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HIEU QUA CUA KY THUAT TACH CUNG TRONG XA PHAU
LAP THE BUOU DI CAN NAO PA O

Ngo6 Trung Nghia", Lé Thanh Quang?

TOM TAT

Muc tiéu: Nghién ctru nay nham danh gid hiéu qua cua ky thudt tach cung so véi ké hoach 5 cung
truyén thong trong xa phau lap thé (SRS) diéu tri di cin ndo da 6. Trong tAm phan tich bao gdm giam
hién tuong cau lidu, bao vé mo ndo lanh va cai thién ty 1& thanh cong cua dam bao chat luong (QA)
trén hé thong TrueBeam khong hd trg HyperAre.

Phwong phap: Hdi ciru 22 bénh nhan (52 6 di cin, 2-4 6 mdi ca) tai Bénh vién Ung budu TP. HCM.
Moi bénh nhan duoc lap hai ké hoach: (1) ké hoach 5 cung VMAT (2 toan cung déng phéng va 3 ban
cung khong dong phang) va (2). ké hoach tach cung VMAT (t01 da 10 cung, c6 dong phang va khong
dong phang, mdi cung bao 1-2 6 gan nhau). So sanh céac chi s6 lidu (D2%, D98%, Dmean, CI, CI50,
HI, GI), lidu ndo lanh (V10%, V25%, V12 Gy), s6 MU va ty 1& QA (2%2 mm, 1,5%]1,5 mm).

Két qua: Ca hai phuong phap déu dat d6 bao phu va d6 phu hop PTV tuong dwong (D2, D98,
Dmean, CI, HI, GI), dap tmg céac tiéu chudn RTOG. K¥ thuat tach cung giam dang ké lidu ndo lanh
(V10% giam 11,95%; V25% giam 13,49%; V12Gy giam 6,65%) va han ché cau liéu, nhung lam ting
s6 MU 1én 1,72 1an. Ty 1& QA cai thién rd rét voi tach cung (31,8% — 100% & mirc 2%2 mm; 9% —
73% & muc 1,5%1,5 mm).

Két luan: VMAT tach cung la lya chon thuc té va hiéu qua trong SRS cho bénh nhan di can nao da
0 trén hé théng khong ho trg HyperArc. Ky thuat nay giup bao vé ndo lanh t6t hon va tang tinh 6n dinh
cia QA ma khong anh hudng den bao phu kh01 u, du thoi gian phat tia dai hon. Day la giai phap dac
biét hitu ich cho cac trung tAm van sir dung nén tang TrueBeam/Eclipse phién ban cii.

Tir khoa: Xa phiu lap thé; di cin ndo da 6; tach cung; dam bao chat lwong ké hoach; VMAT.

'Bénh vién Ung buwéu TP. H6 Chi Minh
2Pai hoc Quéc gia TP. H6 Chi Minh

*Chiu trach nhiém chinh: Ng6 Trung Nghia
Email: ngtngh@gmail.com

Ngay nhan bai: 01/10/2025

Ngay phan bién khoa hoc: 15/10/2025
Ngay chip nhan dang: 30/10/2025
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EFFECTIVENESS OF ARC-SPLITTING TECHNIQUE
IN STEREOTACTIC RADIOSURGERY FOR MULTIPLE
BRAIN METASTASES

ABSTRACT

Objective: This study aimed to evaluate the effectiveness of the arc-splitting technique compared
with the conventional 5-arc plan in stereotactic radiosurgery (SRS) for multiple brain metastases. The
focus was on reducing dose bridging, sparing healthy brain tissue and improving plan quality assurance
(QA) pass rates on TrueBeam systems without HyperArc support.

Methods: A retrospective cohort of 22 patients (52 lesions, 2-4 per case) treated at Ho Chi Minh
City Oncology Hospital was analyzed. Each patient underwent two plans: (1) a 5-arc VMAT plan (two
coplanar full arcs and three non-coplanar half arcs) and (2) an arc-splitting VMAT plan (up to 10 arcs,
each covering 1-2 adjacent lesions, coplanar full arcs and non-coplanar half arcs). Dosimetric indices
(D2%, D98%, Dmean, CI, CI50, HI, GI), healthy brain dose (V10%, V25%, V12 Gy), monitor units
(MU) and QA pass rates (2%2 mm, 1.5%1.5 mm) were compared.

