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Locally Increased Uptake of Fluorine-18-
Fluorodeoxyglucose After Intracavitary
Administration of Iodine-131-Labeled Antibody for
Primary Brain Tumors
C'hristopher J.C. Marriott, Wade Thorstad, Gamal Akabani, Mark T. Brown, Roger E. McLendon, Michael W. Hanson and

R. Edward Coleman
Department of Nuclear Medicine, London Health Sciences Centre, London, England; and Departments of Radiology and
fiilhology and Division of Neurology, Duke University Medical Center, Durham, North Carolina

After the intracavitary administration of 131l-labeled monoclonal

antibody for treatment of primary brain tumors after surgical resec
tion, a persistent rim of 18F-fluorodeoxyglucose (FDG) accumulation

surrounding the cavity can be observed on PET. This rim, although
it accumulates more FDG than adjacent normal brain tissue, is not
necessarily associated with tumor. In our study, we examine the
characteristics of the rim that indicate persistent tumor and tumor
progression. Methods: Sequential PET studies obtained after treat
ment in 10 patients were reviewed and the results correlated with
dosimetry and post-treatment histologie diagnoses. Results: The
rim of FDG accumulation was seen on the first post-treatment scan
obtained 1-3 mo after therapy and persisted unchanged over the
2-26 mo follow-up period. Pathologically, the nonmalignant rim was
associated with marked increase of macrophage infiltrates. Modu
larity of the rim was associated with tumor. Conclusion: Our study
demonstrates that a rim of FDG accumulation is seen after intracav
itary administration of 131l-labeled monoclonal antibody therapy

independent of the presence of malignant disease. Malignant recur
rence is suggested by the development of new nodularity in the rim
of FDG accumulation.
Key Words: PET; primary brain tumors; iodine-131-monoclonal
antibody; fluorine-18-fluorodeoxyglucose

J NucÃ­Med 1998; 39:1376-1380

Survival of patients with certain brain tumors, particularly
glioblastoma multiforme and anaplastic astrocytoma, has re
mained poor despite aggressive multimodal therapy of conven
tional surgery, antineoplastic chemotherapy and external beam
radiation therapy (/ ). Conventional external beam radiotherapy
is limited to a dose of approximately 60 Gy, using standard
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For correspondence or reprints contact: R. Edward Coleman. MD. Box 3949, Duke

University Medical Center. Durham. NC 27710.

fractionation, because of the effects on normal brain tissue
(2,3). Various methods such as interstitial brachytherapy and
stereotactic radiosurgery have been used to increase the radia
tion dose delivered locally to the tumor (4,5). An additional
12-15 Gy and 50 Gy can be delivered to the tumor with

stereotactic radiosurgery and brachytherapy, respectively (6,7).
An alternate approach is to use a radiolabeled monoclonal

antibody (MAb) reactive with tumor-associated antigen to
target radiation delivery to the tumor site (fi). The tumor
absorbed dose can be increased by administering the radiola
beled MAb directly to tumor sites (i.e., intrathecally, into cystic
tumor cavities or into postoperative cystic resection cavities)
(9). Using intracavitary administration of I31l-labeled MAb,

doses of up to 1000 Gy can be delivered to cavity walls without
hÃ©matologietoxicity.

Morphologic brain imaging using CT or MRI cannot always
differentiate between recurrent or residual tumor and areas of
necrosis after radiation therapy or chemotherapy of primary brain
tumors (10). Low metabolic activity as determined by the absence
of IKF-fluorodeoxyglucose (FDG) uptake on PET in an area of

contrast enhancement on CT or MRI indicates necrosis, whereas
high metabolic activity suggests tumor. On FDG PET scans after
intracavitary MAb treatment, however, we have noted metabolic
activity greater than that found in adjacent normal brain tissue
immediately surrounding the treatment cavity. We denote this
region of uniform thickness along the cavity wall as a rim.
Similarly, on MRI, a thin rim of enhancement surrounding the
treatment cavity is noted. This metabolic activity often appears to
be unrelated to tumor progression. In this context, the differentia
tion between this MAb treatment effect and recurrent or residual
tumor becomes difficult. To evaluate the significance of the
metabolic rim, with respect to its clinical and biologic implications,
we retrospectively analyzed the patterns of metabolic activity
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TABLE 1
Patient Characteristics at Initial Diagnosis

Patient1*2*3*4**5*6*78910Age(yr)37136419305444294228SexMFMFMMMMMFPrevious
external beam radiation Administered activity Administered monoclonal antibody

Histologie tumor type (cGy) (MBq)(mg)Anaplastic

oligodendrogliomaEpendymomaGlioblastoma

multiformeGlioblastoma
multiformeAnaplastic
astrocytomaGlioblastoma
multiformeGlioblastoma
multiformeAnaplastic
astrocytomaGlioblastoma
multiformeAstrocytoma6,000NA6,1206,1206,1404,60000007402,9604,4407403,7002,2205602,2202,960800109.9209.9209.710101010

These patients received prior radiation therapy.
Ã¯Thispatient had two biopsies.
*This patient had two treatments and two biopsies. The second treatment was performed 26 mo after the first.

