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A B S T R A C T

Purpose
To assess the efficacy and toxicity of intraresection cavity iodine-131–labeled murine antitenascin
monoclonal antibody 81C6 (131I-m81C6) among recurrent malignant brain tumor patients.

Patients and Methods
In this phase II trial, 100 mCi of 131I-m81C6 was injected directly into the surgically created
resection cavity (SCRC) of 43 patients with recurrent malignant glioma (glioblastoma multiforme
[GBM], n � 33; anaplastic astrocytoma [AA], n � 6; anaplastic oligodendroglioma [AO], n � 2;
gliosarcoma [GS], n � 1; and metastatic adenocarcinoma, n � 1) followed by chemotherapy.

Results
With a median follow-up of 172 weeks, 63% and 59% of patients with GBM/GS and AA/AO
tumors were alive at 1 year. Median overall survival for patients with GBM/GS and AA/AO tumors
was 64 and 99 weeks, respectively. Ten patients (23%) developed acute hematologic toxicity. Five
patients (12%) developed acute reversible neurotoxicity. One patient (2%) developed irreversible
neurotoxicity. No patients required reoperation for radionecrosis.

Conclusion
In this single-institution phase II study, administration of 100 mCi of 131I-m81C6 to recurrent
malignant glioma patients followed by chemotherapy is associated with a median survival that is
greater than that of historical controls treated with surgery plus iodine-125 brachytherapy.
Furthermore, toxicity was acceptable. Administration of a fixed millicurie dose resulted in a wide
range of absorbed radiation doses to the SCRC. We are now conducting a phase II trial, approved
by the US Food and Drug Administration, using patient-specific 131I-m81C6 dosing, to deliver 44
Gy to the SCRC followed by standardized chemotherapy. A phase III multicenter trial with
patient-specific dosing is planned.

J Clin Oncol 24:115-122. © 2006 by American Society of Clinical Oncology

INTRODUCTION

Outcome for adults with primary malignant brain
tumors remains unacceptable. Although temozolo-
mide plus radiotherapy has recently been shown to
improve outcome for newly diagnosed glioblastoma
multiforme (GBM) patients,1 tumor progression
occurs within 1 to 2 years in most patients. After
recurrence, outcome is dismal due to ineffective sal-
vage therapies.2 Most tumors recur at or adjacent to
the site of origin indicating that failure to eradicate
local tumor growth is a major factor contributing to
poor outcome.3 For this reason, we have focused on
augmenting local control to improve overall out-

come by administering tumor-associated radiola-
beled monoclonal antibodies (mAbs) directly into
spontaneous tumor cysts, surgically created resec-
tion cavities (SCRCs), the intrathecal space, and
solid tumors.4-7

Tenascin, an extracellular matrix hexabrachion
glycoprotein, is expressed ubiquitously in high-
grade gliomas and in breast, lung, and squamous cell
carcinomas, but not normal brain.8,9 81C6, a mu-
rine immunoglobulin G2b mAb that binds an
epitope within the alternatively spliced fibronectin
type III region of tenascin,9-11 specifically reacts with
tenascin-expressing tumors12 and can delay tumor
growth and induce apparent cures in flank and
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intracranial xenograft models.13-15 Prior phase I studies established
the maximum-tolerated dose (MTD) of iodine-131–labeled murine
81C6 (131I-m81C6) mAb injected into the SCRC of patients with
newly diagnosed and recurrent malignant brain tumors to be 120 and
100 mCi, respectively.5,6 In a subsequent phase II study for newly
diagnosed patients, administration of 120 mCi of 131I-m81C6 fol-
lowed by conventional radiotherapy and chemotherapy achieved me-
dian survivals of 87 and 79 weeks among all patients (n � 33) and
those with GBM (n � 27), respectively. Toxicity was limited to revers-
ible hematologic events in 27% of patients and neurologic deficits in
15% of patients.7 We now report a phase II study using 100 mCi of
131I-m81C6 in adults with recurrent malignant brain tumors.

