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Two-Day Fraction Gamma Knife Radiosurgery for Large
Brain Metastasis
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Objective : We investigated how treating large brain metastasis (LBM) using 2-day fraction Gamma Knife radiosurgery (GKRS)
affects tumor control and patient survival. A prescription dose of 10.3 Gy was applied for 2 consecutive days, with a biologically
effective dose equivalent to a tumor single-fraction dose of 16.05 Gy and a brain single-fraction dose of 15.12 Gy.

Methods : Between November 2017 and December 2021, 42 patients (mean age, 68.3 years; range, 50-84 years; male, 29 [69.1%];
female, 13 [30.9%]) with 44 tumors underwent 2-day fraction GKRS to treat large volume brain metastasis. The main cancer types
were non-small cell lung cancer (n=16), small cell lung cancer (n=7), colorectal cancer (n=7), breast cancer (n=3), gastric cancer (n=2),
and other cancers (n=7). Twenty-one patients (50.0%) had a single LBM, 19 (46.3%) had a single LBM and other metastases, and two
had two (4.7%) large brain metastases. At the time of the 2-day fraction GKRS, the tumors had a mean volume of 23.1 mL (range,
12.5-67.4). On each day, radiation was administered at a dose of 10.3 Gy, mainly using a 50% isodose-line.

Results : We obtained clinical and magnetic resonance imaging follow-up data for 34 patients (81%) with 35 tumors, who had
undergone 2-day fraction GKRS. These patients did not experience acute or late radiation-induced complications during follow-up.
The median and mean progression-free survival (PFS) periods were 188 and 194 days, respectively. The local control rates at 6, 9,
and 12 months were 77%, 40%, and 34%, respectively. The prognostic factors related to PFS were prior radiotherapy (p=0.019) and
lung cancer origin (p=0.041). Other factors such as tumor volumes, each isodose volumes, and peri-GKRS systemic treatment were
not significantly related to PFS. The overall survival period of the 44 patients following repeat stereotactic radiosurgery (SRS) ranged
from 15-878 days (median, 263+38 days; mean, 174+43 days) after the 2-day fraction GKRS. Eight patients (18.2%) were still alive.

Conclusion : Considering the unsatisfactory tumor control, a higher prescription dose should be needed in this procedure as a
salvage management. Moreover, in the treatment for LBM with fractionated SRS, using different isodoses and prescription doses
at the treatment planning for LBMs should be important. However, this report might be a basic reference with the same fraction
number and prescription dose in the treatment for LBMs with frame-based SRS.
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INTRODUCTION

Large brain metastasis (LBM) have a maximum diameter of
>2—4 ¢m or a volume of >4-15 cm’. Traditionally, these tu-
mors are treated through surgery and whole brain radiation
therapy (WBRT)"*'*"7****¥ _Although surgery and consecu-
tive postoperative radiation therapy are the main treatment
options for patients with LBM, many of them do not qualify
for surgery because of their general condition, Karnofsky per-
formance scale, age and comorbidities, tumor location or un-
controlled primary cancers, and/or extracranial metastasis™.
Therefore, other treatment options, such as stereotactic radio-
surgery (SRS), are needed for LBM patients.

Although the use of single-fraction SRS to treat small le-
sions can effectively control tumors and spare normal tissue,
the capacity to safely target large tumors with adequate doses
in a single fraction is limited™". Recently, the use of fraction-
ated SRS or a combination of these modalities with conven-
tional treatments has been introduced for LBM manage-

1,5,6,13,20,23,37 . . .« .
. However, they vary widely in prescription

ment
dose and fraction number.

In this study, we used 2-day fraction Gamma Knife radio-
surgery (GKRS) to treat LBM at a radiation dose of 10.3 Gy per

day.

MATERIALS AND METHODS

The study was approved by the Institutional Review Board
(IRB) of Chonnam National University Hwasun Hospital
(IRB No. CNUHH-2023-206).

