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Background: Stereotactic radiosurgery (SRS) is an important treatment option. This report evaluated the
efficacy and safety of SRS in patients with large cerebellum metastases from lung cancer.

Methods: Between September 2016 and January 2020, a total of 44 patients with large cerebellum
metastases >2 cm from lung cancer were evaluated. A median dose of 20 Gy (range, 8-24 Gy) was delivered
in 1 to 3 fractions for SRS treatment. The survival rate was analyzed with SPSS software 21.0 and compared
by log-rank test using the Kaplan-Meier method.

Results: The median overall survival (OS) and neurological progression-free survival (PFS) were
10.5 months (range, 1-32 months) and 9.0 months (range, 1-32 months), respectively. The median diameter
and volume of the metastases were 3.5 cm (range, 2.1-5.7 cm) and 12.5 cc (range, 1.8-39.7 cc), respectively.
The median volume of peritumoral edema was 36.3 cc (range, 3.7-100.3 cc). The median ratio of tumor
volume to cerebellum volume was 8.7% (range, 1.3-27.0%). The median ratio of peritumoral edema volume
to cerebellum volume was 25.0% (range, 2.5-68.6%). Neurological symptoms were present in 97.7% (43/44)
of patients. After SRS treatment, symptoms improved in 83.7% (36/44) patients, stabilized in 11.6% (5/44)
patients, whilst two patients experienced symptomatic progression. Of the latter, one patient accepted
emergency surgery and the other accepted palliative care.

Conclusions: Large cerebellum metastases are amongst the most severe forms of brain tumors. Increased
tumor volume and peritumoral edema volume correlate with the most severe symptoms. SRS may be
an effective alternative treatment for large cerebellum metastases from lung cancer and may preserve

neurological function.
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Introduction

Brain metastases are the most common type of intracranial
tumor, the incidence of which is increasing due to the
improved outcome of systemic therapy and the now
routine use of brain magnetic resonance imaging (MRI)
screening in detecting tumors. The management of brain
metastases is determined by factors such as the number,
location and size of tumors, the volume of peritumoral
edema, and patient factors such as primary diseases factors
and patient age and performance status. A small number of
studies have demonstrated single-session and multisession-
session stereotactic radiosurgery (SRS) to be effective
and safe in treating large brain metastases (1-4), however,
clinical radiation oncologists are cautious about the use of
SRS in their treatment. Although large cerebellum lesions
are often amenable to surgical resection, neurological
function is difficult to restore. Cerebrotomy may also
cause wound complications and leptomeningeal spreading,
especially in the posterior fossa, and delay in establishing
further systemic oncological therapies. SRS may enlarge
peritumoral edema in the cerebellum, leading to severe
neurological complications.

Most studies to date have focused on the diameter or
volume of the lesion in defining the size of brain metastases.
Lesions with a diameter >2 or 3 cm, or volume >10 or 15
cc, have been defined as large in different studies (2,5-7),
however there appears to be no standard definition. Whilst
these studies have paid close attention to tumor size and
volume, the volume and extent of peritumoral edema has,
however, been ignored, in spite of this having a significant
impact on the status of patients and increasing the risk of
adverse effects from SRS.

In this study, we evaluate the efficacy and safety of SRS
in patients with large cerebellum metastases from lung
cancer. As space in the posterior fossa is limited, we define a
tumor as large if it exceeds 2 cm in diameter. The study also
evaluates clinical features, tumor volume and peritumoral
edema volume in these patients.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-2237).

Methods
Inclusion criteria and exclusion criteria

Between September 2016 and January 2020, a total of
44 patients with cerebellum metastases from lung cancer
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were evaluated according to the inclusion and exclusion
criteria as follows: inclusion criteria, (I) age >18 years, with
histologically proven lung cancer; (II) cerebellum metastases
with a diameter >2 cm; (III) receiving SRS treatment.
Exclusion criteria: (I) raised severe intracranial pressure
for which drugs were ineffective; (II) pregnant or breast-
feeding patients.

"The study was approved by IRB of Guangdong Sanjiu Brain
Hospital (No. 2020-020-083) and written informed consent
was obtained from all patients. All procedures performed in
this study involving human participants were in accordance
with the Declaration of Helsinki (as revised in 2013).