PATIENTS AND METHODS

Patient Eligibility and Treatment

Eligible patients had a confirmed histologic diagnosis of recurrent supra-
tentorial primary malignant tumor and were candidates for resection. Patients
with tumors that were infratentorial, diffusely infiltrating, multifocal, or that
had intraventricular access or subependymal spread were ineligible. His-
topathologic samples from initial surgery were centrally reviewed at Duke
University Medical Center (DUMC), and underwent immunoreactivity test-
ing for tenascin as previously described.7 Patients were required to be older
than 3 years, have a Karnofsky performance status (KPS) of � 60%, and satisfy
additional, previously described, eligibility requirements.7

Patients underwent a gross total resection (GTR) and placement of a
Rickham reservoir and catheter into the SCRC. Contrast-enhanced magnetic
resonance imaging (MRI) was obtained within 48 hours of resection to con-
firm that residual tumor did not extend more than 1.0 cm beyond the SCRC
margin. Rickham catheter patency and SCRC integrity were confirmed by
injecting technetium-99m (99mTc) –labeled albumin or diethylenetriamine
pentaacetic acid into the Rickham reservoir and obtaining gamma camera
images immediately, then 4 and 24 hours later. Patients with subgaleal or
subarachnoid leakage were not eligible. A baseline [18F]fluorodeoxyglucose
positron emission tomography (FDG PET) scan was obtained postresection.
Before and 30 to 120 days after treatment, patients were tested for circulating
antibodies to m81C6 as previously described.16

Eligible patients received four drops of a saturated solution of potassium
iodine and 75 �g of liothyronine sodium (Cytomel; SmithKline Beecham,
Pittsburgh, PA) daily from 48 hours before to 16 days after 131I-m81C6. The
Rickham reservoir was accessed with a 25-gauge needle using sterile technique
and up to 6 mL of SCRC cyst fluid was removed when possible. A volume of
� 6 mL of 81C6 mAb (20 mg) labeled with 100 mCi of 131I was injected into
the reservoir. The reservoir and catheter were then flushed with the previously
aspirated, sterile SCRC fluid. Patients remained in radiation isolation until the
whole-body retention of 131I was � 30 mCi, as measured by a cross-calibrated
radiation survey meter. Before discharge, a brain MRI was performed and
radionuclide gamma imaging as well as serial blood samples were obtained to
assess the biodistribution of 131I.

The DUMC Investigational Review Board approved this study. Inves-
tigational review board–approved informed consent was obtained from
each patient.

Antibody Production and Labeling

The 81C6, grown in athymic mice ascites, was purified over a Sepharose-
staphylococcal protein-A (Amersham Biosciences Corporation, Piscataway,
NJ) column followed by polyethylenimine ion exchange chromatography. US
Food and Drug Administration manufacturing and testing guidelines for mAb
products were followed for each clinical batch.17 The 81C6 was radiolabeled
using a modified Iodo-Gen procedure (Pierce Chemical Co, Rockford, IL). All
preparations had � 75% immunoreactivity, with � 95% of the label eluting as
immunoglobulin G on high-pressure liquid chromatography and precipitat-
ing with trichloroacetic acid.

Pharmacokinetics and Dosimetry

Absorbed dose calculations for the SCRC, whole body, and bone marrow
were performed using a serial, two-compartment system to model 131I-m81C6
pharmacokinetics, where the SCRC and the whole body (not including the
SCRC) were assumed to be the first and second compartments, respectively.18

Postoperative MRI images (2-mm-thick slices, noninterleaved, 0-mm spac-
ing) were used to generate a three-dimensional reconstruction of the head and
SCRC (VoxelView 2.5.4; Vital Images, St Paul, MN). The calculated SCRC
volume was used to estimate the initial SCRC activity, where a uniform activity
concentration was assumed. Depth-dose calculations of the SCRC interface,
2-cm-thick margin, and normal brain were then performed.18