Between November 2017 and December 2021, 42 patients
(mean age, 68.3 years; range, 50—84 years; male, 29 [69.1%]; fe-
male, 13 [30.9%]) with 44 tumors underwent 2-day fraction
GKRS for large volume brain metastasis. The main cancer
types were non-small cell lung cancer (n=16), small cell lung
cancer (n=7), colorectal cancer (n=7), breast cancer (n=3), gas-
tric cancer (n=2), and other cancers (ampulla of Vater cancer,
endometrial cancer, hepatocellular carcinoma, pancreatic
cancer, pharyngeal cancer, renal cell carcinoma, and small
bowel cancer, n=7). Twenty-one patients (50.0%) had one
large-volume metastasis, 19 (46.3%) had one LBM and other
metastases, and two (4.7%) had large-volume metastases. Of

the 44 tumors, most tumors (n=38) were newly developed,
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Table 1. The characteristics of the patients who underwent 2-day
fraction GKRS for LBM

Characteristic Value
Patient 42
LBM lesion 44
Sex
Male 29(69.1)
Female 13(30.9)
Age (years) 68.3(50-84)
Primary cancers 42
Non-small cell lung cancer 16
Small cell lung cancer 7
Colorectal cancer 7
Breast cancer 3
Gastric cancer 2
Ampulla of vater cancer 1
Endometrial cancer 1
Hepatocellular carcinoma 1
Pancreatic cancer 1
Pharyngeal cancer 1
Renal cell carcinoma 1
Small bowel cancer 1
LBM and other metastasis/metastases 42
OnelLBM 21
One LBM and other metastasis/metastases 19
Two LBMs 2
Previous treatment for the LBMs 44
None 38
GKRS 2
WBRT
GKRS and WBRT

Values are presented as mean (range) or number (%). GKRS : Gamma Knife
radiosurgery, LBM : large brain metastasis, WBRT : whole brain radiation
therapy

and of the remaining six, two locally recurred after GKRS,
two recurred after WBRT, and two recurred after both man-
agements (Table 1).

In this study, LBM was defined as metastasis with a diame-
ter of >3 cm and that occurred only in the cerebral or cerebel-

lar hemispheres.

Two-day fraction GKRS

Two-day fraction GKRS was administered to patients with
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large brain metastases. On the first day, a Leksell stereotactic
frame type G was fixed on the patient’s head under local anes-
thesia, followed by the administration of a contrast medium
and stereotactic acquisition of magnetic resonance T2-weight-
ed, post-contrast images. The images were then transferred to
a planning workstation for GKRS. For each patient, the 3-di-
mensional treatment plan was individualized using the Leksell
GammaPlan version 5.31, 5.32, 5.34, or 9.0 (Elekta Instru-
ments, Stockholm, Sweden). A Leksell gamma knife Perfexion
(Elekta Instruments) was used for irradiation. After the treat-
ment, the patients were moved back to the ward with the Lek-
sell stereotactic frame in place, where they had meals and rest.

Twenty-four hours later, the patients received the same ra-
diation dose using the 3-dimensional treatment plan used on
the previous day. The Leksell stereotactic frame was then re-
moved and the patients were discharged after simple wound
management. For patients with multiple metastasis, additional
metastases were treated on the first day using optimal pre-
scription doses.

At the time of the 2-day fraction GKRS, the tumors had a
mean volume of 23.1 mL (range, 12.5-67.4). A prescription ra-
diation dose of 10.3 Gy was administered on each day, mainly
using a 50% isodose-line. Hence, the fractionated GKRS dose
for LBM was 10.3 Gyx2 fractions. All patients underwent seri-
al contrast-enhanced magnetic resonance imaging (MRI)

scans every 3 months.

Statistics
Statistical analysis was done on SPSS version 20.0 (IBM Inc.,
Armonk, NY, USA), with p<0.05 indicating statistically sig-

nificant differences.

RESULTS

Tumor control and radiation-induced
complications

Follow-up clinical and MRI data were obtained for 34 pa-
tients (81%) with 35 large brain metastases, who had under-
gone a 2-day fraction GKRS.

None of the patients exhibited acute or late radiation-induced
complications during the follow-up. We investigated the 12 Gy-
volume which is known to be related to the radiation-induced

complications. The dose of 12 Gy is equivocal dose of 9.3 Gy
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Fig. 1. Progression-free survival of the 35 large volume metastases that
underwent 2-day fraction Gamma Knife radiosurgery and follow-up.