Results: Both techniques provided equivalent target coverage and conformity (D2, D98, Dmean,
CI, HI, GI), consistent with RTOG standards. Arc-splitting significantly reduced healthy brain dose
(V10% reduced by 11.95%; V25% reduced by 13.49%; V12Gy reduced 6.65%) and minimized dose
bridging, at the cost of increased MU (1.72-fold). QA pass rates improved markedly with arc-splitting
(31.8%—100% at 2%2 mm; 9%—73% at 1.5%1.5 mm).

Conclusion: Arc-splitting VMAT is a practical and effective alternative for multiple brain
metastases SRS on systems without HyperArc. It provides superior healthy brain sparing and QA
robustness without compromising tumor coverage, albeit with longer beam-on time. This approach
may be particularly valuable for centers using older TrueBeam/Eclipse platforms.

Keywords: Stereotactic radiosurgery (SRS); multiple brain metastases; plan quality assurance
(QA); arc splitting; VMAT.

1. DAT VAN DE

Xa phau lap thé baing may xa tri gia toc, st dung
bd chuén tryc da 14 MLC hién nay la mot trong
nhitng k¥ thuat xa phau diéu tri di can ndo duoc
ap dung ngay cang nhiéu do c6 nhiéu vu diém,
tién loi so vé6i cac thiét bi xa tri trude dé (Gamma
Knife, Cyber Knife, Linac dung cone...) nhu vi¢c
lap ké hoach mot tdm thay vi da tam, thoi gian xa
trj chi con 5-10 phut thay vi hang gio... Viéc diéu
bién liéu sao cho mot lugng lidu rat cao (6-24 Gy
mdi phan liéu) d6 vao cac 6 di can thé tich nho

(duodng kinh dudi 4 cm) nhung van bao vé dugc
nhiing co quan quy la muc tiéu cia k¥ thuat nay.
Pé dat dugc muc tiéu do, nam 2017, hing Varian
(My) da gidi thi¢u ky thuat HyperArc dung xa
phau trén may TrueBeam. K§ thuat nay sir dung 4
cung VMAT véi goc quay ban diéu tri 1an luot 1a
0°, 45°,270° va 315° tao ra sy két hop phan bd lidu
giita dong phang (coplanar) va khong dong phang
(non-coplanar) giup nguoi lap ké hoach dat duoc
muc tiéu trén. Tuy nhién, khong phai may xa tri
TrueBeam nao cling co thé 1am duoc ky thuat
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nay. Nhitng may xa tri TrueBeam phién ban dudi
2.7 va phan mém 1ap ké hoach Eclipse phién ban
dudi 15 khong ap dung cho HyperArce dugc. Tuy
nhién, d6i voi nhitng hé may nay, ching ta van
c6 thé 1ap ké hoach xa phiu bang 4p dung toan
bo céc thong sd cua ki thuat HyperAre, trir bo ¢d
dinh Encompass.

Khi tién hanh nhu vay, d6i véi nhitng budu
da 6, xuét hién van dé “cau liéu” (liéu noi gitta
cac 6 budu gan nhau) va dam bao chit luong ké
hoach (QA) s& cho ty 18 thanh cong (pass rate) rat
thp (thudng 1a nho hon 90%). Vi thé, nghién ciru

nay dugc thuc hi¢n nham danh gia anh huong vé
lidu luong va dam bao ké hoach xa trj cta viéc st
dung nhiéu cung, mdi cung thuc hién cho 1-2 b
budu so voi viée sir dung 5 cung, mdi cung bao
quanh dong thoi tit ca cac 6 di can.

2. POl TUONG VA PHUONG PHAP
NGHIEN CUrU

Nhom nghién ctu tién hanh hoi ctu trén 22
ca bénh ung thu di can ndo da 6 o (tir 2 - 4 6) voi
téng cong 52 6 di can tai Bénh vién Ung budu TP.
HCM. Dt liéu thong ké bénh nhan dugc thé hién
trong Bang 1.

