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Abstract

Background: Approximately 20—-30% of all intracranial metastases are located in
the posterior fossa. The clinical evolution hinges on factors such as tumor growth
dynamics, local topographic conditions, performance status, and prompt intervention.
Fourth ventricle (V4) compression with secondary life-threatening obstructive
hydrocephalus remains a major concern, often requiring acute surgical intervention.
We have previously reported on the application of adaptive hypofractionated Gamma
Knife Radiosurgery in the acute management of critically located metastases, a
technique known to us as rapid rescue radiosurgery (3R). We report the results of
3R in the management of posterior fossa lesions and ensuing V4 decompression.

Case Descriptions: Four patients with V4 compression due to posterior fossa
metastases were treated with 3R by three separate gamma knife radiosurgical
sessions (GKRS) over a period of seven days. Mean V4 volume was 1.02 cm?® at
GKRS 1, 1.13cm?at GKRS 2, and 1.12 cm?® at GKRS 3. Mean tumor volume during
the week of treatment was 10 cm? at both GKRS 1 and 2 and 9 cm?® at GKRS 3. On
average, we achieved a tumor volume reduction of 52% and a V4 size increase
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of 64% at the first follow-up (4 weeks after GKRS 3). Long-term follow-up showed Website:
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V4 decompression, and limited radiation-induced toxicity. This surgical procedure
may become an additional tool in the management of intractable posterior fossa
metastasis with V4 compression.
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INTRODUCTION

The posterior fossa harbors 20-30% of all intracranial
metastases.!'"?2*¥! These tumors are often neurologically
impairing and potentially life-threatening. The most
common primary origin is lung cancer, breast cancer,
malignant melanoma, renal cell carcinoma, and colorectal
and gynecological cancers.™ Their clinical presentation
and evolution is mainly dependent on the lesion’s
location and growth rate. Symptoms may arise from focal
compression of the cerebellum and vital brainstem nuclei,
tonsillar herniation, and increased intracranial pressure
due to obstructive hydrocephalus. The latter conditions
often require emergency surgical procedures aiming to
remove the threat of acute neurological impairment
and death. Similar to their supratentorial counterparts,
the management of posterior fossa metastases include
microsurgery, radiotherapy, and systemic treatment.
In general, the last-mentioned treatments aim to
extend the survival and retain the quality of life as the
overall prognosis for patients with these lesions remains
poor, ' particularly in the case of intrinsic brainstem
metastases.™ We have previously reported the benefits
of applying adaptive hypofractionated gamma knife
radiosurgery (GKRS) in the acute management of
aggressive/critically located metastases;***!) the application
of this procedure in next-to emergency conditions and
in strict structured settings has been coined rapid rescue
radiosurgery (3R). The present case series describes the
results of 3R in terms of prompt decompression of the V4,
subsequent avoidance of hydrocephalus, and preservation
of neurological function during treatment and follow-up.

MATERIALS AND METHODS

Patients

Four  patients diagnosed  with  posterior  fossa

metastasis and underlying V4-compression underwent

3R-intervention between November 2013 and August

2016. The treatment’s main goals were:

1. Achieve prompt V4 decompression and tumor ablation
from the week of treatment to the first follow-up
magnetic  resonance imaging (MRI)  (generally
4 weeks after treatment completion)

2. Analyze the sustained decompressing effects on the
V4, including avoidance of hydrocephalus

3. Analyze eventual development of adverse radiation
event (ARE) up to the last follow-up MRL

With previous institutional and ethical approval, we
conducted a retrospective analysis of all medical records,

as well as corresponding imaging and Leksell Gamma
Plan (LGP) volume data.

Table 1 summarizes the key general criteria for all
reviewed and treated cases [age, gender, tumor histology,
target location, and Karnofsky performance score (KPS)/
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Table 1: Key clinical data at GKRS 1

No. Age Sex Target location

Primary malignancy KPS/RPA

1 41 F  |Intrinsic brainstem Lung adenocarcinoma  90/1-2
lesion

2 67 M  Extrinsic brainstem Malignant melanoma 60-70/2-3
lesion

3 61 F Intrinsic brainstem Qvarian carcinoma 60/3
lesion

4 75 M  Extrinsic brainstem Mesothelioma 70-80/2
lesion

recursive partitioning analysis (RPA)]. The average age of
the patients was 61 years (range, 41-75 years).

Inclusion criteria according to field of treatment

* Brainstem radiosurgery: Intrinsic and extrinsic
brainstem metastases with radiological signs of V4
compression (with or without perilesional edema)
and the following criteria:

1. Patients who were not candidates for microsurgical
removal, other forms of radiotherapy, or systemic
treatment targeting the intracranial lesion at hand

2. Metastases assessed as not suitable for single
fraction GKRS (SF-GKRS): V, . >1 cm’ when
applying a peripheral prescription dose of 16-18 Gy
with prior radiotherapeutic focal impact (such as
WBRT) or Vi >3 cm’ when applying a peripheral
prescription dose of 16-18 Gy without previous
radiotherapy

3. KPS at least 70 and RPA of 1-2 when possible.
However, exceptions were considered (KPS <70,
RPA 3) in cases of V4 compression requiring acute
salvage of neurological function and/or avoidance
of neurological death (“compassionate” treatment).