Table 2. Univariate analysis of the prognostic factors related to the PFS
after 2-day fraction GKRS for large brain metastasis

Prognostic factor PFS (days) p-value

Tumor volume, 20 mL 0.955
<20mL 239+32
>20mL 230432

Tumor volume, 15 mL 0.247
<15mL 19943
>15mL 239+37

50% isodose volume 0.839
<18.8mL 230+29
>18.8 mL 239+36

70% isodose volume 0.622
<7.5mL 238448
>7.5mL 235+26

80% isodose volume 0.846
<3.3mL 239+7
>3.3mL 197+32

Peri-GKRS systemic treatment 0.741
Yes 239+50
No 230+29

Previous brain irradiation 0.019
Yes 85+55
No 238+4

Lung cancer primary 0.041
Yes 435+153
No 230428

PFS : progression free survival, GKRS : Gamma Knife radiosurgery



with two fractions, and they (9.3 Gyx2 volumes) had a median
volume with 34.5 mL (range, 21.0-106.0 mL).

Local control failure was indicated by a tumor volume pro-
gression of more than 120% based on the most recent MRIL
Our analysis revealed a tumor control rate of 48.6% (17 out of
35). The median and mean progression-free survival (PFS) pe-
riods were 188 and 194 days, respectively. The local control
rates at 6, 9, and 12 months were 77%, 40%, and 34%, respec-
tively. Kaplan-Meier analysis revealed the median PES to be
235127 days (Fig. 1).

Kaplan-Meier analysis was used to identify the tumor con-
trol prognostic factors associated with meaningful PFS after
the 2-day fraction GKRS (Table 2). This analysis showed that
the median PFS of tumors with volumes of <20 mL (239%32
days) were similar to those of tumors with volumes of >20 mL
(230£32 days, p=0.955). For tumors with volumes of 15 mL,
tumor control was not significantly different (p=0.247). The
median PES period was 19943 days for tumors with volumes
of <15 mL and 239%37 days for those with volumes of >15 mL.

We additionally investigated if the tumor control was relat-
ed to the various isodose volumes such as 50%, 70%, and 80%
isodose volumes, and the median values were 18.8, 7.50, and
3.3 mL, respectively. PES of tumors with 50% isodose volume
of <18.8 mL (230+29 days) were similar to PFS of tumors
with volumes of >18.8 mL (239136 days, p=0.839). Analysis of
PES of tumors with both 70% and 80% isodose volume were
all similar to those of 50% isodose volume. PFS of tumors
with 70% isodose volume of <7.5 mL (238%48 days) were sim-
ilar to PFS of tumors with volumes of >7.5 mL (235+26 days,
Pp=0.622). PES of tumors with 80% isodose volume of <3.3 mL
(239£7 days) were also similar to PFS of tumors with volumes
of >3.3 mL (197£32 days, p=0.846).

Among the patients who were followed up, 21 patients un-
derwent peri-GKRS systemic treatment. Most of them under-
went cytotoxic chemotherapy (n=19), and the other target
agents (n=2). They had total 22 LBMs. In this investigation,
‘peri-GKRS systemic treatment’ was defined as administra-
tion of systemic agents at least once during the time of from
one month before to months after the 2-day fraction GKRS.
The tumor control of the patients with systemic treatment
during peri-GKRS periods was similar to that of the patients
with no systemic treatments during the same periods. The
PES of the tumors with peri-GKRS systemic treatment was
239+50 days, and the others 230+29 (p=0.741).
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Tumors that recurred after previous irradiation exhibited
significantly shorter median PFS periods when compared
with tumors without prior radiotherapy (85155 days and 238
+4 days, respectively; p=0.019). The primary cancer type cor-
related with tumor control after the 2-day fraction GKRS, and
metastasis of lung cancer origin were associated with signifi-
cantly longer PFS (435%153 days) when compared with other
cancers (230 28 days, p=0.041).