NA = not available.

surrounding the treatment cavity and correlated the results with
either long-term survival or histopathology.

MATERIALS AND METHODS

Patients
Since 1988 more than 130 patients have received radiolabeled

MAb therapy as part of Phase I/II trials of ml-8lC6, which is a

radiolabeled murine IgG2h MAb that reacts with an epitope of
tenascin, an extracellular matrix antigen present in glioma cell lines
and primary human gliomas. For our study, a subset of patients
who received mI-8lC6 in surgically created cystic cavities that did

not communicate with the cerebrospinal fluid space were studied.
The tumors were demonstrated to be immunohistologically reac
tive with 81C6 before therapy. To be included in the protocol,
patients could not have residual tumor extending more than 1 cm
from the resection cavity, as determined on CT or MRI. Cohorts of
three to six patients were treated with escalating dosages of
131I-labeled MAb. The starting dose was 740 MBq, with 740 MBq

escalation in subsequent cohorts. As part of the protocol, patients
underwent PET and MRI before and after treatment. Unless there
was clear evidence of tumor progression, no additional radiother
apy was allowed in the first 3 mo after MAb treatment and no

additional antineoplastic chemotherapy could be administered for 6
wk. Patients could, however, have received either radiation or
chemotherapy before MAb treatment.

Ten milligrams of '"l-labeled MAb were administered into the

cystic cavity. For administered doses greater than 3700 MBq, 20
mg of MAb were used to decrease the radiation damage to the
protein (// ).

Among the patients treated with intracavitary MAb, eight had
tissue samples of the cavity walls obtained after treatment. These
samples were obtained either by stereotactic biopsy or resection of
suspected tumor. Although stereotactic needle biopsy is limited
with respect to volume sampling, it remains state of the art for
diagnosing focal brain lesions. A longitudinal analysis of sequen
tial PET studies of these eight patients was performed. Two
additional patients who had a metabolic rim and long-term survival
of more than 40 mo were included in the analysis. Patient
characteristics are described in Table 1.

Patients received a bolus injection (5.3 MBq/kg, 0.144
mCi/kg) of FDG in a quiet, dimly lit room. After a 30-min
uptake period, PET was performed using an Advance PET
scanner [General Electric (GE) Medical Systems, Milwaukee,
WI], except for Patients 8 and 10, whose sequential studies were

TABLE 2
Cavity Volume, Dosimetry and MRI Rim Enhancement

Patient Cavity volume(cm3)1

452
593
154T
10105

36
117*
58

189
1010

20Administered

activity
(MBq)7402,9604,4407404,4403,7002,2205602,2202,960800Estimated

dose to the
interface
(cGy)1,6005,00027,9007,00041,900133,40031,30022,80011,70028,7003,800Rim

thickness
(cm)*NA0.30.3020.3NA0.3NA0.30.450.3

"Measured on first MR image obtained after treatment.

tThis patient received two treatments.
*CT was used for cyst volume calculations and follow-up.
Â§Rimthickness decreased slightly to 0.3 mm 8 mo after treatment.

NA = not available.
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TABLE 3
Results of FDG PET Scans and Biopsies

PETfindingsPretreatment

PETfindings"Patient123*4*5678910Rim00000023001Nodule00002300030Firstpost-

treatmentPET

(mo)112221111131Findings"Rim232202223022Nodule000020300000Months

of
post-treatmentstable

PET51710102271344419Months

tobiopsyt13102672613136immediately

before
biopsy*Rim2Unchanged220221002UnchangedNodule0-17

mo00303,

31140,

nocyst23,

311-19

moPost-treatment

histologyReactive,

marked inflammatorycellsGliosis

andnecrosisMarked

macrophageinfiltrateHigh-grade
gliomaExtensive

necrosis and 1-minfocusof

gliomaGBM

and therapeuticeffectGBMHigh-grade

gliomaGBM

and therapeuticeffectNecrosis

and extensive glioma

"Activity is graded. None = 0; < white matter = 1; between white and gray matter = 2; equal to gray matter = 3; > gray matter = 4.

fTime from monoclonal antibody therapy to biopsy.