Toxicity and Response Determinations

After 131I-m81C6, patients were monitored continually with initial
follow-up within 1 month of treatment and CBCs were monitored weekly for
8 weeks. Adjuvant chemotherapy was prescribed for 1 year beginning approx-
imately 4 weeks after 131I-m81C6. Because of variability in chemotherapy
regimens administered before study enrollment, chemotherapy after
131I-m81C6 was prescribed on an individualized, best clinical management
basis using standard dosing schedules of conventional salvage chemothera-
peutics such as temozolomide, lomustine, irinotecan, and etoposide. Patients
were re-evaluated before chemotherapy was initiated and every 8 to 12 weeks
during chemotherapy. Evaluations continued every 3 months for year 1, every
4 months for year 2, and biannually thereafter. At each evaluation, a complete
physical examination, KPS rating, CBC, biochemical profile, and contrast MRI
were performed. FDG PET scans were obtained as clinically indicated. Thyroid
function was assessed within 1 to 2 months of 131I-m81C6 and every 6 to 12
months thereafter. Human antimouse antibody (HAMA) titers were mea-
sured within 6 months of 131I-m81C6.

National Cancer Institute Common Toxicity Criteria, version 2.0 (Be-
thesda, MD), were used to score toxicity. Although seizures were recorded,
they were not considered an indication of neurotoxicity because of their
expected frequency in this disease setting. The precise etiology of neurotoxicity
following 131I-m81C6 was difficult to define because neither clinical features
nor radiographic findings reliably distinguished recurrent tumor from
treatment-induced necrosis. Although stereotactic biopsy is limited by volume
sampling, it remains the definitive diagnostic tool of focal brain lesions. There-
fore, the etiology of observed neurotoxicity was based on stereotactic biopsy
whenever possible.

Progressive disease was defined by more than 25% increase in the en-
hancing tumor cross-sectional area or radiographically new lesions that were
also hypermetabolic on FDG PET scan; clinical deterioration and a more than
25% increase in enhancing tumor or radiographically new lesions; or biopsy-
proven recurrent tumor.

Statistical Analysis

In this single-stage phase II study of recurrent malignant brain tumor
patients, 1-year survival after 131I-m81C6 was the primary end point. Our
design provided 90% power at the .1 significance level to detect a 1-year
survival of 40% to 60%, based on outcome achieved among recurrent GBM
patients treated with iodine-125 (125I) brachytherapy.19

The method of Kaplan and Meier20 was used to estimate survival distri-
butions measured from 131I-m81C6 administration to death or last contact.
Subgroup differences in survival were assessed with log-rank tests.21 The Cox
proportional hazards model22 was also used to investigate various prognostic
factors, including age (� 50 v � 50 years), KPS (� 90 v � 90), SCRC volume
(� 14 v � 14 cm3), and SCRC dose (� 40 v 40 to 48 v � 48 Gy). Logistic
regression was used to examine the effect of cavity size as well as 131I-m81C6
absorbed doses to the 2-cm SCRC interface on toxicity.

RESULTS

Patient Characteristics

The study population included 43 patients treated at DUMC
between October 1996 and October 2003 (Table 1). Approximately
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5% of screened patients were excluded because of subgaleal leakage on
the postoperative flow study. This problem appeared to relate to
SCRC proximity to the ventricular system rather than SCRC size.

Forty-one patients received 100 mCi of 131I conjugated to 20 mg
of 81C6 mAb. Two patients had SCRC volumes less than 5 mL and
received a proportionally decreased dose of 131I-m81C6 (67 and 75
mCi, respectively). After 131I-m81C6, 25 patients (58%) received sys-
temic chemotherapy. Three patients, who had not received external-
beam radiotherapy (XRT) before 131I-m81C6, underwent XRT after
131I-m81C6. Five patients remain alive and 38 have died.

HAMA

HAMA immunoassays, obtained on 34 patients within 2 to 26.1
weeks of treatment, were positive in 27 of 34 patients (79%; Table 2).
No observed toxicity was related to HAMA reactivity.

Dosimetry Results

Although a separate manuscript describing dosimetry findings of
this study is in preparation, Table 3 provides an overview of the
dosimetry results per patient. As previously demonstrated,6 131I-
m81C6 retention in the SCRC and in the whole body varied signifi-
cantly although the average absorbed dose to the 2-cm-thick cavity
interface was 46 Gy (range, 18 to 186 Gy).

