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Radiosurgery-induced brain tumor
Case report
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1 The authors describe a case of glioblastoma multiforme (GBM) associated with previous gammaknife radiosurgery for
a cerebral arteriovenous malformation (AVM). A 14-year-old boy had undergone radiosurgery for an AVM, which was
performed using a 201-source ®Co gamma knife system at another institution. The maximum and margin radiation doses
used in the procedure were 40 and 20 Gy, respectively. One year after radiosurgery, the patient noticed onset of mild left
hemiparesis due to radiation necrosis.

Six and one-half years after radiosurgery, at the age of 20 years, the patient experienced an attack of generalized tonic—
clonic seizure. Magnetic resonance (MR) imaging revealed the existence of a brain tumor in the right parietal lobe. The
patient underwent an operation and the histological diagnosis of the lesion was GBM. Ten months following the opera-

tion, that is, 99 months postradiosurgery, this patient died.
To the best of the authors' knowledge, thisisthe first reported case of a neoplasm induced by radiosurgery for an AVM
and the second case in which it occurred following radiosurgery for intracranial disease.

Key Worbs e« gamma knife surgery

radiosurgery e« arteriovenous malformation

tumor induction ¢ glioblastoma multiforme

was initialy used for intractable pain by Leksell®

in 1968. In 1970, Steiner and associates™ introduced
the gamma knife for treatment of cerebral AVMs. Recent-
ly, radiosurgery has been widely used not only to trest
AVMs, but aso to treat brain tumors, intractable pain, neu-
ralgia, Parkinson disease, and epilepsy. It is considered to
be a relatively safe procedure, but there is still a risk of
radiation necrosis as well as incomplete obliteration and
bleeding before complete obliteration of the nidus of the
AVM .## |n addition, Yu, and colleagues® recently report-
ed the first case of GBM induction following radiosurgery
for a meningioma. These authors suggested there would
be further reports of tumor induced by radiosurgery. In the
present report, we relate a fatal case of GBM that was in-
duced by radiosurgery for an AVM.

R ADIOSURGERY, Or stereotactically focused irradiation,

Case Report

History. This 4-year-old boy came to our institution in
May 1982 suffering from occipitalgia and vomiting. A
computerized tomography scan reveaed intraventricular
hemorrhage in both lateral ventricles and acute hydro-
cephlus; aventricular drain was placed. Angiography per-
formed after this operation revealed an AVM in the right
parieta lobe. The AVM involved the posterior rim of the
right internal capsule and drained into the internal cere-
bral vein. The largest diameter of the nidus was 29 mm.

Abbreviations used in this paper: AVM = arteriovenous malfor-
mation; GBM = glioblastoma multiforme; GFAP = glial fibrillary
acidic protein; MR = magnetic resonance.
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Surgery was recommended, but his parents refused. Three
weeks |ater, he underwent ventricul operitoneal shunt place-
ment for hydrocephalus and was discharged from our fa-
cility with no adverse effect, without undergoing surgery
for hisAVM.

During the time of follow up in this case radiosurgical
therapy was introduced to Japan. In accordance with our
recommendation that such a method could provide a less
invasive therapy, in 1992, when the patient was 14 years of
age, he underwent radiosurgery for his AVM (Fig. 1 upper
and center). The procedure was performed at another in-
stitution by using a 201-source ®Co gamma knife system.
The maximum and margin radiation doses were 40 and 20
Gy, respectively. One year following radiosurgery, the pa-
tient experienced onset of mild left hemiparesis due to ra-
diation necrosis in the right cerebral white matter. After
conservative therapy, he was followed up at an outpatient
clinic. Angiography performed 2 years after radiosurgery
reveded complete occlusion of the AVM (Fig. 1 lower).

The patient experienced a gradual onset of headaches,
vomiting, and worsening of hisleft hemiparesis 75 months
postradiosurgery. Four months later, at the age of 20 years,
he experienced an attack of generalized tonic convulsion.