Managing local recurrence and new metastasis
after the 2-day fraction GKRS

After the 2-day fraction GKRS, 19 tumors (42.3%) in 19 pa-
tients showed local progression and all were local tumor re-
currences. None of them were diagnosed with radiation ne-
crosis. To manage these patients, eight underwent a second
GKRS, two underwent WBRT, one underwent surgery, and
the remaining eight patients received palliative care because of
their poor general condition and advanced systemic cancer.
After this procedure, new metastases were detected in nine
patients. Of these, six underwent a second GKRS, whereas
three patients received palliative care because of poor general

condition.

Survival after the 2-day fraction GKRS and causes
of death
After repeat SRS, the overall survival (OS) of the 44 patients
ranged from 15 to 878 days. After the 2-day fraction GKRS,
the median and mean OS periods were 263138 and 174143
days, respectively. Eight patients (18.2%) were still alive (Fig. 2).
Analysis of the cause of death in 36 patients revealed sys-

10| o9 an Al

2 — Censored
0.8 [~
0.6 [

04—

Cumulative overall survival

0.2 —

0.0 -

I I I
0 400 800
Survival (days)

Fig. 2. Overall survival of the 42 patients with large brain metastasis.
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temic complications with or without primary cancer progres-
sion as the main cause (n=25, 69.4%). Local recurrence follow-
ing the use of this technique was associated with the death of
seven patients (19.4%). Newly developed leptomeningeal me-
tastasis caused the death of one patient (2.8%). However, we
could not determine the cause of the deaths of three patients
(8.3%).

DISCUSSION

Here, we used 10.3 GyX2 fractions as the prescription dose.
In SRS, based on the dose-effect relationships in the treatment
of metastatic brain tumors, higher doses exhibit better tumor
control. However, tumor diameter and/or volume is the most
important factor in determining the prescription dose. It is
generally accepted that the size of the tumor is inversely pro-
portional to the prescription dose. Wiggenraad et al.”” sys-
temically reviewed the dose-effect relationship of SRS on
brain metastasis and found that doses of <15 Gy were associ-
ated with a 12-month local control rate of <50%. We, there-
fore, considered 16 Gy as the minimum dose that would be
expected to have effective local tumor control. Radiation cen-
tral nervous system toxicity should also be considered. Shaw

etal.”

reported that the maximum single fraction radiosur-
gery doses tolerated by patients with metastatic brain tumors
were 24, 18, and 15 Gy for tumors with maximum diameters
of <20 mm, 21-30 mm, and 31-40 mm, respectively.

Based on previous reports and our private experiences, we
regarded the minimum effective tumor control dose was as 16
Gy, and the maximum normal brain tolerance dose was 15 Gy
at GKRS for LBM. After considering minimizing the number
of days for which the stereotactic frame was maintained on
the patients, 2 days and one night were chosen. Therefore, we
planned the two GKRS fractions so that each dose fraction
was delivered at 10.3 Gy. The two-dose (10.3 Gyx2) fractions
are equivalent both to single-fraction dose to tumor of 16.05
Gy and to single-fraction dose to brain of 15.12 Gy***”.

The efficacy and safety of SRS in the management of meta-
static brain tumors are widely accepted, particularly for small-

15,19, . .
) However, SRS is considered to

and medium-sized tumors
be inappropriate for large metastatic brain tumors because
paradoxically, they require lower radiation doses to avoid ra-

diation toxicity, which limits local tumor control ™.
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To overcome the modest local tumor control achieved in the
management of LBM while minimizing SRS-associated radia-
tion toxicity, several novel strategies have been explored. Retro-
spective and prospective studies have evaluated the use of hy-
pofractionated SRS™”'*"**"2**™ and staged SRS to
manage LBM, with the aim of increasing the dose to improve
local tumor control while minimizing radiation injury”. How-
ever, the hypofractionated SRS studies reported very variable
tindings on the optimal radiation doses and fractions for each
patient based on tumor volume. In this study, we used fixed ra-
diation dose (10.3 Gy) and fractions (two).

