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Abstract: Intracranial hemangiopericytomas (HPC) are chemotherapy- and radiotherapy (RT)-resistant.

Here, we report on a novel stereotactic radiosurgery (SRS) technique—“Cor Occidere” (Latin), as a

potential strategy of overcoming radioresistance of HPC. A 36-year old female presented to our clinic for

. . d . . . .
consideration of a 3™-course of RT for her recurrent cavernous sinus HPC, following previous cranial RT

at 13 and 5 years prior, and a failed 9 months trial of bevacizumab/temozolomide. The tumor-adjacent

brain stem and carotid artery risked substantial damage given the cumulative RT doses to these organs.

We therefore designed an SRS plan targeting only the tumor core with 16 Gy single-fraction. Despite

underdosing the tumor margin, we achieved stable disease over 25 months, contrasting her responses to

systemic therapies. Achieving tumor control despite a suboptimal treatment that utilized high dose ablation

of the tumor core suggests novel biological mechanisms to overcome radioresistance of HPC.
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Introduction

Hemangiopericytoma (HPC) is a rare neoplasm originating
from Zimmerman pericytes, which are localized at the
musculoskeletal and skin tissues; it can also present with
intracranial involvement in 1% of cases (1). HPC is
notoriously resistant to chemotherapy and radiotherapy
(RT). As such, control rates even despite combination
surgery and adjuvant RT have been dismal, with 50%
reported in some series (2,3).

Here, we present a unique case of recurrent intracranial
HPC in an adolescent female, who had received two prior
courses of high dose RT (as adjuvant post-surgical resection,
and subsequently for salvage), and had to be considered for
a 3" course due to tumor progression. The ability to dose
escalation was however limited by the tumor locality in the
cavernous sinus and the cumulative large doses of RT to the

© Chinese Clinical Oncology. All rights reserved.

Ccco.amegroups.com

critical structures. This demanded a novel approach, which
we termed “Cor Occidere” (targeting the tumor core,
Latin); we intentionally compromised on dose coverage to
the tumor margin, delivering a large ablative radiation dose
to the tumor core using stereotactic radiosurgery (SRS).
With this novel technique, we achieved sustained control of
her treatment-refractory disease, outperforming all lines of
systemic treatment.

Case presentation

Our patient was a 36-year old female who presented to
the SRS service with aggravating clinical symptoms of
multiple left cranial nerve palsies over the III and V2, 3
distributions, which corresponded to her diagnosis of a
recurrent HPC localized at the left cavernous sinus; she
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every 3-6 monthly for surveillance.

Figure 1 Timeline illustrating the type and time interval of treatments received by the patient, with corresponding MRI brain at the time of

progression. Color codes correspond to a new event during the chronology of her disease. CR, complete response; SD, stable disease; PD,

progressive disease; 2D-RT, 2-dimensional radiotherapy; SRT, stereotactic radiotherapy; SRS, stereotactic radiosurgery; VAC, vincristin-

adriamycin-cyclophosphamide combination chemotherapy.

was referred for consideration of re-irradiation following
two previous courses of high dose RT (Figure I). These
were consistent with her presenting symptoms at the time
of initial diagnosis 13 years prior in 2000, which were a
6-month history of diplopia and left facial numbness, with
MRI of the brain revealing a homogeneously enhancing
extra-axial lesion located in the left cavernous sinus.
Differential diagnoses at that time included HPC and
atypical meningioma. She was thus managed by gross total
surgical resection, followed by adjuvant RT of 54 Gy in
30 fractions using 2-dimensional technique (to surgical
bed and R1 disease) upon histopathological confirmation
of a HPC. Post-treatment, she endorsed residual facial
numbness, but annual MRI surveillance indicated stable
radiological findings. Unfortunately, 8 years post-treatment,
she developed asymptomatic radiological progression with
a 1.1x1.7 cm’ left parasellar lesion that was detected on
MRI. The tumor, in spite of its small size, was deemed to
be unresectable due to its adherence to the cavernous sinus
bed. She was thus dealt with a 2™ course of stereotactic RT
(SRT) of 50.4 Gy in 28 fractions delivered to the MRI-
defined gross tumor volume (GTV), which achieved tumor
control based on MRI for 4 years until the presentation in
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2013 (Figure 1).

Prior to the consult for SRS, patient had progressed
through a trial of 8 cycles of bevacizumab/temozolomide
to no effect. In this instance when the tumor is juxta-
opposed to the brain stem, optic nerve, and internal carotid
artery, notwithstanding the fact that these tissues have been
multiply irradiated, optimal dose coverage of the GTV
with a single dose of 18 Gy was not feasible. We therefore
designed a novel SRS plan to intentionally only target
the tumor core (defined by 2 mm-margin from the GTV
margin) with 18 Gy, while compromising coverage of the
tumor margin, restricting the doses to the critical organs to
<10 Gy. Dosimetric indices of our SRS plan are illustrated
in Figure 2.