Examination and Treatment. Magnetic resonance imag-
ing revealed brain swelling and a small intracerebral he-
matoma in the patient’s right parietal lobe. Angiography
demonstrated a smal faint vascular stain. Based on these
findings, the lesion was diagnosed as radiation necrosis
and hemorrhage from the residual nidus of the AVM. The
patient underwent conservative therapy. In January 1999,
more than 4 months later, he noted onset of headache and
vomiting again. Craniad MR imaging reveaded significant
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brain swelling and hemorrhage compared with those noted
on images obtained just before the radiation treatment (Fig.
2 |eft and center). Moreover, he experienced tonic—clonic
seizures. His consciousness level gradually worsened and
he fdl into a semicomatose state. After undergoing emer-
gency angiography, which revealed tumor staining, the pa
tient underwent an operation for removal of the hematoma
and tumor.

In spite of postoperative chemotherapy, which consisted
of 1-[4-amino-2-methyl-5-pyrimidinyl]-methyl-3-[2-chlo-
roethyl]-3-nitrosourea hydrochloride and interferon 3, the
residual tumor continued to grow and the general condition
of the patient gradually worsened. Ten months after the op-
eration (Fig. 2 right), that is, 99 months postradiosurgery,
the patient died.

Pathological Findings

The histological diagnosis of the tumor was GBM. The
tumor displayed high cdlularity and focal necrosis (Fig. 3
upper left and right). There was a so thickening of the wall
of the vessels that had constituted the AVM (Fig. 3 upper
and lower left). Immunohistochemical investigation yield-
ed a positive response to anti-GFAP within the cytoplasm
of the cells (Fig. 3 lower right).

Discussion

To our knowledge, we report the first case in which a
neoplasm was induced by radiosurgery for AVM, and the
second case in which this occurred after radiosurgery for
intracranial disesse.

The underlying goal of treatment of AVMs by using ra-
diation isto induce an inflammatory response in the vessel
walls of the malformation that will result in a permanent
thickening of the pathological vascular channels, ultimate-
ly leading to thrombosis.®® In this case, the complete oblit-
eration of the AVM was confirmed on angiography. Fur-
thermore, thickening of the walls of the abnormal vessels
was shown by histological analysis. Nevertheless, GBM
was also found around these abnormal vessels.

Brain tumor induced by radiotherapy has been reported
to occur in response to both low and high radiation dos-
€5,2569-121517.1920 | previous cases, the presence of vari-
ous primary diseases before conventiona radiotherapy
have been reported, such as brain tumor (meningioma,
pituitary adenoma, craniopharyngioma, medulloblastoma,
metastatic tumor, and teratoma), retinoblastoma, tinea cap-
itis, glomus jugulare tumor, and leukemia Various types
of induced tumors have aso been reported, such as as-
trocytoma, GBM, sarcoma, ependymoma, and meningio-
ma. Since the introduction of radiosurgery, however, no tu-
mors have been observed to have been induced by the
treatment. One may speculate that ionizing beams deliv-
ered over along period are more likely to induce tumors
than single high doses given over a short period.?

The following criteria for radiation-induced neo-
plasms-t2182! have been previously described: 1) a second
tumor occurs within the field of irradiation used to treat the
primary disease; 2) the tumor is not present prior to irradi-
ation, and there has been a reasonable interval between ra-
diotherapy and the detection of the second tumor (usually
several years); 3) a histological difference exists between
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Fic. 1. Anteroposterior (upper) and lateral (center and lower)
angiograms.  Upper and Center: Angiograms obtained a thetime
of radiosurgery. Lower: Angiogram obtained 24 months after ra-
diosurgery demonstrating that the AVM has been obliterated.

the primary and subsequent tumor; and 4) no known genet-
ic or predisposing conditions to secondary malignancy are
observed. Our case fulfills these criteria. There is no pos-
sihility that there was a change in tumor type or that in-
duction was caused by chemotherapy with any anticancer
agent that may have exerted a carcinogenic effect, because
AVM is not akind of neoplasm.