* Non-brainstem radiosurgery: infratentorial lesions
nonadjacent to the brainstem but with compressive
impact on V4 (with or without perifocal edema),
with the following inclusion criteria:

1. Patients not candidates for microsurgical removal,
other form of radiotherapy, or systemic treatment
targeting the intracranial lesion at hand

2. Metastases requiring a peripheral
dose of at least 18 Gy but not suitable for
SF-GKRS due to volume-constrains (Gross
Tumor Volume=GTV >8-10 c¢m?®). Lesser
volumes (GTV <8 ecm’®) were considered for 3R if
local clinical conditions and radiobiological variables
demanded it (such as previous radiotherapy,
extensive perilesional edema, and the degree of
regional eloquence)

3. KPS at least 70 and RPA of 1-2 when possible,
although exceptions could be considered (KPS <70,
RPA 3) in cases aiming to avoid further neurological
deterioration and subsequent neurological
death (compassionate treatment).
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Treatment protocol

Treatment  settings  were  structured on  three
separate GKRS delivered during a period of 7 days
(every 60-72 hours). Prior to ecach GKRS, the Leksell
G-frame (Elekta AB, Stockholm) was affixed to the
head using local anesthesia (lidocaine + adrenaline).
MRI was thereafter acquired on a 1.5 GE Discovery
450 MR camera (General Electric) with the fiducial box
applied to the respective G-frame before each GKRS.
The stereotactic MRI protocol for each patient included
sagittal T1-weighted spin echo, axial T2-weighted propeller
and post-gadolinium (0.4 ml/kg of Dotarem 279.3 mg/
ml, range 20-35 ml) contrast-enhanced (CE) axial
T1-weighted fast spin echo, and three-dimensional (3D)
Tl-weighted FSPGR MR sequences. The stercotactic
images at each fraction had the main purpose of (1)
acquiring a fiducial-based stercotactic space, (2)
delineating the GTV, V4 boundaries and the brainstem
on postcontrast Tl-weighted 3D volume sequences, (3)
identifying the extension of underlying perilesional
edema (T2-weighted series), and (4) creating a highly
conformed dose plan.

All images were carefully reviewed by experienced
neuroradiologists and gamma knife surgeons prior to
treatment planning (LGP treatment planning system,
version 10.1.1, Elekta instruments AB, Stockholm).
No margins were added to the GTV. Each CGKRS
treatment plan was carefully conceived and approved
by a team of experienced gamma knife surgeons and
medical physicists. Prescription doses at ecach GKRS
were based on a set of treatment-feasibility variables
including clinical/performance status, tumor histology,
radiosensitivity-surrogate properties corresponding to the
treated tumor and adjacent organs at risk (OAR), tumor
volume, prior intracranial radiotherapy with local impact
on the GTV, and degree of response to previous intra/
extracranial radiotherapy. For cach GKRS, prescription
doses were set at a low isodose line (35% line) to
maximize/boost dose distributions inside the tumor while
keeping dose increment to the surrounding healthy tissue
as steady or limited as possible. Prescription doses were
dynamically adapted to tumor volume changes during
treatment course. First follow-up MRI with corresponding
clinical follow-up was set at 4 weeks after treatment
completion.

Clinical summaries

Case 1

A 4l-year-old, nonsmoking female was initially diagnosed
with metastatic TTI-1 positive lung adenocarcinoma
in 2011. She underwent radiotherapy for her primary
lesion as well as several lines of systemic treatments
with initially positive but later mixed response. In
March 2013, the patient reported symmetric sensory
symptoms with numbness and tingling around her lips
and limbs which eventually caused impaired balance.
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Brain MRI revealed more than 20 supra and infratentorial
metastases including one to the left in the pons (M)
and signs of leptomeningeal carcinomatosis. The lesion
in the pons (MI) had central necrosis and measured
25 X 30 X 26 mm at the time of diagnosis. The
patient started high-dose systemic corticosteroid therapy
and was treated the same month with whole brain
radiation therapy (WBRT) with a dose fractionation
of 4 Gy delivered over 5 consecutive days (4 Gy X 5).
A follow-up MRI in July 2013 revealed volume reduction
of all intracranial metastases including the pontine
lesion (M1). The ensuing follow-up MRI in October 2013
demonstrated progression of M1 from 19 mm to 27 mm
and slight V4 floor compression without hydrocephalus.
A previously known small metastasis in the left lateral
occipital lobe (M2) showed signs of progression as well.
All other metastases were deemed under control at this
point. To avoid further neurological impairment and V4
obstruction due to tumor growth and/or posttreatment
ARE, M1 was treated by 3R in November 2013 [Table 2].