Remarkably, over a period of 25 months post-
SRS, we observe persistent disease stability based on
3-month interval MRI. Interestingly, the tumor remained
homogenously enhancing, without appearance of central
necrosis. Of note, patient did not report onset of any RT-
related toxicities. Eventually, following the unexpected
prolonged response to SRS, the patient developed a 4"
episode of tumor progression. She failed to respond to a
trial of vincristine, adriamycin, and cyclophosphamide (3

Chin Clin Oncol 2018;7(1):10



Chinese Clinical Oncology, Vol 7, No 1 February 2018

Tumor

Carotid artery
»

L Eye

L Optic nerve

- R Optic fierve
% "Brain stem

~

Page 3 of 5

Figure 2 An illustration of our “Cor Occidere” stereotactic radiosurgery (SRS) approach. (Left, top) 3-dimensional beam eye view of the

tumor in relation to the adjacent critical organs; it shows the juxtaposition of the brain stem and optic nerves/chiasm, with the internal

carotid artery intersecting the tumor itself. (Left, bottom) color-coded panels indicating the corresponding transverse CT slices of the

tumor. (Right) 2-dimensional representation of our SRS plan showing the target volumes and isodose lines (18 Gy, red; 10 Gy, dark blue); we

targeted an intermediate dose of 18 Gy to the tumor core (orange outline), defined as a geometric 2 mm-margin from the tumor periphery

(blue outline).

cycles); she subsequently demised 9 months after from
disseminated leptomeningiomatosis (Figure I).

Discussion

Intracranial HPC is often indistinguishable from extra-
axial meningioma on radiology, but despite the semblance
on appearance, both tumors have widely disparate clinical
behavior. HPC is intrinsically resistant to chemotherapy and
RT (3-5), which is consistent with the high rates of recurrence
that are often observed following first-line surgery with or
without adjuvant RT and limited systemic therapeutic options
(3,6,7). Upon recurrence, salvage RT is thus often the modality
of choice. The best outcomes with salvage RT have also largely
been observed in retrospective small case series using SRS (80—
90% response rates), but several caveats of these studies ought
to be discussed (8-12); in particular, prescribed doses vary
between studies. It is also unclear if radioresistant HPCs are
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sensitive to variations in fraction size, which would influence
the choice between profoundly hypofractionated SRS (>6 Gy
per fraction) or conventionally fractionated RT (1.8-2 Gy per
fraction). While effective, the feasibility of a repeat course of
RT is dependent on a number of factors, including recurrent
tumor volume, critical organs at risk, time interval from
previous RT, and patient functional status (13-15).

Here, we present a recurrent HPC case whose clinical
circumstances called for an innovative approach to
RT delivery. Our treatment planning considerations
included the following: (I) SRS or SRT for delivery; (II)
the minimum dose for efficacy; and (III) the cumulative
exposure to the critical organs, specifically the brain
stem, optic nerves, and the internal carotid artery.
Foremost, a 3" course of conventionally fractionated RT
would have led to extremely high cumulative doses to
the critical organs (BED =167.0 Gy, alpha/beta =3 Gy),
along with the uncertainty of the degree of normal
tissue repair in the time-interval between treatments.

Chin Clin Oncol 2018;7(1):10



Page 4 of 5

Next, given the variation of SRS doses (16-20 Gy)
in the few reported series, we preferred an intermediate
dose of 18 Gy in a single fraction for planning
feasibility. Lastly, in accordance with the absolute
principle of “first do no harm”, we prescribed
conservative dose constraints of D, <10 Gy for the
critical organs (16-18). Nonetheless, given that the
tumor was juxta-opposed to these organs (Figure 2),
achieving full dose coverage while fulfilling the preset
dose constraints was impossible. Our only solution
was therefore to spatially modulate the RT dose to the
tumor; we targeted the tumor core, which was arbitrarily
defined by a geometric-based concept of 2 mm
from the margin. Our simplistic rationale was that
SRS would arrest the most proliferative cells that were
closest to the tumor center that is enriched for oxygen
and pro-survival cellular signals (19,20). We termed
this—Cor Occidere.

Our observations in this unique case raised several
scientific possibilities. The fact that partial irradiation
of the tumor resulted in sustained control of a
radioresistant HPC would suggest the relevance of the
tissue microenvironment in modulating RT-response.
In this instance, transmission of pro-death and cellular
checkpoint signals to the tumor periphery, which were
trigged by ionizing radiation, could have resulted in
overall tumor growth arrest (20). Additionally, large
single doses of RT are also known to activate the anti-
tumor immune signaling cascade, and such tumor-
microenvironmental interactions could have been also
been in play in this instance (19-21).

Conclusions

In summary, our case of recurrent HPC highlights the
limited therapeutic options and unfavorable outcomes for this
aggressive disease. Novel strategies are therefore desperately
needed. Here, we employed an innovative approach of
Cor Occidere SRS; while suboptimal by conventional
standards, we achieved a better than expected outcome and
substantially prolonged the survival of the patient.
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