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Treatment of low-grade oligodendroglial
tumors without radiotherapy

Yoshinori Higuchi, MD; Yasuo Iwadate, MD; and Akira Yamaura, MD

Abstract—The authors prospectively treated 18 consecutive patients with low-grade oligodendroglial tumors without
postoperative radiotherapy. The treatment strategy was as follows: follow-up after total resection and chemotherapy after
subtotal resection or biopsy. All patients were alive and 17 patients (94%) were progression-free after a median follow-up
of 4.7 years. The results suggested that radiotherapy could be postponed until clinical progression in the treatment of

low-grade oligodendroglial tumors.
NEUROLOGY 2004;63:2384-2386

Oligodendroglioma is a rare intracranial tumor,
which is conventionally treated with surgery with
postoperative radiotherapy or follow-up.! Although
many retrospective studies suggest that postopera-
tive radiotherapy for oligodendrogliomas has some
benefit,>® the efficacy of radiotherapy is still unset-
tled. Radiation-induced toxicities, including demen-
tia and radiation necrosis in particular, may occur in
long-term survivors.

It has been recently reported that oligodendroglio-
mas including low-grade tumors respond to chemo-
therapy.® Since low-grade oligodendrogliomas can be
indolent for years, some researchers recommend
starting chemotherapy first to postpone radiotherapy
until clinical progression.! In the present study, we
prospectively treated patients with low-grade oligo-
dendroglial tumors without radiotherapy. As a rule,
chemotherapy was used to treat the incompletely re-
sected tumors. We estimated the outcome of the pa-
tients as compared with the published reports, and
discussed the necessity of radiotherapy for patients
with low-grade oligodendroglial tumors.

Methods. Since 1995, we have treated patients with oligoden-
droglial tumors without postoperative radiotherapy according to
the following protocol: follow-up after total resection and chemo-
therapy (ACNU 75 mg/m? for day 1, vincristine 1 mg/m? for days 8
and 29, procarbazine 100 mg/day for days 8 to 21; four cycles a
year for 2 years) after subtotal/partial resection. In this study, the
outcome of the patients was evaluated. The primary endpoints of
our study were progression-free survival time and overall survival
time. Patients were enrolled in this study if their tumors had been
histologically confirmed as newly diagnosed low-grade oligoden-
droglioma or oligoastrocytoma. The patients were required to pro-
vide informed consent. The age, sex, original pathologic diagnosis,
initial symptom, tumor location, imaging findings, and extent of
resection were recorded. A minimum of 1 year of clinical follow-up
information was required. The date of diagnosis was the date of
initial surgery in 11 patients. Héwever, in 7 patients abnormal
imaging findings consistent with low-grade brain tumors were
documented more than 1 year before obtaining pathologic mate-
rial. In these patients, the initial imaging date was used as the
date of diagnosis; and subsequently the diagnosis was pathologi-
cally confirmed as oligodendroglial tumor. The median interval

from onset of symptoms to tissue diagnosis was 6 years for the
seven patients. Tumor progression was defined as a change in the
radiographic characteristics such as increased tumor size or new
enhancement with or without clinical worsening. The progression-
free and overall survival distributions were estimated using
Kaplan-Meier methodology.

Results. Eighteen patients were treated and followed up
for a median period of 4.7 years. There was no patient who
was excluded from the analysis because of early recurrence
within 1 year. Fifteen patients had oligodendrogliomas
(grade 2) and three had oligoastrocytoma (grade 2). There
were 13 men and 5 women. The tumors were frontal in
eight patients, multilobular in four, temporal in five, and
parietal in one. The patients’ characteristics are summa-
rized in table 1.

The initial presenting symptom was seizure in 7 (39%),
headache in 4 (22%), memory disturbance in 2 (11%), and
other neurologic deficits in 4. During this study, seizures
developed in a total of 10 patients (56%). MRI and CT
were obtained in all patients. Contrast enhancement
was noted in 9 patients (50%). Calcification was noted in
10 patients (56%).

Pive patients (27.8%) underwent total resection (postop-
erative MRI ensured tumor-free margin), and eight pa-
tients (44.4%) underwent subtotal tumor resection. Biopsy
was carried out for five patients (27.8%) to avoid severe
neurologic deficits after resection. No patient received
radiotherapy.

Twelve patients received the chemotherapy immedi-
ately following the surgical resection. Although the pa-
tients who underwent biopsy or subtotal tumor removal
were essentially candidates for adjuvant chemotherapy,
one patient refused receiving chemotherapy after subtotal
tumor removal. We estimated the tumor response to che-
motherapy using MRI after the chemotherapy. We classi-
fied the response into three categories as follows: 1)
responder, more than 50% reduction in volume; 2) nonre-
sponder, more than 25% increment in volume; 3) no
change, all other situations. Among the 12 tumors treated
with chemotherapy, 7 (58.3%) including 2 oligoastrocyto-
mas were responders and the other 5 cases were catego-
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Table 1 Patient characteristics

Characteristics Values
n 18
M:F 13:5
Age at diagnosis, y, mean (range) 45.8 (9-69)
Age at operation, y, mean (range) 48.3 (23-69)
Follow-up period, y, median (range) 4.65 (1.0-15.6)
Tumor site
Frontal 8
Temporal 5
Multilobular 4
Parietal 1

rized as no change. The chemotherapy was well tolerated.
Although the primary toxicity experienced by patients dur-
ing the chemotherapy was myelosuppression, grade 3 or 4
leukopenia that mandated treatment delay occurred only
in two patients (11%).

All the patients were alive and did not have uncon-
trolled tumor progression (figure, A). Recurrence occurred
in one patient with oligodendroglioma (5.6%) that had
been completely resected, and the time for tumor progres-
sion was 2.5 years (figure, B). This patient had not re-
ceived chemotherapy immediately after surgical resection.
The recurrent tumor shrank after chemotherapy and was
well controlled.

Discussion. We demonstrated that 94% of oligo-

dendroglial tumors could be controlled without radio-
therapy during a median follow-up of 4.7 years in
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Figure. Kaplan-Meier curve shows overall (A) and pro-
gression free survival (B) of 18 patients. Tick mark indi-
cates last follow-up.