At the time of GKRS 1, M1 proved larger (9.2 cm’)
with further perilesional edema and more apparent
V4 floor compression, though still without signs of
hydrocephalus. M2 had also grown slightly (from 10 to
12 mm in diameter) and was treated by SF-GKRS with
21 Gy to the 50% isodose prescription line. Apart from
slight fatigue, left-sided facial numbness, and tingling the
patient reported no other symptoms at the time of GKRS
1; at this stage, her KPS was estimated to be 90 and the
RPA to be 1-2.

Despite ongoing cortisone treatment, the perilesional
edema remained nearly unchanged between GKRS 1 and
GKRS 3; cortisone treatment was discontinued shortly
after completion of GKRS 3. Nevertheless, V4 proved
slightly wider at the time of GKRS 3 (from 0.9 cm’
at GKRS 1 to 1.2 cm? at GKRS 3) and the tumor had
decreased approximately 18% in volume (from GKRS
1 to GKRS 3). At I-month follow-up, the patient was
almost asymptomatic (KPS 90-100); the corresponding
MRI revealed a significant reduction of tumor volume of
approximately 67% (from 9.2 ¢cm’® at GKRS 1 to 3.1 c¢m’
at the first follow-up) as well as renormalization of V4
boundaries (0.9 cm’ to 1.7 cm’) [Table 2; Figure 1].

M1 developed a local ARE radiologically verified by
MRI (follow-ups between March and November 2014)
as well as SF-FDG PET-CT (April and December 2014),
which subsequently yielded without cortisone 6 months
later (October 2014). Despite the above, the patient

Table 2: Treatment data for patient 1

Patient 1 GKRS 1 GKRS 2 GKRS 3 1%t follow-up
Dose/Isodose 6.0 Gy/35% 6.0 Gy/35% 7.0 Gy/35% N/A
Tumour volume 9.2cc 9.3cc 1.6cc 3.1cc
V4 volume 0.9cc 1.2cc 1.2cc 1.7cc
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remained next to asymptomatic from her treated lesion
during the follow-up. Unfortunately, systemic treatment
eventually failed; the patient underwent SF-GKRS for
several metastases (distant to M1 and M2 boundaries)
from April to November 2014; her condition deteriorated
steadily in December 2014, and she subsequently died
in February 2015 (15 months after 3R) mainly due
to intrathoracic tumor progression. Her quality of life
was overall good from the time of 3R treatment and
12 months onwards.!""

Case 2

A 67-year-old previously healthy male presented in
September 2011 with a 3-week history of fatigue,
dizziness, balance impairment, left-sided motor/sensory
deficits, and transient mainly right-sided headache. Brain
CT and MRI demonstrated a 25-mm large metastasis
in the superior left cerebellar hemisphere (M1) with
slight compression of the brainstem in addition to three
smaller metastases in the right frontal lobe and one in
the left occipital lobe. Further investigations revealed a
small pulmonary lesion which was deemed unlikely to be
the primary tumor. A stereotactic biopsy was, therefore,
performed on one of the frontal lesions to establish
a definitive diagnosis; the microscopic evaluation
demonstrated a metastasis from malignant melanoma
with underlying BRAF-mutation.

Three weeks after the biopsy, the patient underwent
GKRS for all metastases. At the time of treatment, his
neurological condition had deteriorated with increasing
paresis of the left leg requiring assisted mobilization
by wheelchair (KPS 60-70; RPA 2-3). The stercotactic
MRI at GKRS 1 revealed a short-interval significant size
increase of M1 to 37 mm (approximately 15 cm?®) with
central necrosis and slight surrounding edema despite
ongoing corticosteroid therapy. V4 proved now deformed
and partially compressed though without radiological
evidence of hydrocephalus. The lesion was assessed as
mnaccessible for microsurgical decompression. Due to the
size of the lesion and high risk for ARE in the brainstem,

o ». . - |
Figure I: Patient I, MRl Contrast enhanced (CE) 3D TI: Axial,
coronal and sagittal images (left to right) illustrate decreasing
tumour volume and V4 decompression from GKRS | (above) to
first follow up 4 weeks after GKRS 3 (below)
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M1 was adaptively treated by means of 3R [Table 3];
the remaining four lesions were treated with SF-GKRS.
During the three-part treatment time M1 experienced a
tumor reduction of almost 10% (from 15.1 at GKRS 1 to
13.8 cm’ at GKRS 3); V4 volume increased slightly (from
0.83 cm’® at GKRS 1 to 0.93 c¢cm’® at GKRS 3). The dose
fractionation schedule is described in Table 3. The first
follow-up MRI was planned 4 weeks after the third GKRS;
because of increased headache/dizziness and to assess the
need for post-GKRS systemic treatment the examination
was performed 10 days earlier than planned (MRI at
3 weeks).

