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Abstract
The development of cavernous malformations many years following conventionally fractionated brain irradiation is well
recognized and commonly reported. However, cavernous malformation induction following stereotactic radiosurgery
(SRS) is largely unreported. Herein, we describe two cases of cavernous malformation formation years following SRS
for brain metastases. A 20-year-old woman with breast cancer brain metastases received treatment with whole brain
radiotherapy (WBRT), then salvage SRS 1.4 years later for progression of a previously treated metastasis. This lesion
treated with SRS had hemorrhagic enlargement 3.0 years after SRS. Resection revealed a cavernous malformation. A 25-
year-old woman had SRS for a brain metastasis from papillary thyroid carcinoma. Resection of a progressive, hemorrhagic
lesion within the SRS field 2 years later revealed both recurrent carcinoma as well as cavernous malformation. As patients
with brain metastases live longer following SRS, our cases highlight that the differential diagnosis of an enlarging
enhancing lesion within a previous SRS field includes not only cerebral necrosis and tumor progression but also cavernous
malformation induction.

Keywords Stereotactic radiosurgery . Cavernous malformation . Brain metastases . Late effects

Introduction

Cavernous malformations (CM) are angiographically oc-
cult vascular malformations consisting of thin-walled, di-
lated, vascular channels without supporting vascular

smooth muscle or intervening brain parenchyma [9].
Although most cases are congenital [9], delayed CM de-
velopment occurs in familial forms [23] or following ra-
diotherapy [20]. Most radiation-associated CMs occur after
conventionally fractionated radiotherapy or whole brain
radiation [20]; however, they have also been reported fol-
lowing stereotactic radiosurgery (SRS) for arteriovenous
malformations (AVM) [18, 30]. CM induction following
SRS, defined as stereotactic treatment in 1 to 5 days [2],
for a brain metastasis has been rarely reported [11, 14]
despite brain metastases being the most common indica-
tion for SRS. The rarity of this event is likely due to the
long latency required for CM induction and the limited
lifespan of patients with metastatic cancer. As patients with
metastatic cancer survive longer and the role for SRS is
supported for up to 10 brain metastases [31], SRS-
induced CM may become more prevalent. The clinician
should be aware that the differential diagnosis of a new
enhancing lesion within a prior SRS field includes not only
cerebral necrosis or tumor progression but also CM induc-
tion. We report two cases of CM acquired following SRS
for brain metastases.
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Case reports

Case #1 Patient case #1 highlights the differential diagnosis of
an enlarging enhancing lesion following SRS: radiation ne-
crosis, tumor recurrence, and cavernous malformation all in
the same patient.

Initial presentation and whole brain radiotherapy A 20-year-
old woman with a family history of breast cancer was di-
agnosed with a grade 3 infiltrating ductal carcinoma (hor-
mone receptor positive, Her-2 negative, BRCA 1 and 2
negative). At diagnosis, she had metastases to the liver,
lungs, bones, and brain. As she had five large brain metas-
tases, she received whole brain radiotherapy (WBRT),
30 Gy in 10 fractions via standard opposed lateral fields.
She tolerated the treatment well with resolution of her pre-
treatment headaches and nausea. A post-WBRT MRI
3 months later revealed dramatic shrinkage of her domi-
nant left frontal metastasis (Fig. 1a, b). This lesion ulti-
mately developed a cavernous malformation, as below.
She subsequently received multiple courses of chemother-
apy, including adriamycin, cyclophosphamide, taxol, and
tamoxifen.

1.4 years post-WBRT: salvage SRS to progressive metastases
Due to progression in multiple metastases previously treated
with WBRT, 1.4 years later, she had three enlarging lesions
treated with CyberKnife robotic linear accelerator SRS, as
previously described [25]: 24 Gy in 3 fractions prescribed to
the 75% isodose line covering the periphery of the dominant
left frontal lesion (5.2 cm3 volume, conformity index 1.3,
maximum dose 32 Gy, collimator sizes of 7.5 mm and
10 mm) (Fig. 1c), and 22 Gy to multiple tumors, notably a
left cerebellar metastasis (Fig. 2a).

4.4 years post-WBRT, 2.9 years post-SRS: left frontal SRS-
associated cavernous malformation The dominant left fron-
tal tumor, treated with WBRT and salvage SRS, was stable
for 2.9 years until progression with hemorrhage and fluid-
fluid levels (Fig. 1d). Surgical resection was performed for
presumed hemorrhagic tumor progression. However,

histology revealed radiation necrosis, with no viable tu-
mor, surrounding a cavernous malformation (Fig. 1e).