Table 2 Five-year survival rates of patients with oligodendroglial
tumor in previous reports

5-year survival rate, %

Reference n With RT Without RT
2 170 36 27
3 81 46 (<50 Gy) 63
61 (>50 Gy)
4 137 70 45
5 52 89 63

RT = radiotherapy.

our series. Although this follow-up period is not
enough to give a definite conclusion, the 5-year sur-
vival rate in our study was favorable as compared
with those in the previous reports®® (table 2). It was
suggested that radiotherapy could be postponed
when tumor recurrence or progression occurred fol-
lowing surgical resection and chemotherapy. Large-
scale clinical follow-up is required for determining
the role of adjuvant radiotherapy in control of oligo-
dendroglial tumors.

Although many authors have suggested some ben-
efit of radiotherapy in the treatment of oligo-
dendrogliomas,'® all those studies are retrospective.
There are two prospective randomized studies on
low-dose and high-dose fractionated radiotherapy for
low-grade gliomas.”® The authors demonstrated that
the survival was significantly better in the patients
with oligodendroglioma and oligodendroglioma-
dominant histology, and that the low-dose radiother-
apy is as effective as the high-dose for low-grade
gliomas. The efficacy of early postoperative radio-
therapy for patients with low-grade gliomas was also
investigated.® The authors reported that early post-
operative conventional radiotherapy improved the
time to tumor progression, but not overall survival.
Thus, the efficacy of early postoperative radiother-
apy for oligodendrogliomas has not been established.

Patients with oligodendroglioma need care for
radiation-related complications because they are rel-
atively long survivors as compared with those with
high-grade gliomas. It was reported that high fre-
quency of radiation-induced toxicity, such as radia-
tion necrosis and cognitive dysfunction, follows
radiotherapy.! Since low-grade tumors can be indo-
lent for years, the risk-benefit relationship of radio-
therapy needs to be considered.

It has been demonstrated that anaplastic oligo-
dendroglioma may be remarkably chemosensitive
when associated with allelic loss of 1p/19q.*° The mo-
lecular genetic analysis would be helpful to deter-
mine the therapeutic strategy especially for tumors
with anaplastic components. Our results suggest
that surgical resection and chemotherapy for resid-
ual tumors are generally enough for the initial treat-
ment of low-grade oligodendrogliomas. It would be
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process. As the scar matures, the continuous vascular regression
may eventuallly transform the richly vascularized granulation tissue
into a pale and avascular scar. Thus, the neomembrane of the fibrous
capsule may not be seen if the time for vascular regression is long
enough. In general, the capsules of chronic ICHs were commonly
shown as ring enhancement after contrast medium injection,'?” but
only faint enhancement was seen in our case. This may be attributed
to vascular regression in the neomembrane.

How did the fibrous capsule undergo calcification and ossifi-
cation? Based on the encephalomalacia changes in brain tissue ad-
jacent to the haematoma, the patient might have suffered a severe
brain trauma which caused progressive cell death and necrosis.
Heterotopic bone formation tends to occur in necrotic tissue. The
calcification of dead and necrotic tissue is frequently encountered
and known as dystrophic calcification.'* The membrane phospho-
lipids of necrotic tissue, collagen fibrils or denatured proteins have
been proven to be the centre for initiation of calcification.'*!
Through the model of membrane-facilitated calcification,’® the
necrotic tissue around the hematoma underwent dystrophic calci-
fication. Similar calcification phenomena could be found in chronic
epidural and subdural haematomas.'®!""'® The hematoma of the
present case was a mixture of necrotic debris, cholesterol cleft,
haemosiderin and sand-like calcification. The unabsorbed haema-
toma may be decomposed and degradation of red blood cells (RBCs)
and white blood cells (WBCs) may occur over time causing depo-
sition of haemosiderin and cholesterol, the latter being a component
of cell membranes. The cholesterol cleft, haemosiderin and sand-
like calcification of the semiliquid contents may be the result of
insufficient degradation or clearance of RBCs, lipids and minerals.

The calcified chronic ICH in the present case was originally
considered to be an extra-axial lesion. However, a thin layer of
brain cortex covering over the lesion could be detected on the
brain MRI (Fig. 1B). This was verified during surgery. The pre-
sentation of the intra-axial lesion as an extra-axial one on brain
MRI] may be atiributed to the encephalomalacia changes in the
surrounding brain tissue, which caused widening of the sub-
arachnoid space. Comparing the MR images and skull plain film
with the resected specimen, the upper and major portion of the
mass showing intermediate signal intensity on TIWI and low
signal intensity relative to the gray matter on T2WI was a mixture
of necrotic debris, cholesterol cleft, haemosiderin and sand-like
calcification (Figs. 1B and C and Fig. 2). The middle part of the
fesion demonstrated tow signal intensity on T1WI and high signal
intensity on the T2WI, indicative of water contents (Figs. 1B and
C and Fig. 2). The calcification, shown on the peripheral and
lower portions of the mass in the skull plain film, appeared as high
signal intensity on TIWI and T2WI (Fig. 1B-D and Fig. 2). The
image characteristics are compatible with the gross appearance of
the lesion and have not been reported previously.

In conclusion, in the present case, head injury or occult vas-
cular malformation may be the cause of the initial intracerebral
haemorrhage, and repeated haemorrhages from the fragile vessels
of the neomembrane may have played a role in the expansion of
the ICH. The neomembrane vessels may regress after a long pe-
riod such as over the 28 years in our case. Calcification and os-
sification of the capsule were produced through the process of
dystrophic calcification. It is recommended that in patients with

~encapsulated ICH, that the removed lesion and the adjacent brain
tissue should be thoroughly examined to rule out the presence of
any vascular malformation.
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A rare case of metastatic
renal cell carcinoma
resembling a nerve sheath
tumor of the cauda equina
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Summary We present a rare case of solitary metastasis to the
cauda equina from the kidney. The patient was a 68-year-old man
with a two-year history of low back pain. His past medical history
revealed a renal cell carcinoma diagnosed seven years earlier. His
lumbosacral MR imaging showed a well-demarcated, intradural ex-
tramedullary mass at the L3 level. He underwent an 1.2-4 laminec-
tomy. The operative findings of the tumor quite resembled that of a
nerve sheath tumor. It did not infiltrate into the subarachnoid space
and involved only one spinal nerve. Pathology of the tumor was a
metastasis of the renal cell carcinoma. Only 10 cases with such a
metastasis to the cauda equina have been reported in the English
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literature. We added the 11th and reviewed the literature with ref-
erence to tumor pathologies, clinical findings and route of metastasis
to the cauda equina.
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INTRODUCTION