Although volume assessments by LGP were technically
not possible on this particular MRI due to image artefacts,
M1 had higher signal on T2 with a more necrotic
appearance whereas V4 remained almost unchanged.
However, with supportive/ongoing corticosteroid therapy,
the patient recovered some balance and strength in his
left leg shortly after his examination; systemic antitumoral
treatment (BRAF inhibitor dabrafenib) was started at this
stage. A new follow-up MRI at § weeks revealed decreased
volume of M1 (41% compared to MRI at GKRS 1) and
diminished compression of V4 (volume of V4 increased
from 0.83 cm’® at GKRS 1 to 1.43 cm® at 8 weeks)
[Figure 2]. Local edema had diminished. The remaining
treated lesions were under control. However, a CT scan at
10 weeks was performed due to general deterioration over
the previous few weeks; the examination demonstrated
new areas of hemorrhage and surrounding edema
adjacent to two frontal metastases which were treated
with SI'-GKRS, and slightly increased edema surrounding

Table 3: Treatment data for patient 2

Patient 2 GKRS 1 GKRS 2 GKRS 3 2" follow-up*
Dose/Isodose 8.5 Gy/35% 8.5 Gy/35% 9.0 Gy/35% N/A
Tumour volume  15.1cc 15.1cc 13.8cc 8.9cc
V4 volume 0.8cc 0.9cc 0.9cc 1.4cc

*V4 and tumour volumes are, for this particular patient, based on images acquired
8 weeks after GKRS 3 due to issues with the image quality of the first follow-up
images

Figure 2: Patient 2, MRI (CE 3D TI): Axial, coronal and sagittal
cross-sections (left to right) illustrate decreasing tumour volume
and V4 decompression from GKRS | (above) to second follow up 8
weeks after GKRS 3 (below)
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M1 although with stable V4 conditions. Ile died 2 weeks
later (10 weeks after GKRS) in palliative care. No autopsy
was performed. According to the available medical data,
the patient might have died of extracranial tumor activity
and possible intracranial complications.

Case 3

A 62-year-old female patient was diagnosed in 2005
with ovarian carcinoma. She underwent surgery, several
lines of antitumoral treatment, and regional fractionated
radiotherapy prior to developing metastases to regional
lymph nodes as well as peritoneal carcinomatosis (2008).
In January 2016, the patient presented with 2-week history
of nausea, vomiting, impaired balance and speech, severe
swallowing difficulties, and sensory symptoms. The brain
MRI demonstrated a large, solitary, 20-mm metastasis
in the upper part of the medulla oblongata (Ml)
without significant perilesional edema, yet compressing
the foramina of Luschka and Magendie with signs
of mild hydrocephalus [Figure 3]. Corticosteroid
therapy was initiated shortly thereafter. Microsurgical
removal/debulking of the metastasis were deemed not
feasible and 3R was offered after multidisciplinary
in-hospital discussion. At the time of GKRS 1 in
February 2016, KPS was estimated to be 60 and RPA
3. The corresponding dose fractionation schedule is
described in Table 4. No tumor volume reduction or V4
decompression was noted between GKRS 1 and GKRS
3. A follow-up MRI at 4 weeks revealed a 54% decrease
in the size of M1 (4.8 cm® at GKRS 1 to 2.2 em’® at
follow-up). V4 volume increased (1.56 cm’® at GKRS 1
to 2 cm’ at follow-up), and the foramina of Luschka and
Magendie were less compressed [Figure 3]. There was no
evidence of hydrocephalus. The patient’s neurological
condition also improved dramatically at this time and
KPS was estimated to be 70. The dysphagia, nausea, and
vomiting disappeared, and she could articulate much
better. Nevertheless, no considerable improvement in
balance was reported. The patient continued systemic
antitumoral treatment. Consecutive, initially monthly
and later bimonthly radiological follow-ups until

s -

Figure 3: Patient 3, MRI (CE 3D TI): Axial, coronal and sagittal
images (left to right) illustrate decreasing tumour volume and V4
decompression from GKRS | (above) to first follow up 4 weeks
after GKRS 3 (below)
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September 2016 (7 months after 3R) showed further
volume decrease of M1. However, the patient developed
mild radiation-induced perilesional edema (assessed as
ARE) 5 months after treatment which slowly progressed
until her last MRI at 7 months (September 2016) though
without evidence of hydrocephalus. At this time, the
patient was experiencing mild facial numbness almost
solely limited to her right cheek and the right side of
the jaw. The patient was also experiencing some more
fatigue and balance impairment than usual although it
was difficult to assess whether it was caused by the lesion
itself and/or other factors such as aggressive systemic
tumor progression, ongoing systemic treatment, and
steroids. Nevertheless, despite the presence of perilesional
edema, we assessed her neurological status and quality of
life in relation to M1 as stable. She died 7 months after
completion of 3R-treatment due to aggressive extracranial
tumor disease progression.