Bang 1. Théng ké di¥ liéu cua 22 ca bénh dwoc chon nghién ciru

STT Ma bénh S6 6 | Toéng thé tich PTV | Khoang thé tich | Téng liéu S6 )
nhan di can (cc) PTV (cc) (Gy) phan lieu
1 BN1 2 7,30 1,75-5,55 27 3
2 BN2 4 6,40 0,52-3,04 27 3
3 BN3 3 8,05 1,29-4,31 27 3
4 BN4 2 2,84 1,02-1,82 27 3
5 BNS 2 13,45 3,8-9,65 27 3
6 BN6 2 27,19 5,64-21,55 27 3
7 BN7 2 7,48 0,39-7,09 27 3
8 BN8 2 31,65 0,6-31,05 27 3
9 BN9 2 11,63 1,1-10,53 27 3
10 BN10 2 17,99 3,12-14,87 27 3
11 BN11 2 10,91 0,34-10,57 27 3
12 BN12 3 16,55 0,81-9,52 27 3
13 BN13 2 14,34 2,44-11,90 27 3
14 BN14 3 8,80 1,31-5,35 30 5
15 BN15 2 16,25 4,06-12,19 30 5
16 BN16 2 31,26 4,88-26,38 30 5
17 BN17 2 36,74 16,31-20,43 30 5
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STT Ma bénh S66 Tong thé tich Khoang thé tich  Téng liéu L) x
nhan di can PTV (cc) PTV (cc) (Gy) phan lieu

18 BN18 4 22,00 0,54-16,68 30 5

19 BN19 2 24,21 1,22-22,99 30 5

20 BN20 2 38,24 4,26-33,98 30 5

21 BN21 3 21,48 1,07-13,28 30 5

22 BN22 2 34,61 13,62-20,99 30 5

Tat ca 22 ca bénh trén déu duoc lap ké hoach
trén phan mém Eclipse 13.6 ciia hang Varian. Mdi
bénh nhan sé duogc lap 2 ké hoach khac nhau duoc
minh hoa trong Hinh 1:

Hinh 1. Hinh dang cung xa gém 2 toan cung va
3 ban cung

- K& hoach sir dung 5 cung: Chi gdm 5 cung
xa, bao gdm 2 toan cung khong quay ban va 3 ban
cung co cac goc quay ban lan luot 1a 45°, 270° va
315° nhu Hinh 1.

Mbi cung c6 trudng chiéu bao lay toan bo cac
0 di cdn ndo (Hinh 2a).

- Ké hoach tach cung: Mdi cung xa c6 truong
chiéu chi bao lay mot hodc hai 6 budu (¢ gan sat
nhau), toi da c6 thé c6 10 cung xa (do gi6i han cia
phan mém Eclipse 13.6), c6 ca quay ban va khong
quay ban véi goc quay nhu ké hoach 5 cung...,
(Hinh 2b).

Hinh 2. Truong chiéu bao Iy nhiéu buéu (a) va bao ldy mot buéu (b)
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Tt ca nhitng ké hoach déu dong nhat vé thong
sd cung xa (goc quay collimator, chum tia FFF
6 MV suit liéu 1.400 MU/phut, khoang cach giira
cac ngam (jaw) v6i budu 1a 2 mm...), théng sb
tinh liéu, thuat toan tinh lidu AAA... Quy trinh
danh gia chat luong ké hoach (QA) trén EPID sé&
dugc thé hién trén phan mém Portal Dose. Céac ké
hoach sau khi da tinh liéu va QA s& duogc danh gia
va so sanh, kiém dinh T-test.

Thu thap sb liéu: Nhom nghién ciru da tién
hanh thu thap nhiing s liéu trén 52 6 di can nhu
duoi day:

- Liéu luong vao budu: Liéu nhan dugc trén
2% va 98% thé tich (D2 va D98), liéu trung binh

Dmean trén mdi thé tich cua mdi 6, lidu cuc dai
Dmax buéu nhan duoc[1], [5].

- Liéu vao ndo lanh (thé tich ndo sau khi true
di the tich PTV): So sanh the tich ndo lanh nhan
10%, 25% heu chi dinh va 12 Gy véi tiéu chi cang
thap cang t6t [2], [6].

- Nhiing chi s6 danh gia ké hoach: CI (chi 5O

phu hop thé tich nhén lidu), HI (chi s6 dong nhat
lidu), GI (chi sb suy giam liéu) [3], [4].

- $6 MU (monitor unit) mdi ké hoach tinh
ra duoc.

- Ty 1€ QA thanh cong (%).