The majorities of cauda equina tumors are of glial or nerve sheath
origin,75 and metastases from outside the central nervous
system are extremely rare. We present a case of solitary metastasis
to the cauda equina. His past medical history included renal cell
carcinoma; nevertheless, the radiographic and the operative
findings suggested a nerve sheath tumor. To our knowledge, only
10 cases with metastatic tumor of the cauda equina from outside
the central nervous system have been reported in detail in the
English literature.! 24681214 The literature is reviewed with ref-
erence to tumor pathologies, clinical findings and route of
metastasis to the cauda equina.

CASE REPORT

A 68-year-old male had a two-year history of low back pain,
which worsened in recumbency or at sneezing and became pro-
gressively severe. His medical history revealed a renal cell car-
cinoma diagnosed seven years earlier and treated by a right
nephrectomy. He had then three times undergone partial pneu-
monectomies for metastatic lung tumors from the primary lesion
five years (left S1+2 resection), three years (right $2 resection)
and one year (left S6 resection) prior to admission. On admission,
he complained of low back pain projecting into the right L5 re-
gion. He had full muscle strength and intact sensation as to light
touch, pinprick, and joint position sense. Deep tendon reflex
showed no laterality. Straight leg raising test was limited on the
right side. Plain X-ray films showed no abunormality. Lumbosacral
MR imaging revealed an intradural extramedullary mass measured
2.5 em craniocaudally by 1.3 cm anteroposteriorly at the L3 level
(Fig. 1). The mass was well demarcated and demonstrated ho-
mogencous enhancement. Abdominal MR images and radioiso-
tope images revealed no tumor recurrence of the primary lesion
and no tumor invasion to the intrapelvic or paraspinal organs.

He underwent an L2-4 laminectomy. Dural opening revealed
an ocher-color ovarian-shape tumor. The tumor was elastic hard,
well demarcated and did not infiltrate into the subarachnoid space.
It invalved only one spinal nerve that fanned out over the surface
of the tumor. We resected the nerve proximal and distal to the
tumor and could remove the tumor easily (Fig. 2). Pathology of
the tumor was a metastatic renal cell carcinoma (Fig. 3). His
postoperative course was excellent. He noticed a complete relief
of radicular pain and left hospital on the twelfth postoperative day
without neurological deficits. No recurrence was observed with a
follow-up period of two years after surgery.

© 2003 Eisevier Ltd. All rights reserved.
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Fig. 1 Lumbosacral MR imaging (heavy T2 weighted image in sagittal plane)
showing an intradural extramedullary mass located at L3 level.

Fig. 2 An operative view showing well demarcated tumor. The tumor did not
infiltrate into the subarachnoid space and involved only one spinal nerve. It
could be easily removed after resecting the nerve.

Fig. 3 Photograph showing the interface between the tumor and nerve
root. Tightly packed clear ceils are typical for renai cell carcinoma.

DISCUSSION

Spinal metastasis occurs in 10-60% of all carcinomas. However,
intradural spinal metastasis is less common and represents only

Journal of Clinical Neuroscience (2004) 11(5)
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0-6% of all spinal metastases,! Ependymomas and neurinomas are
dominant around the cauda equina.* Metastatic tumor from outside
the central nervous system in this region is very rare and, to our
knowledge, only 11 cases including the present case (eight males,
three females) have been reported in detail in the English litera-
ture,' 24081214 The ages of the patients averaged 59.3 years (44-84
years). Wippold et al.” reported that the mean age of the patients
with neurinoma was 49.7 years and that with ependymoma was
38.3 years. Metastatic cauda equina tumors seem to appear later in
life than neurinoma and ependymoma of this region.

The pathologies and primary lesions of the metastases to the
cauda equina were adenocarcinoma*!®!! (one case from prostate,
one case from ovarium, one case from endometrium), renal cell
carcinoma®®™ (four cases including the present case from kid-
ney), squamous cell carcinoma' (one case from anus), undiffer-
entiated carcinoma’? (1 case from lung), nasopharyngeal
carcinoma'?> (one case), and Iymphosarcoma’ (one case from
mediastinum). These tumors metastasized to the cauda equina
three to six years (mean 4.6 years) after surgery of the primary
lesions. According to the Stark’s series'® with 131 metastatic
spinal tumors, the lung (43 cases) and breast (37 cases) were the
most common primary lesion sites, whereas metastases from the
kidney occurred in only four cases. The kidney, however, seemed
to be relatively a common primary lesion site of metastasis to the
cauda equina. In four out of 11 cases, renal cell carcinomas were
the primary malignancy. The prevalence of brain metastasis ran-
ges from the kidney 5.7-9.7% in autopsy studies and 3.0-32% in
clinical studies.!*

The symptoms of cauda equina lesions are known to be non-
specific.’® Low back pain was the most common symptom,
followed by sciatic pain, sensory disturbance, motor weakness,
and bladder dysfunction.*>™% Of 11 patients with metastatic tu-
mors, four showed only low back pain with or without sciatica,
and the remainder complained of multiple neurological symptoms.
A remarkable feature of the clinical course of primary cauda
equina lesions was the longstanding preoperative history with a
mean time of years.” The preoperative histories of the metastatic
tumors varied from two to 36 months (mean 12.6 months). Met-
astatic tumors seem to evolve symptoms more rapidly than pri-
mary cauda equina tumors.