Case 4

A 75-year-old man was diagnosed in June 2016 with
right-sided  pleural desmoplastic mesothelioma. He
had a previous history of smoking and exposure to
asbestos as well as substantial underlying cardiovascular
comorbidity. Curative treatment was deemed not feasible.
While awaiting palliative antitumoral treatment, the
patient experienced impaired balance, severe rotational
vertigo, nausea, and vomiting. Brain CT and MRI in
July 2016 revealed a solitary 20-mm metastasis with
slight surrounding edema in the left middle cerebellar
peduncle and extending along the tentorium (MI).
V4 was minimally compressed without hydrocephalus.
Corticosteroid therapy was initiated but microsurgery
was deemed not feasible due to previous cardiovascular

Table 4: Treatment data for patient 3

Patient 3 GKRS 1 GKRS 2 GKRS 3 1+t follow-up
Dose/Isodose 7.0 Gy/35% 7.0 Gy/35% 8.0 Gy/35% N/A
Tumour volume 4.8cc 5.1cc 5.1cc 2.2cc
V4 volume 1.6cc 1.4cc 1.4cc 2.0cc

Figure 4: Patient 4, MRI (T1-GAD): Axial, coronal and sagittal
cross-sections (left to right) illustrate decreasing tumour volume
and V4 decompression from GKRS | (above) to first follow up 4
weeks after GKRS 3 (below)
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morbidity.  Systemic  palliative  chemotherapy — was
initiated and he was referred for GKRS as no other
treatment options remained available for MI1. The
patient underwent 3R-intervention for his solitary lesion
in August 2016. KPS was estimated as 70-80 and RPA
as 2 at GKRS 1 during steroid treatment de-escalation.
KPS subsequently improved to 80 at GKRS 2 and
90-100 at GKRS 3 despite decreased steroid dose. M1
underwent a volume reduction of 22% between GKRS
1 and GKRS 3 (10.2 em’® to 7.9 c¢m’) while V4 volume
increased from 0.79 ¢cm?® to 0.93 cm’® (21%). One-month
follow-up with clinical assessment and MRI revealed mild
fatigue presumed due to ongoing systemic antitumoral
treatment (KPS 90) though without major neurological
impairment, and substantial tumor volume reduction of
almost 50% (10.2 ecm® at GKRS 1 to 5.6 cm® at 4 weeks
after GKRS 3). V4 volume had also increased significantly
(from 0.79 e¢m® at GKRS 1 to 1.31 cm® at 4 weeks)
[Figure 4]. A follow-up MRI at 3 months showed a small
suspected recurrence with mild surrounding edema at the
inferior aspect of the previous radiation field which was
successfully treated in December 2016 along with ten new
metastases; all eleven lesions were treated with SF-GKRS.
No clinical signs of neurological deficits or radiological
evidence of ARE were reported. The patient died
6 months after completion of 3R due to an aggressive,
drug-resistant pneumonia.

RESULTS

Figures 5 and 6 illustrate V4 and tumor volume
dynamics throughout treatment until first follow-up
MRI for all cases. V4 volume increased between GKRS
1 and 2 for cases 1 and 4 and remained essentially
unchanged for the other two patients. V4 volumes
remained constant between GKRS 2 and 3 for all
patients. V4 volumes increased between 30% and 8§4% at
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MRI (usually 4 weeks after GKRS3) for all patients. Case | = red
line, Case 2 = blue line, Case 3 = green line,and Case 4 = brown line
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1** follow-up MRI compared to GKRS 1 [Figure 5]; the
average V4 volume increased at 1** follow-up MRI was
61%. The largest increase of V4 volume was observed
in the patient with lung cancer metastasis (case 1)
whereas the least V4 volume increase was found in
the patient with ovarian cancer metastasis (case 3).
V4 volume estimates between the first follow-up MRI
and the last follow-up MRI remained stable, indicating
that the decompressive effects on V4 (due to tumor
regression) occur time wise within 4 weeks after
treatment completion [Tables 5 and 6].

Tumor volume estimates between GKRS 1 and GKRS 2
remained practically constant for cases 1 and 2, increased
slightly for case 3, and decreased significantly in case
4. Further volume reduction for cases 1, 2, and 4 was
demonstrated between GKRS 2 and GKRS 3, and tumor
volume remained stable for case 3. All four cases presented
significant tumor volume reduction at I follow-up
MRI [Tables 2-4 and 7]; average tumor volume reduction
between GKRS 1 and 1 follow-up MRI was 52% [Figure 6].
The largest tumor volume reduction was observed in case 1
whereas the smallest reduction was in case 2.

Both cases with intrinsic brainstem lesions (case 1 and
case 3) developed an ARE, though without radiological
impact on the V4 or major clinical impairment up to last
follow-up MRI. The above mentioned ARE was identified
4.5 months after treatment completion in case 1 and

Table 5: Summary of V4 volume-evolution at GKRS 1,
first follow-up MRI and last follow-up MRI

Patient GKRS 1 (cm®) 1t follow-up (cmd)

Last follow-up (cmd)