Toxicity

Toxicity was limited primarily to reversible hematologic and
neurologic events (Table 4). Grade 3 or 4 hematologic toxicity devel-

oped within 8 weeks of 131I-m81C6 in 10 patients (23%) and resolved
in all but one patient within a median of 25 days (range, 5 to 76 days).
Six patients received platelet transfusions and two patients received
granulocyte colony stimulating factor support. One patient with avail-
able, stored, autologous peripheral-blood stem cells received a
peripheral-blood stem cell reinfusion with full hematologic recovery.
One heavily pretreated patient, who developed grade 4 thrombocyto-
penia, was noncompliant with follow-up. Acute hematologic toxicity

Table 1. Patient Characteristics

Characteristic No. %

Age, years
Median 54
Range 26-77

Male 27 63
Histology

GBM 33 77
AA 6 14
AO 2 5
Gliosarcoma 1 2
Metastatic adenocarcinoma 1 2

KPS (%)
100 11 26
90 16 37
80 12 28
70 4 9

Therapy prior to 131I-81C6
XRT 40 93
Chemotherapy 23 53

No. of prior recurrences
1 37 86
2 6 14

Time from diagnosis to enrollment, months
Median 5.9
Range 1.5-55.6

Therapy after 131I-81C6
XRT 3 7
Chemotherapy 25 58
None 15 35

Abbreviations: GBM, glioblastoma multiforme; AA, anaplastic astrocytoma;
AO, anaplastic oligodendroglioma; KPS, Karnofsky performance status; 131I,
iodine-131; XRT, external-beam radiotherapy.

Table 2. Peak Human Antimouse Titers in Patients After 131I-m81C6 Therapy

Patient
Time From 131I-m81C6
Administration (weeks)

Highest
Titer v m81C6

1 17.9 1:16
2 4.1 1:32
3 13.1 1:16
4 16.6 1:128
5 4.3 1:64
6 14.9 1:32
7 5.6 Negative
8 5.4 1:128
9 9.9 1:8

10 20.1 1:64
11 4.9 1:128
12 4.7 1:4
13 11.9 1:128
14 4.0 Negative
15 9.1 1:8
16 9.3 Negative
17 3.9 Negative
18 4.4 1:128
19 2.0 Negative
20 9.9 1:64
21 4.0 1:4
22 4.4 1:32
23 4.6 1:16
24 12.6 1:4
25 14.7 1:16
26 4.0 1:2
27 2.6 1:128
28 15.6 1:64
29 17.1 1:128
30 3.9 Negative
31 4.4 Negative
32 8.7 1:16
33 26.1 1:64
34� 4.4 1:5,120
35 Not done —
36 Not done —
37 Not done —
38 Not done —
39 Not done —
40 Not done —
41 Not done —
42 Not done —
43 Not done —

Abbreviations: 131I, iodine-131; m81C6, murine antitenascin monoclonal
antibody 81C6.

�Patient 34 initially received 131I-m81C6 as a newly diagnosed patient
approximately 6 months prior to re-treatment with 131I-m81C6 at recurrence;
data presented represent the titer measurement after re-treatment with
131I-m81C6 after recurrence.
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did not correlate with either prior chemotherapy administration or
radiation exposures to the whole body or SCRC (Table 3).

Five patients (12%) developed grade 3 neurotoxicity within 4
months of 131I-m81C6, including two patients with headache, one
patient with aphasia, and two patients with weakness. These events
resolved completely either spontaneously or with corticosteroids. One
patient with pre-existing grade 2 hemiparesis worsened to grade 3
weakness within 2 weeks of 131I-m81C6 and did not improve despite
corticosteroid and hyperbaric oxygen therapies. There were no grade 4

neurologic events. All other neurologic events were attributable to
tumor progression.

Additional significant toxicities included thrombosis (grade 3,
n � 5 [12%]; grade 4, n � 4 [9%]), wound infection (grade 3, n � 5
[12%]), and hypothyroidism (grade 2, n � 2 [5%]).

Biopsies and Reoperation

Nineteen (44%) patients underwent surgical procedures after
131I-m81C6, including 15 stereotactic biopsies and four craniotomies.