Kim et al.” reported the use of GKRS for large (>3 cm)
brain metastasis. In that study, they used three fractions and
grouped the patients into the 8-, 9- and 10-Gy groups. The pa-
tients’ median tumor diameter and volume were 3.6 cm and
15.9 mL, respectively, and the 6- and 12-month actuarial local
PES rates were 87% and 75%, respectively. Based on their
tindings, they concluded that when compared with doses of
8 GyX3 or 10 GyX3 fractions, a regimen of 9 GyX3 fractions
was associated with favorable tumor control and acceptable
radiation toxicity. Their analysis of complications revealed
that radiation necrosis developed in two patients (12%) in the
9 Gy group, but not in those in the 8 Gy group, which is con-
sistent with our observations.

Park et al.” assessed the use of frameless fractionated
GKRS to treat LBM, whereby variable radiation doses (7-10
Gy) and fraction numbers (3-5 fractions) were used. They
found that over a mean follow-up of 12 months, the local con-
trol rate was 100% and that no patient exhibited radiation ne-

crosis”. Lim et al."” investigated the use of fractionated FSRS

Table 3. The biologically effective doses of recently reported fractionated
stereotactic radiosurgery regimens®**?

One-day Single-fraction  Single-fraction

dosexfraction equivalentdoseto equivalentdose Reference
number the tumor to the brain

10.3Gyx2 16.1 151 Present study
11.6 Gyx2 179 170 &
7Gyx3 145 137 7
8Gyx3 16.4 14.8 g2
8.5Gyx3 173 157 )
9Gyx3 18.2 16.6 Rz
10Gyx3 200 18.3 B2
8Gyx5 223 19.5 2




to treat LBM (with tumor diameters of >3 ¢cm or volumes of
>15 mL) and found a I-year local control rate of 91.7% and an
overall complication rate of 17.2%. Navarria et al.”” assessed
the use of hypofractionated stereotactic radiotherapy (HSRT)
to treat patients with single LBM and found that over a medi-
an follow-up of 14 months, local progression at the HSRT site
occurred in six patients (5.8 %) and that six patients (5.8%)
developed radiation necrosis. We investigated several fraction-
ated SRS methods and converted them into single-fraction
equivalent doses to the tumor and the brain (Table 3).

In our study, the local control rates at 6 and 12 months were
77% and 34%, respectively (median PFS, 23527 days) and
these results seem inferior to the above-mentioned recent

- 15,18,27
studies”

" We suspected that one of the reasons related the
low tumor control rate and shorter PES could be the lower
prescription dose in our study. The result of no radiation-in-
duced complications in our patients also might be related to
the same reason of relatively lower prescription dose. Al-
though a few number of patients and the diversity of primary
cancers may be suspected as other suspected reasons, we re-
garded the prescription dose in this study as the main reason
related to the lower tumor control.

Our analysis revealed a median PES of 235+27 days and OS
of 263138 days. Those periods were similar, and the brain-re-
lated death rate was only 28.6%. Of the patients who experi-
enced local recurrence after 2-day fraction GKRS, 11 (57.9%)
underwent salvage management, such as a second GKRS,
WBRT, and surgery. However, the remaining eight patients
(42.1%) received palliative care because of advanced systemic
cancer.

Although the OS was similar to the PFS, the local control
and PFS were unsatisfactory. The deaths of eight patients
(15.9%) were associated with local tumor control failure.
These observations indicate that this intervention might have
been more offensive rather than palliative as a salvage man-
agement. We think that a higher prescription dose in this
frame-based two fraction setting should be needed. The other
efforts to enhance tumor control of LBMs, using various iso-
doses and different prescription doses to different tumor vol-
umes could be triable techniques. Additionally, we investigat-
ed several fractionated SRS methods and converted them into
single-fraction equivalent doses to the tumor and the brain
(Table 3).
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CONCLUSION

One of the limitation of this investigation was performed
for a few numbers of patients with variable primary cancers.
The other is, although the result of radiation-induced toxicity
was favorable, the tumor control was not satisfactory.

We concluded that a higher prescription dose should be
needed in this procedure as a salvage management. Moreover,
in the treatment for LBMs with fractionated SRS, using differ-
ent isodoses and prescription doses at the treatment planning
for LBMs could be important. However, we think that this re-
port might be a basic reference with the same fraction number
and prescription dose in the treatment for LBMs with frame-
based SRS.
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