1 0.9 1.7 (4 weeks after RS 3) 1.7 (12 months)
2 0.8 1.4 (4 weeks after RS 3) 1.4 (2 months)
3 1.6 2.0 (8 weeks after RS 3) 2.3 (7 months)
4 0.8 1.3 (4 weeks after RS 3) 1.2 (4.5 months)
12 ’ r . T r
Tumour
@ === Case 3- —@
— 10@e===ZZZ--==@.__ N
2 N S~ \:\:C\aSSZ‘ N
o \‘\.\ N Case 1 - AN \\
Q o8} ~~‘Case4~_.\ AEON
;8 ‘\\ \\
° DS
(0] NG \\
g 06 \\\ \\\t:“
o N Je
> \ \
NI )
04 | N A
) k }
- o~ © S
2 2 2 i
3

Figure 6: Tumor volume dynamics at each fraction and at Ist
follow-up MRI (usually 4 weeks after GKRS 3) for all patients.
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Case 4 = brown line
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Table 6: Summary of key clinical data for each patient

http://www.surgicalneurologyint.com/content/9/1/112

No. Age Sex Target location Primary malignancy KPS/RPA Tumour V4 volume ARE Survival (months)**
volume increase (%)
decrease (%)

1 41 F Intrinsic brainstem Lung 90/1-2 -66 84 Yes (4.5 months) 15.1
lesion adenocarcinoma

2 67 M  Extrinsic brainstem Malignant melanoma 60-70/2-3 -41 73 No 3.3
lesion

3 61 F Intrinsic brainstem  Ovarian carcinoma 60/3 -54 31 Yes (2 months) 8.3
lesion

4 75 M  Extrinsic brainstem Mesothelioma 70-80/2 -45 67 No 6.9
lesion

Column 6: KPS and RPA at GKRS |. Column 7 and 8: tumour volume reduction and V4 volume increase from GKRS | to last follow-up. Column 9:ARE development in months

after GKRS 1. **Column 10: survival from GKRS | to death in months

Table 7: Treatment data for patient 4

Patient 4 GKRS 1 GKRS 2 GKRS3 1+t follow-up
Dose/Isodose 8.0 Gy/35% 8.5 Gy/35% 9.0 Gy/35% N/A
Tumour volume 10.2cc 8.8cc 7.9cc 5.6cc

V4 volume 0.8cc 1.0cc 0.9cc 1.3cc

2.0 months in case 3. Median survival from GKRS 1 to
death was 7.6 months. Median V4 volume increase and
tumor volume decrease from GKRS 1 to last follow-up
was 70% and —50%, respectively.

DISCUSSION

General aspects

Despite modern medical technology, the treatment of
aggressive and/or large posterior fossa metastases remains
a major challenge, particularly in acute/subacute settings.
These neoplasms often lead to serious neurological
impairment due the contentious nature of tumor kinetics
involved at local and distal sites. V4 compression and
subsequent obstructive hydrocephalus is a common
mass cffect-dependent complication requiring prompt
intervention to relieve rapidly increasing and potentially fatal
intracranial pressure.! Damage to cranial nerve nuclei and
circumscribing motor and sensory fibers remains an issue.
Serious disseminative complications such as leptomeningeal
carcinomatosis and sceding/drop-metastases to the spinal
canal resulting from infratentorial metastatic activity have
also been described.*# Consequently, posterior fossa
metastases (with or without hydrocephalus) often require
aggressive, tailored intervention, including microsurgery,
preoperative CSF-diversion due to life-threatening/rapidly
developing obstructive hydrocephalus prior to microsurgery,
radiotherapy, and systemic treatment such as chemotherapy
and targeted therapy.!*!632#

Microsurgery: Decisive factors
IFrom a general perspective, the management of
infratentorial brain metastases has significantly improved

over the last decades due to a range of strategic factors
including the development of high-performance imaging,

safer  microsurgical  techniques,!*##31 advanced
intraoperative  neurologic  monitoring,"*!  optimized
patient  selection, and modern postsurgical care.

Microsurgery followed by adjunctive radiotherapy to
the surgical site is widely regarded as the ideal upfront
management of single large brain metastases.!M0132431:4
However, as in our series, microsurgery in the posterior
fossa may not always be feasible for a number of reasons,
including aggressive tumor infiltration, local anatomical
conditions, degree of regional eloquence (such as the
brainstem), synchronous metastatic activity, comorbidity,
and RPA-surrogate factors.*# In general, posterior
fossa location remains associated with poorer survival,
particularly in the presence of metastasis-induced
hydrocephalus; this is likely related to the fact that
posterior fossa lesions differ from supratentorial
metastases in terms of symptoms, clinical outcome,
radiological evolution, and complications.*!*) Reviewing
708 cases that underwent resection of brain metastases,
Chaichana et al. identified 140 patients subjected to
posterior fossa surgery. Cerebellar location was associated
with poor survival and increased spinal recurrence; in
this study, radiation was reported to be the common
denominator in prolonged local and distal progression-free
survival.l!