Five routes have been hypothesized for metastatic intradural
spinal tumor from outside the central nervous system;'' (a)
haematogenous, via the arterial system, (b) through the rich
venous plexus, (c) through perineural lymphatics, (d) spread via
subarachnoid space, and (e) seeding from the involved osseous
structure to the cerebrospinal fluid through the dura mater.”
Arterial embolism through the lung seems to explain the un-
usual metastasis to the cauda equina in our case. He had been
diagnosed as having metastatic lung tumors prior to admission,
Some authors have suggested venous embolism through the
venous channcls between the pelvis and the spinal cord. This
could be the mechanism, though it is unlikely. Metastasis
through the perineural lymphatics is also unlikely. Neuroradio-
logical examinations including abdominal MRI, CT scan and
radioisotope images revealed no local tumor recurrence and no
metastasis to the intrapelvic or paraspinal organs. Other authors
have proposed that seeding via the subarachnoid space formed
the metastasis around the cauda equina as drop metastasis.'®!?
This seems unlikely because brain MRI showed no metastatic
brain tumor and his surgical findings revealed no evidence of
subarachnoid dissemination of the tumor. Despite a radiologi-
cal work-up, we could not diagnose correctly before surgery.
Fifty-seven percent of clear cell renal carcinomas demonstrate
mutations of the Hippel-Lindau locus at 3p25. Globoganglio-
sides acting as adhesion mofecules have been shown to be in-
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creased in renal cell carcinoma metastasis. A new approach
directed towards the molecular biology of renal cell carcinoma
metastasis may offer more options for the treatment of this
condition.!

The tumor in our case was elastic hard, well demarcated and
did not infiltrate into the subarachnoid space. It involved a single
spinal nerve that fanned out over the surface of the tumor. We
could remove the tumor easily after resecting the nerve proximal
and distal to the tumor. These surgical findings are typical for
nerve sheath tumors but are extremely exceptional for metastatic
tumors. All of the metastatic cauda equina tumors seemed to
have involved several spinal nerves or disseminated in the sub-
arachnoid space®'? with the exception of Takahashi’s case,'t
where the operative findings resembled those of our case. Both
cases had renal cell carcinoma. The postoperative course of our
patient was satisfactory. He noticed complete relief of his ra-
dicular pain. He also showed no sensory and motor disturbance
after surgery. The tumor might have metastasized to one of the
sensory roots, and the function of the affected root might have
been compensated by the adjacent sensory roots during tumor
growth.

CONCLUSION

We reported a rare case of the metastatic tumor of the cauda
equina from the kidney. The radiographic and the operative
findings of the tumor quite resembled that of a nerve sheath
tumor. Only 10 cases with solitary metastasis to the cauda equina
were reported in the English literature and we added the 1l1th
case.
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Summary-

Objective. The purpose of this retrospective study was to evaluate
results of a local treatment protocol using gamma knife surgery (GKS)
for brain metastases without upfront whole brain radiation therapy
(WBRT).

Methods. Results for 521 consecutive patients satisfying the fol-
lowing 3 criteria were analysed: 1) a maximum of 3 tumours with a
diameter of 25mm or more; 2) no prior WBRT; 3) no surgically in-
accessible large (>30mm) tumours. Large tumours were surgically
removed and all smaller lesions were treated by GKS without up-
front WBRT. New lesions, detected with follow-up MRI, were appro-
priately treated with repeat GKS. Overall survival (OS), neurological
survival (NS), qualitative survival (QS) and new lesion-free survival
(NLES) curves were calculated and the prognostic values of co-
variates were obtained. OS and NS were compared according to tumour
number.

Results. In total, 1023 separate sessions were required to treat
4562 lesions. The primary organs were lung in 369 patients, gastro-
intestinal tract in 70, breast in 33, urinary tract in 24, and others/
unknown in 25. The median OS period was 9.0 months. On multi-
variate analysis, the significant prognostic factors for OS were
found to be extracranial disease (risk factor: active), Karnofsky per-
formance status (KPS) score (<70) and gender (male). NS and QS
at one year were 85.6% and 73.0%, respectively. The only signifi-
cantly poor prognostic factor for NS was carcinomatous men-
ingitis. NLFS at 6 months was 68.9%. For both OS and NS, the
differences between a few (<3) and many (4-10) brain lesions were
not significant (OS: p = 0.3128, NS: p =0.5509). Patients with numer-
ous (>10) tumours had a significantly poorer prognosis than those with
<10.

Conclusion. Our protocol, aggressively applying GKS, provides
excellent results in selected patients with <10 brain lesions and no
carcinomatous meningitis.

Keywords: Brain metastasis; stereotactic radiosurgery; gamma knife
surgery; whole brain radiation therapy.

Introduction

Excellent results have been reported using radiosur-
gery for a few small metastatic brain tumours resulting
from various systemic cancers [2, 3, 5~7, 13]. However,
most previous studies were small or multi-institutional
and foilowed inhomogeneous management protocols,
and few prospective randomised studies comparing
radiosurgery alone and radiosurgery plus WBRT have
been reported [2, 3, 5-7, 9, 14, 15]. Furthermore, they
evaluated only OS, which depended mainly on the extra-
cranial disease and pre-treatment KPS score. NS and QS
should be considered in discussing the results of treating
brain metastases. In this retrospective study, we care-
fully reviewed a very large series of results of GKS
without upfront WBRT for brain metastases, treated
according to the same protocol, at a single institute with
special attention paid to NS and QS, and discuss the
indications and limitations herein.

Patients and methods

Among 550 cases with brain metastases treated by GKS at Chiba
Cardiovascular Center from January 1998 through December 2002, 521
consecutive patients who satisfied the following 3 criteria were enrolled:
1) a maximum of 3 tumours with a diameter >25mm; 2) no prior
WBRT; 3) no surgically inaccessible large (>30mm) tumours, Patients
with miliary cerebral dissemination (>25) were excluded in this study.
All metastatic lesions were diagnosed on gadolinium-enhanced MRI
(1.5 Tesla, Magnetom Vision, Siemens) with a 5-mm thickness and no
gaps. At diagnosis of brain metastases, the primary physician evaluated
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Fig. 1. Limits of lesion number and size for gamma knife surgery:
The curve indicates a 3 Gy mean whole brain radiation dose calculated
using the GammaPlan with 20 Gy (50%) peripheral doses. Within these
limits, we assume that 25 tiny (8 mm), 10 small (14 mm) or 4 medium-
sized (25 mm) lesions can be safely irradiated at a single GKS session

the status of extracranial disease using x-ray films, CT scanning and
radionuclide scanning. According to the protocol of this study, large
tumours (>30mm) were surgically removed, and smaller lesions
(<30mm) were treated by GKS without upfront WBRT. Additional
GKS to the tumour bed was performed with 18-20Gy when neurosur-
geons judged the lesion to have been incompletely resected. New distant
lesions detected by gadolinium-enhanced MRI were appropriately
treated with repeat GKS, if the patient’s condition allowed. For all GKS
procedures, the mean whole brain radiation dose calculated with the
Leksell GammaPlan™ (Elekta Instruments, Atlanta, GA) was kept
below 3 Gy, thus preventing acute brain swelling, as previously reported
[10, 11}. According to our criteria, if the lesions are scattered and similar
in size, the upper simulated numerical limit is approximately 25 for tiny
(8 mm), 10 for small (14 mm) and 3 for medium-sized (25 mm) lesions,
with 20 Gy at the periphery, as presented in Fig. 1. Chemotherapy was
administered by the primary physician.