SRS

SRS was performed by using iPlan 4.0 treatment planning
system (BrainLAB, Heimstetten, Germany) or Varian
Eclipse treatment planning systems (Varian Medical
Systems, Palo Alto, USA). Patients were immobilized
with a thermoplastic mash mask. Treatment planning CT
images were acquired with a 1.5 mm slice thickness. Brain
MRI including 5.5 mm slices axial/sagittal/coronal T2
FLAIR-weighted sequences, 2 mm slices axial T2 FLAIR-
weighted sequences, 5.5 mm slices axial/sagittal/coronal
T1-weighted gadolinium enhanced sequences and 2 mm
slices axial T'1-weighted gadolinium enhanced sequences
were also obtained. The MRIs images were registered and
automatically fused with the planning CT images in the
treatment-planning system to facilitate the delineation of
the tumor volume (equal to the planning target volume).
The critical organ structures including the brainstem, the
eyes, the lens, the optic nerves and the chiasm would be
delineated. Generally, radiation dose was selected based
on the recommendations from the trial Radiation Therapy
Oncology Group (RTOG) 90-05, with modifications based
on individual cases and considering tumor size, location,
and patient status. We prescribed doses of 16-18 Gy in
single session or 6-12 Gy in two or three daily fractions via
isocenter plans.

Follow-up and statistical analyses

After SRS treatment, each patient was followed up with
neurological and radiological examinations. Follow-up
MRI scans were obtained routinely at 1 to 3 months after
treatment or in the event of neurological deterioration.
The first follow-up brain MRI was reviewed to assess the
post-SRS condition of the brain lesion and its relation to
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neurological symptoms. Treatment response assessments
were based on the Response Assessment in Neuro-
Oncology for brain metastases (the RANO-BM criteria) (8).

Overall survival (OS) and neurological progression-
free survival (PFS) were estimated using the Kaplan-
Meier method calculated from the date of treatment start
to the date of events or the last follow-up. Factors possibly
affecting the survival were tested using the log-rank test
for univariate analysis and the Cox proportional hazards
models with variable selection, which included age, gender,
smoking, symptom, tumor location, numbers of tumor,
status of primary cancer, presence of extracranial metastases,
pretreatment KPS score, Radiation Therapy Oncology
Group-recursive partitioning analysis (ROTG-RPA) class,
graded prognostic assessment (GPA) score, hemorrhage,
hydrocephalus and systemic therapy. All statistical tests were
conducted using SPSS version 21.0. Statistical significance
was set at P<0.05.

Results
Characteristics of patients

The baseline characteristics of this study are summarized in
Table 1. Of the 44 patients, 30 (68.2%) were >50 years old
and 14 (31.8%) were <50 years old. There were 29 (65.9%)
male patients and 15 (34.1%) female. Only 1 patient was
asymptomatic, their tumor being detected during a routine
check, whilst 43 (97.7%) were symptomatic. The KPS
score was >70 in 35 patients (79.5%), and adenocarcinoma
was present in 26 patients (59.1%). The ROTG-RPA
classification saw 5 patients (11.4%) designated as class I,
32 patients (72.7%) as class II, and 7 (15.9%) as class 111
The GPA score was <1 in 10 patients (22.7%), 1.5-2.5 in
21 patients (47.7%) and >3 in 13 patients (29.5%). The
primary cancer was under control in 10 patients (22.7%)
and uncontrolled in 6 patients (13.6%). The remaining
patients (28/44, 63.6%) were newly diagnosed. At the time
of SRS, metastases to organs other than the brain were
present in 19 patients (43.2%). Brain metastases were
located in the subtentorial area in 10 patients (22.7%)
and in both the supratentorial and subtentorial area in 34
patients (77.3%). Hemorrhage was present in 9 patients
(20.5%), and hydrocephalus in 7 (15.9%). The median
number of tumors was 4 (range, 1-24). The median
diameter and volume of the metastases were 3.5 cm (range,
2.1-5.7 ecm) and 12.5 cc (range, 1.8-39.7 cc), respectively.
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The median volume of the peritumoral edema was 36.3 cc
(range, 3.7-100.3 cc). The median ratio of tumor volume
to cerebellum volume was 8.7% (range, 1.3-27.0%). The
median ratio of peritumoral edema volume to cerebellum
volume was 25.0% (range, 2.5-68.6%).

PFES and survival

Of the 44 patients, 2 worsened following SRS. One patient
underwent emergency life-saving surgery and was alive at the
time of writing. The other patient was accepted for palliative
care and died three months later. In the remaining 42 patients,
21 patients achieved the optimal effect of partial response,
and 21 patients achieved stable disease during the follow-
up period. The 6- and 12-month PFS rates were 68.2%
and 31.8% respectively with median neurological PFS of
9.0 months (range, 1-32 months) as shown in Figure 1. None
of the variables tested was predictive of local PFS (Zable 2).