Post-microsurgery complications requiring
CSF-diversion procedures

Even if microsurgery is deemed feasible in many
cases, complications are not uncommon. The complex
postoperative evolution intrinsic to posterior fossa
tumors includes the potential impairment of normal
CSF  flow dynamics and consequent hydrocephalus
development; postoperative  CSF  leakage (with or
without hydrocephalus) and its subsequent risk of deep
infections (meningitis, ventriculitis) are also potential
complication after surgical procedures involving the
posterior fossa.>™  As confirmed by a number of
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studies, postoperative CSI' diversion procedures such
as shunt-based interventions and endoscopic third
ventriculostomy (ETV) are often required for the above
cases. Ferguson et al. conducted a retrospective review
of 55 cases having undergone surgery for tumors of
V4 (1993-2010); 22% of patients required CSF-diversion
following resection.”” The group concluded that
patients having required intraoperative ventriculostomy,
transvermian approach, and <18 years of age were
more likely to require postoperative CSE  diversion.
A retrospective study including 92 patients operated for
posterior fossa metastases reported 14 patients (15%)
developing hydrocephalus after surgery, 9 of which
required  CSF  diversion.™!  Another  retrospective
analysis of 22 resected V4-ependymomas reported
a shunt-dependent hydrocephalus rate of 18%. Six
patients (27%) developed cranial nerve palsy, 2 of which
resolved in time.!*!

Although clinically effective in the management of
elevated intracranial pressure, CSF-diversion procedures
are not free from complications. The rate of shunt
failure after ventriculoperitoneal (VP) shunt placement
remains a concern and shunt revisions can be required
within the first 6 months after shunt placement.!'”**
Some studies have reported the overall VP-shunt failure
rate to be around 15%.1"*# The main etiologies of
shunt dysfunction include shunt blockage (due to the
presence of blood or high levels of protein in CSI),
shunt infection, shunt migration, and CSF ascites.!'”) The
latter may lead to more complicated situations including
further obstruction and/or the development of serious
infectious processes in the CNS.* Different groups have
suggested that factors such as age (pediatric and older
age group), CSF-diversion prior to shunt-placement and
previous neurosurgery (among others) are associated
with shorter shunt survival and shunt revisions.*** ETV
1s widely regarded as a good alternative to shunting;
while the overall efficacy of ETV procedures seem
comparable to VP-shunting, complication rates (during
and after ETV-interventions) remain significantly
lower. B4 However, this method requires experience
and skill, optimal pre-operative planning, and suitable
postoperative  care  due to complex anatomical
conditions.>>*! Reported ~ complications  include
neurovascular injuries (including basilar artery rupture),
endocrinologic  abnormalities, electrolyte imbalances,
CSF-leakage, and deep infection.”  Although most
complications are transient and relatively infrequent, the
risk of severe and permanent ETV-induced morbidity is a
variable that cannot be disregarded.*!>!

Other complications associated with microsurgery
As described earlier, different groups have reported on
the risk of leptomeningeal metastases/discase (LMD)
after microsurgery.'®*! Sucki et al. studied 379 patients
with  posterior fossa metastases having undergone
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resection (n = 260) or radiosurgery (n = 119); LMD
was reported in 33 patients (26 in the resection group
and 7 in the radiosurgery group). The authors concluded
that there is an increased risk for LMD after piecemeal
resection of posterior fossa metastasis but not with en-bloc
removal.®) Although most commonly seen in children
after posterior fossa tumor resection, sporadic cases of
cerebellar mutism in adults have also been reported; this
syndrome include complete absence of speech without
impaired consciousness, other cranial nerve deficits or
long tract signs. Mean time of onset is approximately
48 hours and average duration is 7-8 weceks; recovery
is usually spontaneous but long-term language/speech

dysfunctions remains a comparable issue in children and
) P
adults alike %%

3R: A treatment option when microsurgery is
deemed not indicated

From our viewpoint, microsurgery and subsequent
radiation delivery to the cavity (with or without
CSF-diversion  procedures) remain the fundamental
management of posterior fossa metastases. But as
pointed out carlier, treatment alternatives neced to
be made available and employed in sclected cases
where microsurgery is deemed not be possible. For
the latter cases, a more aggressive and custom-made
radiotherapeutic approach may be considered. WBRT,
once the frontline management of choice, is increasingly
being avoided due to the risk of long-term complications
including  cognitive  impairment!!1*?0321and  its
questionable efficacy in the face of more radio-resistant
tumors. In terms of tumor control and radiation-induced
local toxicity, SF-GKRS has proven effective in the
treatment of small metastatic lesions™***# including
those with radioresistant histologies.®*! However, in
the case of larger unresectable metastases outside
brainstem boundaries (generally >8-10 cm?®) and
dose-volume dependent intrinsic brainstem metastases,
the effectiveness and safety of SF-GKRS remains a
topic of vivid discussion, particularly in the face of ARE
development. 202125271 Linear Accelerator (LINAC) and
Gamma Knife-based hypofractionated regimens have
proven more effective in balancing the need of local tumor
control and limited/acceptable toxicity,[0:142225:29.39:40.42.50]