5 years post-WBRT, 3.6 years post-SRS: left cerebellar hemor-
rhagic tumor recurrence mimicking a cavernous malforma-
tion Seven months later, the left cerebellar lesion previous-
ly treated with salvage SRS (Fig. 2a) had hemorrhagic
enlargement with fluid-fluid levels. Given the similar im-
aging appearance to the left frontal SRS-associated cav-
ernous malformation (Figs. 1d and 2b), the presumed di-
agnosis was another cavernous malformation. However,
surgical resection revealed breast adenocarcinoma (Fig.
2c), recurrent despite being controlled for 3.6 years fol-
lowing SRS.

This example highlights that tumor progression, although
unexpected after 3.6 years of local control, is always on the
differential diagnosis.

She unfortunately died of progressive systemic disease,
7 years following her initial WBRT.

Case report #2 A 4-year-old girl had papillary thyroid carci-
noma treated with thyroidectomy. From the ages of 7 to 15,
she had five total treatments of I-131 radioactive iodine abla-
tion for pulmonary metastases. When she was 25 years old, an
MRI demonstrated brain metastases, histologically confirmed
asmetastatic papillary thyroid carcinoma. An intact left frontal
metastasis was treated at an outside institution with an MLC
(multi-leaf collimator)-based linear accelerator SRS plan, with
9 non-coplanar fields, with a 3-mm margin, 20 Gy in 1 frac-
tion to the 80% isodose line covering the periphery of a
3.8 cm3 tumor (conformity index 1.4, maximum dose
25 Gy) (Fig. 3a).

2.0 years following post-resection cavity SRS: SRS-induced
cavernous malformation This lesion progressed 2 years later
as a hemorrhagic mass with fluid-fluid levels (Fig. 3b).
Surgical resection revealed both a cavernous malformation
(Fig. 3c) and metastatic papillary thyroid carcinoma; whether
the cells represented viable tumor could not be determined.
Follow-up imaging 11 months later revealed no tumor recur-
rence within the brain.

Fig. 1 An enlarging hemorrhagic mass following stereotactic
radiosurgery and whole brain radiotherapy: cavernous malformation. A
20-year-old woman had a left frontal breast cancer brain metastasis (a)
treated with WBRT with significant response (b). This same site

progressed 1.4 years later, treated with SRS (c). After being controlled
for 2.9 more years, it became hemorrhagic (d), with resection revealing a
cavernous malformation (e)
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Discussion

Currently, brain metastases are the most common indication
for SRS. The prevalence of SRS treatment is likely to increase,
as WBRT use is decreasing [1] and prospective data supports
SRS alone for up to 10 metastases [31]. Approximately 60%
of patients treated with SRS will develop additional brain
metastases at some point in the course of their disease, neces-
sitating frequent surveillance brain MRIs. Given that patients
with metastatic disease are living longer, post-SRS imaging
changes will become increasingly prevalent. Historically, the
main differential diagnosis of an enlarging lesion consisted of
recurrent tumor or radiation necrosis [27], with both events
potentially occurring many years following SRS [7]. Our
cases highlight that clinicians should also consider SRS-
associated cavernous malformations. Similarly, SRS is asso-
ciated with other rare, acquired vascular entities such as extra-
vascular papillary endothelial hyperplasia (i.e., Masson’s tu-
mor) [5, 12].

Radiotherapy is a known risk factor for acquired or de novo
cavernous malformations. In 1994, Ciricillo et al. first pro-
posed the induction of CMs by irradiation, but through an
unknown mechanism [4]. In 1998, Larson et al. suggested
two mechanisms for CMs associated with radiotherapy [17]:
acquired de novo as a result of radiation or radiographically

occult prior to irradiation with subsequent appearance due to
radiotherapy-induced hemorrhage. Overall, causation is un-
known and further research is needed to determine the rela-
tionship between CM appearance and radiation dosimetry,
time latency, and patient characteristics.

The baseline risk of CM in the general population is largely
uncharacterized but may be up to 0.5% in autopsy and MRI
series [9, 26]. Similarly, the incidence of radiotherapy-
associated CM is unknown. The largest retrospective studies
on CMs induced by conventionally fractionated radiotherapy
included 108, 89, and 76 patients respectively [6, 13, 20]. The
available data are not consistent between reports [6], but there
is a suggestion that CM induction may be higher with greater
irradiation dose [15], younger age [10, 20, 22], or with a
shorter latency with younger age [10].