Table 3. Dosimetry Results per Patient

No. Histology Dose

No. of Prior
Chemotherapy

Agents

Cavity
Size
(cm3)

Cavity
Dose
(Gy)

WB
Dose
(Gy)

Cavity Residence
Time (hours)

WB Residence
Time (hours)

Hematologic
Toxicity

Neurologic
Toxicity

Biopsy or
Resection

After
131I-m81C6

1 GBM 100 0 19.9 30 0.30 78 25 No No None
2 GBM 100 3 8.8 43 0.32 70 30 No No Tumor
3 GBM 100 1 14.0 36 0.40 75 40 No No None
4 GBM 100 1 15.0 35 0.43 73 45 No No None
5 GBM 100 1 6.0 49 0.49 66 55 No Yes None
6 AA 100 0 10.0 41 0.30 75 25 No Yes None
7 GBM 100 0 20.0 31 0.47 76 50 No No None
8 GBM 100 0 8.4 74 0.31 134 13 Yes No Tumor
9 GS 100 1 12.2 26 0.30 54 30 Yes No Tumor

10 GBM 100 4 14.1 46 0.60 103 52 No No Tumor
11 GBM 100 1 12.2 43 0.29 90 21 Yes No Gliosis
12 Metastatic

adenocarcinoma
100 0 17.0 30 0.34 73 32 No No None

13 AA 100 0 1.8 81 0.79 81 89 Yes No Tumor
14 GBM 100 3 4.7 110 0.47 161 24 No No Gliosis
15 GBM 100 2 16.1 32 0.52 75 55 No No None
16 GBM 101 0 9.9 44 0.31 84 24 No No Tumor
17 AA 103 3 6.0 43 0.29 67 28 Yes No None
18 GBM 100 0 20.0 25 0.30 65 26 No No None
19 AA 100 3 39.3 18 0.28 62 26 No No Tumor
20 GBM 100 5 15.8 36 0.33 84 23 Yes No None
21 GBM 100 1 56.7 20 0.29 83 22 No No None
22 GBM 100 0 6.7 42 0.28 70 24 No No None
23 AA 100 1 47.3 21 0.33 80 29 No No None
24 GBM 100 0 42.1 25 0.27 90 21 No No Tumor
25 GBM 100 0 5.4 43 0.31 66 29 Yes No None
26 GBM 100 1 14.8 31 0.34 72 35 Yes Yes Gliosis
27 GBM 100 1 26.5 25 0.45 72 49 No No Gliosis
28 GBM 100 1 15.0 42 0.39 97 43 No No None
29 AO 100 0 65.4 29 0.47 129 43 No No Tumor
30 AA 100 2 10.0 68 0.33 132 33 No No Tumor
31 GBM 100 0 4.2 186 0.63 258 42 No No None
32 GBM 100 0 18.8 51 0.48 130 34 No No Gliosis
33 GBM 100 1 8.2 58 0.40 34 30 No No None
34 GBM 100 0 10.3 56 0.44 110 39 No No None
35 GBM 67 0 5.0 67 0.47 150 36 Yes No None
36 GBM 100 0 18.8 33 0.37 85 31 No No None
37 GBM 100 0 11.5 44 0.51 90 45 No No None
38 GBM 100 0 9.2 60 0.47 112 48 No No Tumor
39 GBM 100 0 14.1 66 0.43 148 30 No No Tumor
40 AO 100 1 11.5 41 0.49 85 48 No No Tumor
41 GBM 100 1 21.0 46 0.46 120 33 No No None
42 GBM 75 1 15.1 45 0.45 140 31 No Yes Gliosis
43 GBM 100 1 9.0 26 0.43 48 49 Yes Yes None

Median 100 1 14.0 42 40 83 32
Range 67-100 0-5 18-186 27-79 34-258 13-89

Abbreviations: WB, whole body; GBM, glioblastoma multiforme; AA, anaplastic astrocytoma; GS, gliosarcoma; AO, anaplastic oligodendroglioma; 131I, iodine-131.
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Six biopsies (40%) showed gliosis and necrosis, and nine biopsies
(60%) demonstrated recurrent tumor. Recurrent tumor was docu-
mented in the four patients who underwent repeat craniotomy.