Neurological and neuroradiological evaluations were performed every
one to three months after initial GKS. Control of the GKS-treated lesion
was defined as the absence of any significant increase in tumour diam-
eter (<10%), as confirmed by axial or coronal MRI. To differentiate
tumour recurrence from radiation injury, thallium-201 Chloride (T1)
SPECT was employed, as previously reported {12]. With these measure-
ment methods, a high (>5.0) Tl index indicates tumour recurrence, a low
(<3.0) index radiation injury. In lesions with an intermediate (>3.0,
<5.0) index, the Tl SPECT studies were repeated until the index
exceeded 5.0 or was less than 3.0. Neurological death was defined as
death due to all forms of intracranial disease, including tumour recur-
rence, carcinomatous meningitis, cerebral dissemination, and other unre-
lated intracranial disease. Impaired activity of daily life (ADL) was
defined as an impaired neurological status as reflected by a Karnofsky
performance status (KPS) score <70 (functionally dependent). A new
lesion was defined as the appearance of a new brain metastasis at a site
different from the original one.

The intervals from the date of initial referral to our center until the
date of death (overall survival, OS), neurological death (neurological
survival, NS), impaired ADL (qualitative survival, QS), and appearance
of new distant lesions (new-lesion-free survival, NLFS) were calculated
by the Kaplan-Meier method. The tumour-progression-free survival for
all lesions treated with GKS was also analysed. Prognostic values of the
individual covariates for OS, NS, QS and NLFS were obtained with the
Cox proportional hazards model. The following 11 dichotomised co-
variates were entered: age (>65 years versus <65 years); gender (male
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versus female); pre-treatment KPS score (>70 versus <70); extracranial
disease (controlled versus active); diagnostic timing of brain metastasis
with primary site (synchronous versus metachronous); primary organ
(lung cancer versus non-lung cancer); brain lesion number (>10 versus
<10); maximum lesion size (>25mm versus <25mm); presence of
carcinomatous meningitis at initial MRI (yes versus no); chemotherapy
(yes versus no) and craniotomy (yes versus no). Covariates revealed to
be significant by univariate analyses were included in the multivariate
model verified by stepwise methods in the final model. According to
tumour number (a few: <3, many: 4-10, numerous: >10), OS and NS
were also compared by logrank test. A probability value <0.05 was
considered statistically significant.

Results

The distributions of dichotomised covariates are
summarised in Table 1. In total, 1023 separate GKS

Table 1. Distribution of patient characteristics

Characteristics Number of patients
Age (years)
<65 252
>65 © 269
Gender
male 322
female 199
Extracranial disease
controlled 68
active 453

Initial KPS score

<70 94

>70 427
Primary organ

lung 367

non-lung 154
Brain lesion number

<10 433 (single 121)

>10 88
Maximum lesion size

<25mm 343

>25mm 178
Carcinomatous meningitis

yes 45

no 476
Chemotherapy

yes 148

no 373
Craniotomy

yes 97

no 424
Diagnostic timing

synchronous 358

metachronous 163

KPS Karnofsky performance status.
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Fig. 2. Number of salvage treatments: There were zero salvage
treatments by gamma knife surgery in 217 cases (59.4%), one in 74
(20.3%), two in 37 (10.1%), three in 19 (3.6%), and >5 in 19 (3.6%)

procedures were required to treat 4562 lesions. The me-
dian number of lesions treated by the initial GKS was 3,
range 1 to 25. During follow-up, the number of GKS
procedures averaged 1.7 £ 1.3, varying between 1 and 9
(Fig. 2), and the mean total number of lesions treated per
patient with GKS was 8.9411.4, range 1 to 77. The
mean calculated tumour volume was 1.0+ 2.8cm’.
The minimum dose applied to the tumour margin
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was 13.3 to 33.3 Gy (mean + SD 20.8 £ 2.4 Gy, median
20 Gy) with a 59.5% isodose contour (range 30-95%}).
The whole brain radiation dose was 0.1 Gy to 3.0 Gy
(mean 4 SD 1.2 + 0.6 Gy, median 1.1 Gy). In 57 incom-
pletely resected lesions of 97 operations (58.8%), the
tumour bed was additionally irradiated with 18-20 Gy
using GKS. The primary cancers were in the lung in 369
patients (72.1%), gastro-intestinal tract in 70 (13.4%),
breast in 33 (6.3%), urinary tract in 24 (4.6%), and
others/unknown in 25 (4.8%). The tumour-progres-
sion-free survival rates were 95.7% at one year and
91.1% at 2 years. The median OS period was 9.0 months
(Fig. 3a). In multivariate analysis, significant prog-
nostic factors for OS were active extracranial disease
(p <0.0001), low pre-treatment KPS score (p<0.0001)
and male gender (p =0.0028), as shown in Table 2. NS
and QS at one year were 85.6% and 73.0%, respectively
(Fig. 3b, c¢). Of the 365 mortalities, 66 (18.1%) were
attributed to neurological death. Causes of neurological
death were carcinomatous meningitis in 26, cerebral

0.8 4 -~
0.6 4 -

0.4 -~

Neurological Survival Rate

0.2 - ’ -~

0 12 24 36 48 60

0.8 - .
0.6 - »

