weighted MRI
prior to (images 7–9) and after (images 10 –12) local injection of 2405 MBq of 90Y-labeled DOTATOC shows complete vanishing of perifocal edema.
The effective dose was 550 ⫾ 110 Gy, and the activity:dose ratio was 4.4 MBq/Gy. Steroid medication had been stopped 4 months before the control
MRI.
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become a useful tool for dose estimates prior to therapy and a
prognostic marker in low-grade gliomas.
Toxicity. Radiogenic edema represented the only side
effect attributable to this local radiopeptide therapy. We did not
observe hematological, chemical, endocrinological, or renal toxicity during the follow-up period (Table 1). Seizure activity did
not increase in frequency as a consequence of this therapy.
Clinical deterioration was considered to be mainly due to tumor
progression based on tumor distribution patterns on MRI; however, in one case (SI), radiation necrosis plus neoplastic tissue
was detected histologically during a follow-up biopsy 11
months after initiation of iRPT (SI). It is of note that in a parallel
ongoing clinical Phase I study using 90Y-labeled DOTATOC to
treat end-stage carcinoids by i.v. injections, renal toxicity has
only been observed at an cumulative activity of ⬎7500 MBq/m2
(⬎200 mCi/m2).

DISCUSSION
Theoretically, four major criteria have to be met for the
successful establishment of biologically guided radiotherapy
protocols of primary brain tumors: (a) high and frequent expression of tumor-associated markers as biological targets; (b) the
availability of high-affinity diffusible targeting agents that reach
all distant sites of tumor cell infiltration; (c) efficient radionuclide labeling of the targeting agents, i.e., preservation of the
binding properties and in vivo stability of the radioconjugate
yielding long residence time on targeted tumor cells; and (e) a
radionuclide energy profile that destroys tumor cells in oxygenated and hypoxic areas without dissipating potentially harmful
energy into adjacent normal brain areas. Under ideal conditions,
targeting SR-2 by DOTATOC fulfills these four criteria, thus
representing a prototype system to develop and establish radiopeptide therapy for brain tumors. It has been shown previously
that predominantly differentiated gliomas express intermediate
to high levels of SR-2 (13). In this study, we found binding of
DOTATOC to SR-2 to be specific in the low nanomolar range
as shown by in vitro autoradiography (Fig. 1) and by a displacement curve (Fig. 2). Uptake of the vector 90Y-labeled
DOTATOC could be substantially improved by direct i.t. locoregional injection as compared with the very limited tumor
uptake after i.v. or intraarterial application. As for F(ab⬘)2 fragments (22), we could not observe an improved uptake of the
peptidic vector after direct i.a. (proximal internal carotid) injection as compared with i.v. administration. The prolonged vector
retention is very likely to be a consequence of specific receptor
binding and internalization of the receptor-ligand complex.
In this pilot study, six disease stabilizations and shrinkage
of a cystic low-grade astrocytoma component were obtained
using this iRPT protocol (Table 1). Patients were evaluated
based on neuroradiological criteria and progression-free survival. In low-grade gliomas, responses appear to directly correlate with a given tumor’s SR status, as calculated by the activity:
dose ratio (MBq/Gy) that can be regarded as a quantitative in
vivo measure for peptide binding. Patients with a ratio ⬎⬎5
MBq/Gy are not very likely to benefit from this approach (Table
1). We observed a trend toward longer progression-free survival
in low-grade glioma patients with an activity:dose-ratio ⬍5.
Whether this ratio really is an independent prognostic factor
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progressively grew within the patient’s right hemisphere was
attacked with a total activity of 2035 MBq, resulting in an
effective dose of 147 ⫾ 30 Gy. In this case, inhomogeneous
tissue composition was proven histologically (glioblastoma with
areas of low-grade oligodendrocytic differentiation). The high
activity:dose ratio of 13.8 MBq/Gy is concordant with lack of
response. The glioblastoma in patient SI (Table 1) was locally
treated with a total activity of 2405 MBq 90Y-labeled
DOTATOC (effective dose, 496 ⫾ 100 Gy), stabilizing the
disease for 10 months. The favorable activity:dose ratio of 4.8
MBq/Gy suggests at least initially the presence of SR in certain
tumor areas, although a resected specimen from the temporal
tumor margin was negative by in vitro autoradiography, most
likely due to a sampling error. This example points to the limits
of in vitro autoradiography with regard to inhomogeneous receptor expression and tissue differentiation in gliomas. The
activity:dose ratio appears to be a more reliable measure for
dose and response estimates.
Tumor Dosimetry. In case TH, dosimetry was established by two independent methods. In the first approach, serial
scintigrams alone were used to obtain a dose estimate, whereas
in the second approach, the integrated activity of the urine over
the first 48 h after intracystic injection was measured, as shown
for a representative example in Fig. 5. The first approach was
adopted for all other patients. The small fraction (⬍10%) of the
activity deposited in the kidneys and in the spleen was taken into
account in both approaches. Given the average ␤ energy of 0.9
MeV release per decay of an 90Y atom and an estimated average
range of 3 mm of tissue, a total dose of ⬃100 Gy was deposited
over a 5-mm thick layer of cyst surface (volume 30 ml, daily
production ⫾ 2ml). The activity:dose ratio in this case was 3.7
MBq/Gy.
Within the first 24 h after locoregional injection, t1/2 eff is
strongly influenced by biodistributive processes. Thereafter,
t1/2 eff is equivalent to t1/2 phys. Secondary reuptake of peptidic
vectors after tissue clearance after intratumoral injection is insignificant, because the amount of reabsorbed peptides is negligible in comparison with the specifically bound vectors following primary injection. Uptakes of around 50% are generally
obtained after intratumoral injection of DOTATOC, which is
about 2 log scales better compared with systemic injection. The
error E in the estimated dose is related to the uncertainty ⌬U in
the uptake as E ⫽ ⌬U/U.
High Activity:Dose Ratio and Disease Progression in
Low-Grade Gliomas. High activity:dose ratios of 12.3 and
22.2, respectively, were obtained in patients BF and NJ, despite
the generally more favorable histology of fibrillary astrocytoma
WHO grade II (Table 1), suggesting low expression of SR-2.
Intratumoral vector distribution was found to be inhomogeneous, the radiopeptide cleared rapidly from the tumor compartment, and receptor autoradiography displayed absence of SR in
the one tumor sample tested (patient NJ, data not shown). The
activity:dose-ratio is an in vivo measure for peptide retention by
stable long-term binding of receptor-positive tissue. Because
dose is calculated by energy/volume, favorable low ratios can
only be obtained if SR-2 distribution throughout the tumor mass
is relatively homogeneous. SR-2 expression can be considered
to be a differentiation marker, and the activity:dose ratio might
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be mandatory to monitor residual tumor during therapy, for
instance by positron emission tomography using the positron
emission tomography-tracer 86Y. For most glioblastomas displaying reduced expression of SR, more specific receptor-ligand
systems need to be developed.
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