Response/Survival Data

With a median follow-up of 172 weeks, five patients (12%) are
alive, including three (37.5%) with anaplastic astrocytoma/anaplastic
oligodendroglioma (AA/AO) (median follow-up, 161 weeks) and two
(6%) with GBM/gliosarcoma (GS; 100.3- and 123-week follow-up,
respectively). Median overall survival (OS) for all patients, those with
GBM/GS, and those with AA/AO, was 68.6 weeks (95% CI, 38.8 to
98.0 weeks), 63.9 weeks (95% CI, 38.8 to 90.0 weeks), and 98.6 weeks
(95% CI, 27.8 to infinity), respectively (P for GBM/GS v AA/AO� .11;
Fig 1). One-year survival probability for all patients, those with
GBM/GS and those with AA/AO was 60% (95% CI, 46 to 76), 59%
(95% CI, 44 to 78), and 63% (95% CI, 37 to 100), respectively.

Kaplan and Meier curves were generated for each variable (age,
KPS, SCRC size, and SCRC dose) subgroup. None of the variables had
a significant relationship with patient survival (Table 5), although this
analysis was limited by our sample size. Established prognostic vari-
ables, including age younger than 50 years and KPS more than 90%,
trended toward significance. Similarly, median OS was two-fold
higher among patients who received a 40- to 48-Gy SCRC dose com-
pared with those who received less than 40 Gy.

Progressive disease occurred at the primary tumor site in all
patients except two patients with contralateral hemisphere progres-
sion; one patient with progression in a noncontiguous, isolateral site;
and the patient with metastatic adenocarcinoma who experienced
disease progression at both the original brain site and leptomeninges.

DISCUSSION

The primary objective of the current phase II study was to assess the
impact on survival of 100 mCi of 131I-m81C6 administered into the
SCRC of recurrent malignant brain tumor patients. A secondary ob-
jective was to assess further the feasibility and toxicity of this approach
among such patients. Patients were previously treated with XRT
(93%) and/or chemotherapy (51%). After 131I-m81C6, most patients
received systemic chemotherapy (58%); however, 35% received no
additional therapy. Median OS was 64 and 99 weeks for recurrent
GBM/GS (n�34) and AA/AO (n�8) patients, respectively, and 60%
of all patients were alive at 1 year.

We demonstrated previously that 131I-m81C6 administered into
the SCRC of newly diagnosed malignant glioma patients is well toler-
ated in a phase I study that established the 131I-m81C6 MTD to be 120
mCi. Delayed neurologic toxicity was dose limiting, and the only
significant non-neurologic toxicity was hematologic, consisting of
grade 3 or grade 4 events in 12% and 2.5% of patients, respectively.6

Despite the dose-escalation design, the median OS for all patients and
those with GBM was 79 and 69 weeks, respectively. In a follow-up
phase II study in which newly diagnosed malignant glioma patients
received 120 mCi of 131I-m81C6 followed by conventional XRT and
systemic chemotherapy, the median OS was 89 and 79 weeks for all
patients and those with GBM, respectively.7 Only two patients (2.7%)
combined from our phase I and II trials required debulking resection
for radionecrosis.

Similarly, we established the 131I-m81C6 MTD of among recur-
rent malignant brain tumor patients to be 100 mCi in a prior phase I
study. Dose-limiting toxicity was neurologic. The median survival for
all patients (n � 34) and those with recurrent GBM (n � 26) was 60
and 56 weeks, respectively.5

This study confirms that 100 mCi of 131I-m81C6 administered
into the SCRC is well tolerated among recurrent malignant glioma
patients. Acute, primarily reversible, hematologic toxicity was the
most common significant adverse event (23% of patients). Acute

Table 4. Frequency and Type of Grade 3 or Greater Toxicity

Type

Grade 3 Grade 4

Grade 5

All

No. % No. % No. %

Hematologic (all types) 4 9 6 14 0 10 23
Neutropenia 3 7 3 7 0 6 14
Thrombocytopenia 3 7 6 14 0 9 21
Anemia 1 2 0 0 1 2

Neurologic 6 14 0 0 6 14
Reversible 5 12 0 0 5 12
Irreversible 1 2 0 0 1 2

Thrombosis 5 12 4 9 0 9 21
Wound infection 5 12 0 0 5 12

Fig 1. Kaplan-Meier overall survival estimates for all patients after stratification
by histology. GBM, glioblastoma multiforme; GS, gliosarcoma.
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