The reason why cavernous malformations are associated
with fractionated radiotherapy rather than SRS is unknown,
but factors may include underreporting, differences in dosim-
etry, radiobiology, irradiation volume, and, specific to our
brain metastases cases, latency of induction. In 108 children,
the mean latency between cranial radiotherapy and CM devel-
opment was 5 years for patients irradiated in the first decade of
life and 3.3 years for the second decade of life [6]. Prognostic
indices for brain metastases vary widely, suggesting a median
maximum survival of 7–25months [8, 28]. Most patients with

Fig. 2 An enlarging hemorrhagic mass following stereotactic
radiosurgery and whole brain radiotherapy: recurrent tumor. A left
cerebellar breast cancer metastasis was recurrent 1.4 years following
WBRT and treated with SRS (a). After control for 3.6 years, it had
hemorrhagic enlargement (b), with an identical imaging appearance to

the patient’s prior cavernous malformation (Fig. 1d). However, pathology
revealed viable breast adenocarcinoma (c), highlighting that recurrent
tumor, although rare after years of local control, is always on the
differential diagnosis

Fig. 3 An enlarging hemorrhagic mass following stereotactic
radiosurgery: cavernous malformation. A 25-year-old woman had a left
frontal thyroid carcinoma brain metastasis treated with SRS (a). After

2.0 years of local control, a hemorrhagic enlarging lesion (b) was
resected. Histology displayed both a cavernous malformation (c)
admixed with recurrent metastatic papillary thyroid carcinoma
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brain metastases simply do not live long enough to develop
SRS-associated CMs. To our knowledge, the only other cases
of SRS-associated cavernous malformation for brain metasta-
ses were reported by Kleinschmidt-DeMasters et al. [14] and
Iwai et al. [11]. Similar to our case #1, Iwai’s patient
underwent 2 courses of irradiation for a recurrent lung cancer
brain metastasis and developed a CM 2.9 years following the
first course of SRS. In our first patient, the combination of
WBRTand SRSmay have contributed to CM induction; how-
ever, our second patient had only received one course of SRS.

Other reported cases of SRS-associated CMs occurred in
non-malignant diseases such as vestibular schwannoma [19,
24] and AVM [18, 30], where patients survive for the expected
latency period (Table 1). Additionally, a de novo CM follow-
ing SRS for a CM has been reported [32], highlighting the
possible interplay between intrinsic biologic risk and environ-
mental factors such as irradiation.

We did not include a case of a pre-existing CM treated with
SRS [22], nor reports of post-SRS chronic encapsulated he-
matoma [16, 21, 29] or Bradiation-induced organizing
hematoma^ characterized by organizing hematoma rather
than the vascular proliferation of cavernous malformations
[3]. We acknowledge that the histology and terminology of
these post-SRS vascular lesions may not be standardized
amongst neuropathologists. As highlighted by the thoughtful
report and review of radiation-induced cavernous hemangi-
omas or BRICHs,^ Kleinschmidt-DeMasters et al. [14] found
two histological subtypes following cranial irradiation:
cavernoma-like RICHs and coagulum-like RICHs consisting
of Bamorphous coagulum and fibrinous deposits with recana-
lization and formation of aggregates of vascular spaces.^ They
did not find a correlation between type of irradiation (i.e.,
radiotherapy or SRS) and histologic type of post-irradiation
malformation. It is possible that there may be overlap in the
histopathology of these entities. Our report adds to this litera-
ture to allow more definitive classification in the future.

Conclusion

Our patients highlight that an enlarging lesion following SRS
may represent the typical findings of recurrent tumor (at
3.6 years post-SRS in case #1) or radiation necrosis (at
2.9 years post-SRS in case #1). However, we highlight that
the differential diagnosis should also include a hemorrhagic
cavernous malformation (with a 2.9-year latency after SRS in
case 1) or a mixed histology of both recurrent tumor and
cavernous malformation (with a 2.0-year latency as in case
#2). As patients live longer following SRS for brain metasta-
ses, the incidence of SRS-associated cavernous malformations
may increase. We encourage future reports documenting the
long-term side effects of SRS and characterizing post-
treatment imaging changes.
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