0.4 -

New-lesion-free Survival Rate

0.2 -~

(months) d

Fig. 3. (a) Overall survival: The overall survival (OS) curve is presented. The median OS period was 9.0 months. (b) Neurological survival: The
neurological survival curve is shown. The neurological death free rate following GKS was 85.6% at one year. (c) Qualitative survival: The
qualitative survival (QS) curve is presented. The functional-dependent-free rate was 73.3% at one year. (d) New-lesion-free survival: The new-
lesion-free survival (NLFS) curve is shown. The NLFS rate was 68.9% at 6 months, 38.9% at | year
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Table 2. Prognostic variables for overall survival
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Variables High risk group P-value* HR* P-value** HR**
Age >65 0.9995 1.000
Gender male 0.0027 1.389 0.0028 1.392
Extracranial disease active <0.0001 4.098 <0.0001 3.96%9
Initial KPS score <70 <0.06001 1.845 <0.0001 1.864
Primary organ non-lung 0.0242 - 1.290
Brain lesion number >10 0.0010 1.580
Maximum lesion size >25mm 0.2281 1.142
Presence of CM yes 0.0494 1.434
Chemotherapy no 0.1246 1.189
Microsurgery no 0.1214 1.225
Diagnostic timing synchronous 0.4133 1.098

* Monovariate analysis, ** Multivariate analysis (Cox’s proportional hazard
CM carcinomatous meningitis.

Table 3. Prognostic variables for neurological survival

final model), HR hazard ratio, KPS Kamnofsky performance status,

Variables High risk group P value*® HR* P value™* HR**
Age <65 0.2631 1.339
Gender male 0.3039 1.314
Extracranial disease active 0.0113 2.577
Initial KPS score <70 0.1622 1.628
Primary organ non-lung 0.5436 1.186
Brain lesion number >10 0.0009 2.681
Maximum lesion size >25mm 0.2818 1.326
Presence of CM yes <0.0001 8.013 <0.0001 8.013
Chemotherapy no 0.3366 1311
Microsurgery yes 0.9206 1.030
Diagnostic timing synchronous 0.4857 1.209

* Monovariate analysis, ** Multivariate analysis (Cox’s proportional hazard
CM carcinomatous meningitis.
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Fig. 4. Overall and neurological survival curves according to tumour number: (a) Overall survival curves according to tumour number: The
difference between a few (<3) and many (4~10) lesions was not statistically significant (p == 0.3128). The outcome of patients with numerous (>>10)
lesions was significantly poorer than that of those with a few (p=0.0025) or many (p =0.0144). (b) Neurological survival curves according to
tumour number: Neurological survival curves according to tumour number are shown. The difference between a few (<3) and many (4-10) lesions
was not statistically significant (p =0.5509). Patients with numerous (>>10) lesions had a significantly poorer outcome than those with a few

(p=0.0017) or many (p=0.0098)



Gamma knife surgery for brain metastases

dissemination in 18, recurrence of the treated lesion in
14, progression of an untreated lesion in 7 and other in 1.
Among 105 cases with functional dependence due to
brain lesions, the causes were radiation injury in 31,
carcinomatous meningitis in 28, cerebral dissemination
in 20, recurrence of the treated lesion in 16, progression
of an untreated lesion in 9, and other in 1. The only
significantly poor prognostic factor for NS was carcino-
matous meningitis (p<0.0001), as depicted in Table 3,
Extracranial active disease (p =0.0008), poor pre-treat-
ment KPS score (p=0.0002) and carcinomatous menin-
gitis (p<0.0001) were confirmed to be significant
factors influencing QS in multivariate analysis. NLEFS
at 6 months was 68.9% (Fig. 3d). New lesions emerged
more frequently in patients with active extracranial
disease (p=0.0017) and numerous (>10) brain metas-
tases (p=0.0365). OS and NS curves, according to
tumour number, are shown in Fig. 4a and b, respec-
tively. For both OS and NS, the differences between a
few (<3) and many (4-10) were not statistically signifi-
cant (OS: p=10.3128, NS: p=0.5509), but the outcome
of patients with numerous (>10) lesions was signifi-
cantly poorer that of those with <10 (ON: p=0.0144,
NS: p=0.0017).

Discussion

Patients with many (>4) lesions have been considered
to have a poorer prognosis than those with a few (<3).
This study revealed the differences in OS and NS
between a few (<3) and many (4—10) to be statistically
not significant and suggests that the limit of lesion num-
bers for GKS is around 10, as previously reported
[10, 11]. GKS in a single session is limited not only by
lesion number, but also lesion size. However, most ear-
lier investigators focused solely on number [2, 3, 5-9,
13-15]. Both the number and the size of lesions affect
the mean whole brain radiation dose, which provides
information on the limits for GKS in a single session
[10, 11]. With a mean skull radiation dose of 3 Gy or
less, our calculations indicate 25 tiny (8§ mm), 10 small
(14 mm) or 4 medium-sized (25 mm) to be the numerical
limits for a single session of GKS, if the peripheral dose
is 20 Gy with the GammaPlan. Adverse early radiation
effects such as acute brain swelling were not observed
in our series. Research groups of Yamamoto and Yang,
using higher radiation doses than allowed by the criteria
employed herein, reported the safety of GKS for numer-
ous brain metastases [16, 17]. From the viewpoint of
our large series and routine WBRT use, a mean whole
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brain radiation dose of 3 Gy seems to be quite safe, if
lesions are diffusely scattered in the brain. Furthermore,
this study found patients with carcinomatous men-
ingitis to have significantly poorer NS and QS. In
conclusion, our present criteria indicating GKS alone
to be suitable for treating metastatic brain tumours are
1) no surgically inaccessible large (>30mm) tumours,
2) 10 or fewer lesions, 3) a maximum of 3 tumours
with a diameter >25 mm, and 4) no findings of carcino-
matous meningitis on MRI. NS and QS for one year of

. patients with these criteria were 91.5% and 81.6%,

respectively.