The authors of this article have previously reported the
use of gamma knife-based adaptive hypofractionation
in the acute management of critically located, large,
aggressive metastases,™™#! a procedure known at our
institution as Rapid Rescue Radiosurgery (3R). In general,
3R is a minimally invasive, MRI-guided procedure
aiming to manage life-threatening, neurologically
impairing neoplasms by achieving next to comparable
debulking/decompressing  surgery  results  within  the
course of treatment (days) and immediate follow-up
time (weeks)."* Within the confines of the posterior
fossa, 3R covers two surgical fields: (i) brainstem
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radiosurgery  (including both intrinsic and extrinsic
lesions) and (i) metastases outside brainstem boundaries,
including metastatic meningeal lesions (nonbrainstem
radiosurgery). The treatment’s key element relies on
dynamically adapting peripheral prescription doses and
tumor bed dose distributions to ongoing tumor volume
changes during the week of treatment. The latter allows
the radiosurgeon to increase dose heterogeneity and
achieve dose escalation within tumor bed limits with
almost surgical precision while sparing circumscribing

normal brain tissue.[**!

As described elsewhere, linear quadratic (LQ)-model
based calculations are of utmost importance to determine
tolerable biologically effective dose distributions in
normal tissues in relation to necessary ablative peripheral
dose prescriptions.”?*#] Based on our experience and
previous reports,!203404) tumor  histopathology and
corresponding radiosensitivity as well as RPA surrogate
factors (particularly KPS and control over primary
tumor) might have played a role in the outcome of 3R
in terms of tumor volume reduction, subsequent increase
in V4 volume, and hydrocephalus prevention. Finally,
development of ARE occurred in both cases with intrinsic
brainstem lesion (cases 1 and 3) within 6 months of
treatment. The latter was expected, particularly in case
1 due to prior WBRT and subsequent radiation delivery
constraints. Interestingly, both patients were clinically well
despite the development of perilesional edema. For case
1, the edema yielded without cortisone treatment. For
case 3, the edema remained but without major impact
on her neurologic function. Yet, the development of
perilesional edema despite dose hypofractionation might
indicate that single fraction GKRS would not have been
the best or safest option in terms of radiation-induced
toxicity. The results of cases 1 and 3 concur with our
experience regarding other intrinsic brainstem cases
treated with 3R and will be the subject of a subsequent

paper.
CONCLUSION

In our case series, 3R procedures proved effective in
achieving rapid tumor volume reduction, long-lasting
V4 decompression, and subsequent avoidance of
hydrocephalus as well as preservation of neurological
function. As expected, development of ARE after 3R
intervention was seen with brainstem lesions but was
well-tolerated as it did not cause serious neurological
impairment.  The  tumor’s  histopathology  and
radiosensitivity might have played a determinant role in
the outcome of 3R; yet, imaging dynamics during the
week of treatment and throughout follow-up suggest that
the concept of adapting marginal doses and corresponding
dose distributions to tumor volumetric kinetics at
cach GKRS remains a crucial factor to achieve prompt
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tumor regression and subsequent V4-decompression.
Algorithmically, we believe this procedure has the
potential to become a complementary surgical tool
in the acute/subacute decompressive management of
unresectable/life-threatening V4 compressive  brain
metastases. Further prospective studies with focus on the
role of 3R in the management of V4 compression due to
brain metastases are warranted.
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Commentary

Large metastases and the
4" ventricle

This is an interesting and important article, as it offers the
possibility of controlling metastatic lesions compressing
the forth ventricle avoiding open surgery, shunt placement
and dissemination of the malignant cells through the
CSF during surgery. Microsurgery in the location of the
tumors presented here would be too taxing for these very
sick patients and indeed would disseminate the lesions,
as piecemeal resection is performed in the majority of the
cases. Although a small series, the authors followed their
patients well, clinically and with images. They were able
to present to the reader well elaborated figures and clear
demonstration of their treatment efficacy.

The improvement of chemo- and targeted immunotherapy
available now for metastatic brain tumors of diverse
origins calls for a less invasive approach for patients with
large metastatic lesions of difficult surgical access, as are
those compressing the fourth ventricle. Even for those
patients appearing terminal due to large volume tumor
burden in the posterior fossa. Very interesting rescue of
these patients has been possible.”) The longer survival
they are experiencing calls for creative use of radiation to
treat large lesions. Mostly avoiding the deleterious effect
of whole brain radiation therapy in their cognition,!"?
changing the widely accepted paradigm of the last
century that patients with large inoperable metastases
in the posterior fossa were treated just palliatively.
Great interest has appeared on treating lesions with
few fractions of precisely focus radiation, following the
success of radiosurgery for small metastatic lesions.!>*¢!

http://www.surgicalneurologyint.com/content/9/1/112

The authors showed that the Gamma Knife could rescue
patients with very difficult lesions with minimal taxation
to their quality of life. Others supported such approach
using this and different technologies.*’! This is a major
improvement on the management of patients with large
posterior fossa metastases.

Antonio De Salles, M.D., Ph.D.

Sao Paulo, Brazil
a.desalles@yahoo.com
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