At the completion of the study, 11 patients (25%) were
alive and 33 patients (75%) deceased. Death occurred in
9 patients (27.3%) as a result of neurological progression,
whilst 24 (72.7%) patients died due to progression of
extracranial disease. The OS rate at 6 and 12 months
was 79.5% and 43.2%, respectively (Figure 2). Female,
central ataxia, high GPA score, metastases only located in
subtentorial area (Figure 34), number of metastases <5,
systemic therapy after SRS (Figure 3B) were significant
on univariate analysis (Table 2). Metastases only located
in subtentorial area (hazard ratio, 4.515; 95% confidence
interval, 1.297-15.719; P=0.018) and systemic therapy after
SRS (hazard ratio, 0.227; 95% confidence interval, 0.074—
0.703; P=0.010) were significant risk factors associated with
survival in multivariate analysis. Tumor diameter, tumor
volume and peritumoral edema volume were not significant
with survival in univariate analysis (Table 2).

Neurological and functional outcomes

Focal neurologic deficits such as dizziness, headache, nausea
and vomiting, central ataxia, motor weakness, dysarthria,
epilepsy and visual dysfunction, improved in most of the
patients (7able 3). Two patients reported worsened dizziness,
nausea and vomiting after SRS treatment, whilst one
reported an increase in headaches. The KPS score improved
with a mean pre-treatment KPS score of 72.05 (median, 70;
range, 50-90) vs. a mean KPS score of 74.77 (median, 75;
range, 50-100) after treatment.
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Table 1 Summary of baseline patient characteristics Table 1 (continued)
Characteristics No. (%) Characteristics No. (%)
Age Location of brain metastases
<50 14@1.8) Supratentorial & subtentorial 34 (77.3)
>50 30 (68.2) Subtentorial 10 (22.7)
Gender Hemorrhage
Male 29 (65.9) Yes 9 (20.5)
Female 1534.1) No 35 (77.8)
Symptom Hydrocephalus
Yes 43 (97.7) Yes 7(15.9)
No 123 No 37 (84.1)
Smoking Number of brain metastases
Yes 20 (45.9) 5 31 (70.5)
No 24 (54.5) <5 13 (29.5)
KPS score Tumor diameter (cm), median (range) 3.5(2.1-5.7)
=70 85 (79.5) Tumor volume (cc), median (range) 12.5(1.8-39.7)
<70 9(20.5) Edema volume (cc), median (range) 36.3 (3.7-100.3)

RTOG-RPA class Cerebellum volume (cc), median (range) 143.6 (109.2-176.0)

KPS, Karnofsky performance status; RTOG-RPA, Radiation
1] 32 (72.7) Therapy Oncology Group-recursive partitioning analysis; GPA,
graded prognostic assessment.

I 5(11.4)
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Pathology @
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=
Others 14 (31.8) 8
. £ 0.01
Status of primary cancer ] A 20 %
Controlled 10 (22.7) Times (months)
Uncontrolled 6 (13.6) Figure 1 Kaplan-Meier curve showing intracranial progression-
free survival in 44 patients with large cerebellum metastases.
Newly diagnosed 28 (63.6)
Extracranial metastases
Present 19 (43.2) Toxicity
Absent 25 (56.8) On the basis of the Common Terminology Criteria for
Table 1 (continued) Adverse Events by RTOG, acute toxicities were observed

in 20 patients (grade 1 in 17 patients, grade 2 in 2 patients,
grade 3 in 1 patient). Radiation necrosis was not observed
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Table 2 Pre-SRS clinical symptoms and post-SRS outcomes

Post-SRS outcomes

Pre-SRS clinical symptoms No. (%)
Improved (No.) Stable (No.) Progressed (No.)
Dizziness 29 (65.9) 26 2 2
Headache 28 (63.6) 26 1 1
Nausea and vomiting 20 (45.5) 18 2
Central ataxia 12 (27.3) 7 5
Motor weakness 18 (40.9) 11 7
Dysarthria 1(2.3) 1
Epilepsy 1(2.3) 1
Visual dysfunction 5(11.4) 1 4
1.0 such as tumor locations, size, number, peritumoral edema
volume and the performance of patients may influence
081 clinical decision making.
= .
2 o6 It is generally true that the larger the metastases,
E the more serious the symptoms produced. However,
g 0.4 peritumoral edema, by causing neurological effects, will
© also influence this, particularly when the oedema area is
0-21 larger than that of the tumor. This study revealed tumor
0.0 and peritumoral edema volumes of between 1.8-39.7 cc,
] o e e and 3.7-100.3 cc respectively. The median volume of the

Times (months)

Figure 2 Kaplan-Meier curve showing survival in 44 patients with

large cerebellum metastases.

during the follow-up period.