It has become widely accepted, since the advent of CT
scanning, that even patients with only a single metastatic
lesion have microscopic metastases [8]. Modern high-
quality MRI can detect metastatic tumours only a few
millimeters in diameter. The survival period may be too
short for invisible metastases or true new lesions to be
identified on follow-up MRI or to cause neurological
symptoms and signs. Chemotherapy may, of course, play
an additional role in controlling microscopic lesions.
Our treatment policy for metastatic brain tumours is that
verifiable local control is the first priority, while treating
invisible metastases is the second. Indeed, almost 60%
of patients in our series did not require salvage treat-
ment. Upfront WBRT need not be introduced and
appropriate salvage treatment, taking the patient’s con-
dition into consideration, may be warranted, if new
lesions are detected. The current study demonstrates that
a local GKS treatment protocol without upfront WBRT
can provide highly satisfactory results in selected
patients with close observation and appropriate salvage
treatment.

Conclusions

From the viewpoints of NS and QS, GKS without
upfront WBRT for brain metastases from various
primary tumours provides satisfactory palliation con-
sidering the patients’ short life expectancies. Brain
metastases could be managed according to our local
treatment protocol by GKS alone without upfront
WBRT, if the following 4 criteria were satisfied 1) no
surgically inaccessible large (>30 mm) tumours, 2) 10 or
fewer lesions, 3) a maximum of 3 tumours with a diam-
eter of >25mm, and 4) no findings of carcinomatous
meningitis on MRI. However, careful follow-up MRI
and appropriate salvage treatment are essential to pre-
venting neurological death and maintaining favorable
ADL.
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Comment

This is an interesting and potentially important paper. As some other
authorities have done before them, the authors have challenged the
traditional wisdom of limiting gamma knife surgery to the maximum
of 3 lesions. Inclusion criteria for this study were patients with a max-
imum of 3 tumours with a diameter >25 mm, no cerebral dissemination
(<25 micrometastases) and no surgically inaccessible large (>30mm)
tumours. This reviewer from the United Kingdom read with great inter-
est, that in several of their patients salvage treatment was carried out, in
nine cases five times or more. This raises an interesting question about
healthcare funding.

They have, very usefully, extended the outcome measures from over-
all survival to include death from neurological causes, qualitative surviv-
al, new lesion free survival, progression free survival etc.

They have shown that there is no significant reduction in outcome up
to 10 lesions when a wide variety of outcome measures are considered.
They have truly tested the technique, by going up to 77 lesions in one
case.

The observations made are sound if not particularly surprising. Active
extracranial disease, poor pretreatment Karnofsky score and carcinoma-
tous meningitis were confirmed to be significant factors influencing
outcome. At this stage of our knowledge their recommendations: no
surgically inaccessible large tumours, 10 or fewer lesions, a maximum of
3 tumeours with a diameter of >25 mm, and no carcinomatous meningi-
tis, appear sensible.

Andras Kemeny
Sheffield

Correspondence: Toru Serizawa, Department of Neurosurgery, Chiba
Cardiovascular Center, 575 Tsurumai, Ichihara, Chiba, 2900512 Japan.
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Diagnostic value of thallium-201 chloride single-photon
emission computerized tomography in differentiating tumor
recurrence from radiation injury after gamma knife surgery
for metastatic brain tumors

TorRU SERIZAWA, ML.ID., PH.D., NACKATSU SAEKI, M.D., PH.D., YOosHINORI HiGUCHI, M.D. Pu.D.,
Junicar Ono, MLD., PH.D., SHINT MATSUDA, ML.D., PH.D., MAKOTO SATO, R.T.,

MasamMiCHI YANAGISAWA, R.T., Tosamko [ucHr, MLD., PH.D., OsaMU NAGANO, MLID.,

AND AKIRA YAMAURA, M.D., PH.D.

Departments of Neurosurgery, Neurology, and Radiology, Chiba Cardiovascular Center, Ichihara,
Japan,; and Division of Neurological Surgery, Chiba Cancer Center; and Department of Neurological
Surgery, Graduate School of Medicine, Chiba University, Chiba, Japan

Object. The authors assessed the diagnostic value of *'T1 Cl single-photon emission computerized tomography
(SPECT), performed after gamma knife surgery (GKS) for metastatic brain tumors in differentiating tumor recurrence
from radiation injury. -~ -~

Methods. Of 6503 metastatic brain tumors treated with GKS, 2°'T1 SPECT was required in 72 to differentiate between
tumor recurrence and radiation injury. When the T1 index was greater than 5, the lesion was diagnosed as a tumor recur-
rence. When the index was < 3.0 it was called radiation injury. In cases with a Tl index between 3 and 5, ?'T1 SPECT was
repeated once per month until the Tl index was greater than 5 or less than 3. If the Tl index fluctuated between 3 and 5 for
2 months, the lesion was diagnosed as radiation injury. The final diagnosis was based on histological examination or clin-
ical course.

The sensitivity of the method was 91%; thus 2'T1 SPECT is effective for differentiating between tumor recurrence and
radiation injury in metastatic brain tumors treated with GKS. Caution is necessary, however, for the following reasons: 1)
simple interinstitutional comparisons of Tl indices are not possible because measurement methods are institute specific; 2)
steroid administration decreases the Tl index to a variable degree; and 3) a severe radiation injury lesion, as is often seen
after repeated GKS or very high dose GKS, may have a Tl index greater than 5.

Conclusions. Used with critical insight 2'T1 C1 SPECT can be useful in distinguishing between tumor regrowth and radi-
ation necrosis in patients with cerebral metastases.

Key Worps ° gamma knife surgery <« metastatic brain tumor ° radiation injury -
tumor recurrence ° thallium-201 - single-photon emission computerized tomography

GKS for metastatic brain tumors that result from var-

ious systemic malignancies; however, tumor re-
growth with surrounding edema can occur after GKS.51 In
this situation, differentiating between tumor recurrence and
radiation injury may be difficult using only MR imaging.
The purpose of this prospective study was to determine the
differential diagnostic value of 2'Ti C1 SPECT after GKS
for metastatic brain tumors.