*This patient had two biopsies.

Â§Thispatient had two treatments and two biopsies.
''Two isolated regions of nodular metabolism noted.

GBM = glioblastoma multiforme.

performed using a GE PC 4096 PET scanner (12). Calculated
attenuation correction was performed, and images were pre
sented in sagittal, coronal and transaxial planes for interpreta
tion.

Sequential PET studies, from before the MAb treatment to the
time of stereotactic biopsy or resection, were interpreted without
the anatomic imaging studies by two experienced nuclear medicine
physicians. The final interpretation was obtained by consensus.
The final study obtained before biopsy was interpreted initially
without knowledge of previously completed studies and again in
temporal sequence compared with previous studies. Because the
interpretation of this PET study was the same in isolation or in
comparison with previous studies, the parameters used to assess the
cystic cavity were judged to be reasonably robust. Several param
eters were used to characterize the pattern of metabolic activity as
reflected by FDG uptake. A rim was present if a thin band of
uniform thickness with FDG uptake greater than adjacent normal
brain tissue was noted along the cavity walls. The FDG uptake in
the rim was graded as 1, if less than that of normal white matter;
2, if between gray and white matter; 3, if equal to gray matter; and
4, if greater than gray matter. Nodular uptake was defined as an
area of increased thickness or uptake in a uniform rim or a focal
area of increased FDG accumulation.

On MRI, a thin persistent rim of enhancement was noted sur
rounding the treatment cavity in every patient included in this
study. The thickness of this rim was measured on multiple MR
scans obtained after treatment. In addition, cavity volume was
estimated from pretreatment MRI images.

Dosimetry
By taking into account the biokinetics of the I3'l-labeled MAb

obtained from whole-body planar imaging in a subset of treatment
patients and the pretreatment cavity volume, the dose delivered to
the cavity wall and immediately surrounding tissue was estimated
assuming a spherical cavity (13).

RESULTS
Of the 10 patients included in this study (Table 1), 6 had a

diagnosis of glioblastoma multiforme, 2 had anaplastic astro-

cytoma, 1 had ependymoma and 1 had astrocytoma. Two
patients underwent biopsy twice after treatment, and one patient
received two treatments. Two to 14 post-treatment PET studies
were obtained for each patient. The initial post-treatment scan
was obtained 1-3 mo after treatment. The administered 13II
activity ranged from 740 to 4400 MBq (20-120 mCi). Cavity

FIGURE 1. Example of the time course of the metabolic rim on FDG PET
scan (Patient 2). (A) Pretreatment study demonstrates no rim. (B) First
post-treatment scan at 1 mo reveals a metabolic rim. (C) Scan obtained at 18

mo shows a metabolic rim that is unchanged from the scan at 1 mo. (D)
Uniform rim of enhancement is noted on MRI 1 mo after therapy.
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FIGURE 2. Example of new nodular metabolism on FDG PET scan consis
tent with recurrent disease (Patient 3). (A) Post-treatment scan at 3 mo
demonstrates a cystic resection cavity. (B) Scan obtained 6 mo after
treatment shows new nodular focus of FDG accumulation (Grade 4). (C) MR
image obtained at 6 mo after treatment shows new contrast-enhancing

lesion at site of abnormal FDG accumulation.

volume, the estimated radiation dose absorbed at the cavity-
brain interface and measured thickness of the MRI-enhancing
rim are given in Table 2.

The sequential PET imaging findings are presented in Table
3. All times are measured with respect to the MAb treatment
date. The duration of the findings on the first post-treatment
scan that was unchanged on subsequent PET studies is reported
as number of months of stable PET. The four patients with
benign changes, either by biopsy results (Patients 1 and 3) or
long-term survival (Patients 2 and 10), had nonmodular hyper-
metabolic rims on post-treatment PET scans (Fig. 1). Seven
biopsies revealed malignant histology, and five of the PET
scans (Patients 4, 5, 6, 8 and 9) had an area of nodular FDG
accumulation at the time of biopsy (Fig. 2).

Two patients (4,7) had malignant histology and no nodular
abnormalities on the PET scan. Patient 7 had recurrence
documented by biopsy. The recurrent tumor was in the region of
the cortical gray matter that was not detected as different from
normal gray matter on the PET scan. Patient 4 received two
MAb treatments and had a focus of nodular hypermetabolism
before resection that proved to be a recurrent glioma. The initial
740-MBq (20-mCi) treatment did not produce a visible rim of
increased FDG uptake. The second 4400-MBq (120-mCi)
treatment did, however, produce a metabolic rim. Results from

the second biopsy demonstrated a very small focus of low-grade
tumor.