Discussion

SRS is an effective option in the treatment of large brain
metastases, especially in radiosensitive cancers. The National
Comprehensive Cancer Network (NCCN) guidelines
recommend fractionated SRS in the treatment of brain
metastases >3 cm. Large brain metastases are more abundant
with hypoxic tumor cells than small brain metastases (9,10).
Fractionated administration of the radiation dose is beneficial
to reoxygenation and redistribution of the cell cycle, which
renders hypoxic tumor cells more radiosensitive. In addition,
fractionated SRS minimizes toxicity to late-responding
healthy tissue and decreases the incidence of brain necrosis.
The suitable dose selection and numbers of sessions for large
brain metastases, however, remains controversial. Factors

© Annals of Palliative Medicine. All rights reserved.

peritumoral edema seen accounts for 25% of that of the
posterior fossa. In this limited space, the presence of large
tumors and edema may result in cerebral hernia, oppressing
the brainstem and causing respiratory and cardiac arrest.

The results of this study demonstrate that SRS is safe
and effectively relieves the symptoms of large cerebellum
metastases from lung cancer.

With the exception of two patients, all others achieved
remission of their symptoms. This indicates that tumor
volume reduction alleviating brain edema contributes to
symptomatic improvement (11). However, both tumor
volume and peritumoral edema volume did not significantly
influence survival.

Although surgical resection has been considered an
effective choice for large brain metastases, SRS is an
alternative treatment for patients who have progressive
cancers. Whilst symptoms can be quickly improved by
surgical resection when the tumor is located in a non-
functional area, when in a functional area, post-operative
neurological deterioration may occur. In such cases
postoperative SRS is recommended following resection (12).

SRS can relieve neurological symptoms and systemic
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Figure 3 Overall survival (OS) in relation to: (A) location of brain metastases; (B) systemic therapy after SRS. SRS, stereotactic radiosurgery.

Table 3 Prognostic factors for overall survival and progression-free survival (log-rank test)

(OFS}

PFS

Factor

Hazard ratio (95% ClI)

P value

Hazard ratio (95% ClI) P value

Age
<50
>50
Gender
Male
Female
Central ataxia
Yes
No
Smoking
Yes
No
KPS score
=70
<70
RTOG-RPA class
I
I
1l
GPA score

1.432 (0.659-3.112)

0.349 (0.150-0.812)

2.250 (1.041-4.864)

1.571 (0.766-3.219)

1.731 (0.770-3.890)

1.435 (0.752-2.740)

0.405 (0.243-0.677)

0.365

0.015

0.039

0.218

0.184

0.273

0.001

1.076 (0.331-3.499) 0.903

1.668 (0.509-5.465)

0.398

0.971

1.024 (0.280-3.753)

0.121

0.358 (0.098-1.312)

0.849 (0.188-3.832) 0.831

0.609

0.774 (0.289-2.068)

0.807 (0.365-1.784) 0.596

Table 3 (continued)
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Factor

oS

PFS

Hazard ratio (95% Cl)

P value

Hazard ratio (95% Cl)

P value

Extracranial metastases
Present
Absent
Location of brain metastases
Supratentorial & subtentorial
Subtentorial
Hemorrhage
Yes
No
Hydrocephalus
Yes
No
Number of brain metastases
=5
<5
Systemic therapy
Yes
No
Tumor diameter (cm)
=3
<3
Tumor volume (cc)
=10
<10

Peritumoral edema volume (cc)

>30
<30

1.946 (0.937-4.043)

3.240 (1.102-9.524)

1.443 (0.578-3.605)

1.570 (0.630-3.914)

2.593 (1.228-5.472)

0.110 (0.044-0.276)

1.979 (0.903-4.334)

1.147 (0.570-2.308)

0.942 (0.470-1.886)

0.074

0.033

0.433

0.333

0.012

0.001

0.088

0.701

0.856

1.184 (0.380-3.689)

1.515 (0.411-5.583)

1.722 (0.461-6.435)

1.157 (0.255-5.247)

0.665 (0.147-3.010)

0.405 (0.117-11.395)

0.519 (0.174-1.551)

0.701 (0.229-2.146)

0.750 (0.252-2.234)

0.771

0.533

0.419

0.850

0.596

0.152

0.240

0.534

0.605

KPS, Karnofsky performance status; RTOG-RPA, Radiation Therapy Oncology Group-recursive partitioning analysis; GPA, graded

prognostic assessment.

treatment can prolong the survival of patients with large
cerebellum metastases. In this study, 27% patients died
from cranial disease progression and 73% patients from

extracranial disease progression. Systemic treatment

following SRS was not provided in 29.5% of the deceased

patients thus the results of local therapy to the brain may

© Annals of Palliative Medicine. All rights reserved.

be influenced by extracranial disease progression. Systemic

treatment for primary sites appears to be essential.

Limitation

The current study is a retrospective study with limited
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sample size. The biases of patient selection, treatment and
clinical institution selection exist.

Conclusions

The present results confirm those of our earlier study.
Tumor volume and peritumoral edema volume cause
neurological deficits. SRS for large cerebellum metastases
in lung cancer patients provides effective neurological
palliation with a low incidence of severe toxic effects.
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