Radiation-induced gliomas seemed to differ from spon-
taneous gliomas.5? Firdt, the pathologica nature of radi-
ation-associated gliomas is generally malignant. Second,
these tumors tend to occur in young patients, despite the
fact that the majority of gliomas are located in the cerebral
hemisphere. Kitanaka and associates’® reviewed 35 cases of
radiation-induced gliomas. The tumor dose ranged from 4
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Fic. 2. Axial T,-weighted (left) and gadolinium-enhanced T,-weighted (center and right) MR images.  Left: Prera
diosurgery MR image revealing an AVM intheright parietal lobe. Center: An MR image obtained 81 months after ra-
diosurgery, demonstrating an enhanced mass lesion in theright parietal lobe.  Right: An MR image obtained 99 months
after radiosurgery (9 months after remova of the tumor) and 6 days before the death of the patient, demonstrating severe

invasion and dissemination of tumor.

to 60 Gy (mean 39 Gy). The age of the patients at the time
of radiotherapy ranged from 2 weeksto 52 years (mean 15
years), and the latency periods extended from 1 to 26 years
(mean 11 years). The patients’ mean age at the onset of the
second tumor was 26 years. Shapiro, et d.,*° suggested that

-y
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the skewed age distribution toward youth for tumor induc-
tion was due to the fact that young patients underwent cra-
nial radiation treatment for a variety of reasons.

In the present case, the patient displayed an onset of
radiosurgery-induced glioma at the age of 20 years. The

d i ‘l |

Fic. 3. Photomicrographs of tumor sections showing histopathological and |mmunoh|stochem|cai fmdmgs Upper
and Lower Left: Significant intimal hypertrophy is observed in the abnormal vessel wall. Original magnification X 100.
Upper Right: Thereisfocal necrosis with pseudopaisading. Original magnification X 200. Lower Right: Tumor cells
stain positively in response to anti-GFAP antibody. Original magnification X 400. H & E (upper left and right); elastica
van Gieson (lower |eft); and immunohistochemical testing for GFAP (lower right).
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latency period was 6.5 years. Moreover, this tumor was
malignant and the characteristics of the tumor closely re-
sembled the previoudy mentioned criteriafor radiation-in-
duced gliomas.

Itishardly aconsideration that the GBM in thiscase was
anatura comorbidity associated with the AVM. In a pre-
vious report* the authors mentioned rare cases in which
there has been simultaneous occurrence of an AVM and a
glioma, assigning the term “angioglioma.” In the present
case, however, there was a long interval of 16 years be-
tween the first diagnosis of the AVM and the second diag-
nosis of GBM. Moreover, this case fulfilled the criteriafor
radiation-induced neoplasms described earlier.

Yu and colleagues™ reported the first documented case,
that of a70-year-old woman, of GBM induced by radiosur-
gery. Inthat case, the GBM occurred 7 years after radiosur-
gery in the same area as the previous meningioma. On the
other hand, authors of another study” reported that there
have been many cases with comorbidity of multiple pri-
mary brain tumors of different histological types not as-
sociated with von Recklinghausen disease or a history of
radiation treatment. The most frequent combinations were
meningioma and glioma. We do not deny that the lesion
reported by Yu and colleagues was a neoplasm induced by
radiosurgery, because their case also completely fulfilled
the criteria for radiation-induced neoplasms described ear-
lier. Nevertheless, there is some possibility that the second
neoplasm in that case was not induced by radiosurgery, but
occurred as an incidental comorbidity.

Stieg, et d.,2 mentioned severd potential complications
that occur after stereotactic radiosurgery for AVMs such as
hemorrhage prior to lesion obliteration, temporary radia-
tion effects, radiation necrosis, and predicted secondary tu-
mors. Our patient experienced radiation necrosis 1 year af-
ter undergoing radiosurgery. Friedman and associates® and
Pollock, et a.,* reported that the incidence (and latency)
of radiation necrosis following radiosurgery for AVMs
was 3.3% (11-15 months postradiosurgery) and 10% (11—
22 months postradiosurgery), respectively. Therefore, this
complication in the present caseis not unusud for itslaten-
cy period.

Patients undergoing radiosurgery not only for AVMs
but also for other diseases face the possibility of tumor in-
duction, even though it may be asmall possibility. Various
types of tumors, such as gliomas, meningiomas, and sar-
comas, also may occur. Further studies and careful obser-
vation after radiosurgery will be needed. In the future, we
may mention this rare complication on the patient in-
formed consent form for radiosurgery. We predict that cas-
es of this rare but clinicaly very important complication
will increase in number hereafter as follow-up periods be-
come longer.
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