DISCUSSION
This study demonstrates that a metabolic rim of activity on

FDG imaging can result from the intracavitary administration of
31l-labeled MAb in patients who have had surgical resection of

primary brain tumors. If a metabolic rim occurs, it is seen on the
first post-treatment scan and persists with little change thereaf
ter. Rozental et al. (14) studied FDG accumulation by PET
scanning in the first week after stereotactic radiotherapy. They
delivered a dose of 105 Gy to the tumor and reported increased
FDG accumulation occurring in the first week after treatment.
Patient 4 in our study received two administered doses of 740
MBq and 4440 MBq. The higher dose produced a metabolic rim-
on the PET scan. In the small number of patients in this study,
there is the suggestion that the development of a metabolic rim
is dose dependent, with higher doses producing a rim of
increased FDG accumulation.

In regions with no tumor progression, the thickness of the
MRI contrast-enhancing rim remained constant after treatment.
Its thickness was between 0.3 and 0.4 cm. A similar 0.6-0.8 cm

enhancing rim has been reported to persist for at least 18 mo
(the duration of post-treatment follow-up) after I25I interstitial

brachytherapy (15-17).
Because increased FDG uptake in a uniform rim does not

accurately predict tumor recurrence, an additional criterion
must be used. Recurrent tumor was found in nodular areas that
demonstrated increased FDG accumulation. Patient 6 (Fig. 2)
presented with a new focus of hypermetabolism, and biopsy
results demonstrated recurrent glioblastoma multiforme.

Histologically, the metabolic rim is associated with an inflam
matory infiltrate that appears to have a relatively increased number
of macrophages and fibroblasts (Figs. 3 and 4). The number of
inflammatory cells in biopsy samples of a metabolic rim is greater
than that usually observed in brain tissue evaluated after trauma
and infarction. Patient 4, who had no metabolic rim after the first
treatment, did not have a markedly increased number of macro
phages demonstrated on the first biopsy, which did document
high-grade glioma. In the presence of a metabolic rim, however,

FIGURES. Histopathology (Patient 1). (A)
Primary resection. Tissue sample from
original resection reveals a neoplasm
characterized by round eosinophilic cells
with hyperchromatic, mitotically active
nuclei of anaplastia oligodendroglioma
(H&E, X680). (B) Secondary resection 1
mo after 131I-81C6 monoclonal antibody

treatment. Tissue sample from second
resection reveals dense infiltrate of mac
rophages ("gitter" cells) characterized by

foamy cytoplasm and round regular nu
clei (H&E, X680).
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FIGURE 4. Histopathology (Patient 3). (A)
Tissue sample from primary resection
reveals highly cellular neoplasm exhibit
ing mitotically active nuclei (arrows) (H&E,
X400). (B) Secondary resection was per
formed 10 mo after 131I-81C6 monoclo
nal antibody treatment. Immunohisto-
chemical stain for HAM56 (macrophage-

related) marker indicates that the vast
majority of cells in this infiltrate are mac
rophages (HAM56, X400).

after the patient's second higher radiation dose treatment, macro

phages were present. This effect appears to be radiation related.
For interstitial therapy, Fike et al. (Â¡8),by implanting nonradio-
active brachytherapy seeds, noted that radiation therapy was
required to increase the number of polymorphonuclear cells and
that the inflammatory response was not simply related to the insult
of seed placement. In addition, the rim is not simply the result of
surgical insult. After temporal lobectomy for treatment of seizure
disorder, no increase in FDG accumulation was noted at the
surgical site (19). Thus, surgery and seed placement alone do not
result in FDG accumulation on the PET scan.

A proposed mechanism for delayed immune response to
radiation is the alteration of proteins by radiation, which then
produce an allergic reaction (20). Radiation can prime micro-
glial cells and astrocytes for tumor necrosis factor (TNF)-alpha
production (27). Because heavy macrophage infiltration of
radiation-damaged brain tissue is associated with areas of
TNF-alpha and interleukin-6 expression, Kureshi et al. (20)
suggest that TNF-alpha may mediate some delayed radiation-
induced changes.

CONCLUSION
This study indicates that a metabolic rim of FDG accumula

tion may occur after 131I-81C6 therapy in tumor cavities. The

presence of a rim may be dose-dependent and is independent of
the presence of malignant disease. Furthermore, the presence of
nodularity is indicative of tumor recurrence.
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