E XCELLENT tumor control has been reported using

Clinical Material and Methods

Among 701 patients with 6503 metastatic brain tumors
1404 were treated with GKS between 1998 and 2003. Of

Abbreviations used in this paper: GKS = gamma knife surgery,
MR = magnetic resonance; SPECT = single-photon emission com-
puterized tomography.
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these 72 lesions in 70 patients in whom regrowth was
demonstrated on follow-up MR imaging were studied with
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Ho. 1. Graph showing the distribution of Tl indices.
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Thallium-201 SPECT and metastatic necrosis after GKS

TABLE 1
Treatment summary of 72 lesions™

Variable Min Max Mean SD Median
tumor vol (cm?) 0.25 16.0 5.73 4.44 4,70
peripheral (%) 38.1 91.6 53.6 10.7 49.9
peripheral dose (Gy) 14.0 30.0 20.4 2.7 20.0
max dose (Gy) 24.8 59.8 28.9 6.9 40.1
no. of isocenters 1 24 8.2 58 6.5

* 8D = standard deviation.

2T SPECT and analyzed for this study. The mean patient
age was 03.8 years (range 4686 years). There were 37 men
and 33 women. The primary cancer was from the lung in 57
(79.2%), gastrointestinal tract in 10 (13.9%), urinary tract in
two (2.8%), breast in one (1.4%), and other in two (2.8%).
The early Tl index was quantified using a triple-head
gamma camera equipped with low-energy high-resolution
fan beam collimators (GCA9300A/UI;, Toshiba, Tokyo,
Japan). The data were acquired in a 128 X 128 matrix over
a 120° rotation at angular intervals of 4°. The energy was set
at 75 keV for the main window and at 7% for the subwin-
dow. Data were collected 20 minutes after intravenous
administration of 111 MBq ™' Tl. Scatter correction was per-
formed by the triple-energy window method, but absorption
correction was not used. The SPECT images were gathered
after filtered-back projection with a Butterworth filter (cut-
off frequency 0.34 cycles/cm). The region of interest was
automatically drawn with a lower cut-off for the lesion at

80%, to minimize errors between radiation technicians. The
control region, approximately 100 pixels, was the contralat-
eral or distant normal brain.

When the Tl index was greater than 5, the lesion was
diagnosed as tumor recurrence. If the index was less than 3
the lesion was diagnosed as radiation injury. In cases ip
which the T1 index was between 3 and 5, *'T1 SPECT was
repeated once per month until the Tl index was either
greater than 5 or less than 3. If the Tl index fluctuated
between 3 and 5 for 2 months, the lesion was diagnosed as
radiation injury. The final diagnosis was based on histolog-
ical examination or clinical course. In patients whose le-
sions did not undergo histological examination, radiation
injury was diagnosed when the enhanced lesion did not
increase in size on subsequent MR imaging for 3 months or
more. A paired Student t-test was used to compare the Tl
indices of tumor recurrence with those of radiation injury. A
probability value less than 0.05 was considered statistically
significant.

Results

The treatment data are summarized in Table 1. The mean
tumor volume was 5.8 cm?, and the mean radiation dose at
the periphery was 20.5 Gy. The mean number of isocenters
was 8.4. The mean interval from GKS to the first radioiso-
tope diagnosis was 7.3 months (range 1.2-44.6 months).
The equivalent mean interval to the last radioisotope diag-
nosis was 8.7 months (range 2.1-44.6 months). Thirty-one

FiG. 2. Serial enhanced MR and *'T] SPECT studies obtained in the patient in Case 1. A: Pre-GKS: a right frontal
metastatic lesion from colon cancer. The Tl accumulation was intense (T index 1143). B: Two months later: the tumor
shows shrinkage and the Tl index has decreased to 2.75. C: Seven months later the tumor has increased in size and the
T1 index has risen to 5.8. The radioisotope diagnosis was tumor recurrence. The tumor was resected.
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Fic. 3. Photomicrograph obtained in Case 1. Histopathological
examination confirmed viable tumor cells. H & E.

lesions (43.1%) were diagnosed based only on the first Tl
index measurement, and 41 (56.9%) required serial Tl mea-
surements. Distributions of the T index are shown in Fig,
1. The mean TI indices of tumor recurrence and radiation
injury were 6.15 and 3.5, respectively, a statistically signif-
icant difference (p < 0.0001). The final diagnosis was
tumor recurrence in 30 and radiation injury in 42. Ten
lesions (14.1%) were histopathologically examined. There
were three false-positives and four false-negative results.
For 65 lesions, the radioisotope and final diagnoses were
compatible (accuracy 90.3%). Sensitivity was 90% and
specificity was 90.5%.

Case Presentation

Case 1. Tumor Recurrerice. This 62-year-old woman had

a single 25-mm metastatic lesion in the frontal lobe from-

colon cancer (Fig. 2A). The pre-GKS Tl index was 11.43,
The lesion was treated by GKS with 26 Gy to the 52% iso-

T. Serizawa, et al.

FiG. 5. Photomicrograph obtained in Case 2. This specimen was
obtained by MR-guided stereotactic biopsy and shows no viable
tumor cells i

dose line. Gadolinium-enhanced MR imaging obtained 2
months later revealed tumor shrinkage (Fig. 2B) and the Tl
index had decreased to 2.75. Seven months later, however,
MR imaging demonstrated tumor regrowth (Fig. 2C) and
the Tl index had increased to 5.8. The radioisotope diagno-
sis was tumor recurrence. The tumor was surgically re-
moved, and histopathological examination revealed viable
tumor cells (Fig. 3).

Case 2. Radiation Injury. This 72-year-old man had mul-
tiple brain metastases from lung adenocarcinoma. A lesion
in the caudate nucleus was irradiated with 22 Gy to the 50%
isodose line (Fig. 4A). The pre-GKS Tl index was 4.63.
Two months later MR imaging revealed marked tumor
shrinkage (Fig. 4B), and there was no abnormal Tl accu-
mulation. Six months later, MR imaging demonstrated
tumor regrowth (Fig. 4C) and the T! index was low but not

F1G. 4. Serial enhanced MR image and 2'T1 SPECT studies obtained in the patient in Case 2.  A: Pre-GKS: a metasta-
tic lesion in the right caudate from lung adenocarcinoma. The pre-GKS Tl index was 4.63.  B: Two monthg later the tumor
shows marked shrinkage. There is no abnormal Tl accumulation. C: Six months later MR imaging demonstrated tumor
regrowth, but the Tl index remains low (3.08), necessitating serial measurements. D: Eight months later the area of
enhancement has again increased in size. The Tl index remains low (3.43). The radioisotope diagnosis was radiation injury.
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