Cong thirc tinh va y nghia nhiing chi sd trén
duogc trinh bay nhu Bang 2 sau:

Bang 2. Chi sé dénh gié liéu vao thé tich dich

Chi sé M6 ta Céch tinh Tieu | opao nhan
chuan
D2% Lidu vao 2% thé tich dich DVH 107-130% liéu chi dinh
D98% Lidu vao 98% thé tich dich DVH > 95% liéu chi dinh
Dmean | Liéu trung binh vao thé tich dich DVH > 100% liéu chi dinh
- Mtrc d6 phu hop clia ving lidu The tich Isodose 100% 14 | 0.9-1hodc
100% so v&i thé tich dich Thé tich PTV ’ 1,2-2
N 2 re 0, .
CI50 Mtrc d6 phu hop cla vung liéu Thé tich Isodose 50% 3.75 Cang thap
50% so v&i thé tich dich Thé tich PTV ’ cang tét
5 AR A6 U3 nhAn hé A0 fra Gia tri liéu cuwc dai
HI b6 dong nhaE v,e phgn bo liéu trén e . <125 <9
the tich dich Gia trj liéu cwc tiéu
Mdrc d6 suy giam liéu khi ra khoi Thé tich Isodose 50%
Gl Jiam s h <3 3-5
the tich dich Thé tich Isodose 100%

Xt 1y sb liéu: Nhom ‘nghién ctu s€ so sanh
mirc d6 thay ddi gitta k& hoach 5 cung va tach
cung bang cach so sanh cac cp tri trung binh, rit
ra nhan xét.

10

3. KET QUA

Liéu vao PTV: Tri trung binh cua gid tri lidu
vao 2%, 98’% the tich PTV, liéu trung binh cﬁe}
PTV... & ke hoach 5 cung va tach cung dugc thé
hién trong Bang 3.
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Béng 3. Gié trj trung binh liéu vao PTV
Tiéu chi RO 5 cung Tach cung Giatrip

D2 Gia tri (%) 125,96+0,62 125,63+0,52 0,24

D98 Gia tri (%) 107,05+0,31 107,08+0,26 0,45
Dmean Gia tri (%) 116,72+0,45 116,73+0,33 0,48

Cl Gia tri 1,484+0,038 1,490+0,040 0,32

CI50 Gia tri 5,462+0,338 5,211+0,305 <0,01

HI Gia tri 1,286+0,008 1,283+0,006 0,22

Gl Gia tri 3,5657+0,134 3,387+0,112 <0,01

Theo tiéu chuan RTOG 90-05 va RTOG
93-05, 5 ti€u chi D2%, D98%, Dmean, CI, HI cua
hai loai ké hoach (5 cung va tach cung) déu c6 gia
tri trung binh gan nhu 13 nhu nhau, khong c6 sy
chénh 1éch dang ké. Chi ¢6 2 tiéu chi CI50 va GI
thay d6i c6 y nghia vé mat thong ké.

Ngoai ra, c¢6 3 ca xuat hién cau liéu 50% khi

1ap ké hoach 5 cung khi cac 6 di cin & qua gan
nhau (du6i 4 cm). Hién tugng nay hoan toan
khong c6 khi 1ap ké hoach tach cung.

[

Liéu vao ndo lanh dugc xét ¢ ba tiéu chi V10%,
V25% va 12 Gy dugc trinh bay trong Bang 4.

[

Hinh 3. Ving liéu 50% liéu chi dinh ctia ké hoach 5 cung (A) va ké hoach tach cung (B) trén cung It cat

Bang 4. Thé tich ndo lanh nhan 10%, 25% liéu chi dinh va 12 Gy

Loai ké hoach

Tiéu chi 5 cung Tach cung Khac biét (%) Gia tri p
V10% (cc) 622,31+54,43 555,88+49,52 10,38%1,74 < 0,01
V25% (cc) 169,99+17,12 149,79+14,83 11,19+1,77 < 0,01
V12 Gy (cc) 63,22+7,15 59,02+6,31 5,64+0,94 <0,01

11
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Két qua cho thay khi xét cac tiéu chi V10%,
V25% va V12 Gy nhan lidu ctia ndo lanh thi viéc
tach cung di giam liéu nhan vao nio lanh dang ké
so voi ké hoach 5 cung va déu c6 y nghia thong

ké (gia tri p < 0,01), trung binh giam dugc tr 5%
den hon 11%.

Tri trung binh cua s6 MU cua 2 loai ké hoach
5 cung va tach cung dugc trinh bay trong Bang 5.

Béng 5. Théng ké s6 MU & hai loai ké hoach

Loai ké hoach Trung binh
5 cung 3373,21+170,94
Tach cung 5801,47+439,34

Ké hoach tach cung cho thay lam ting manh
s6 MU, nhiéu hon so v6i ké hoach chi st dung
5 cung khoang 1,72 lan, din dén thoi gian phat
tia 1au hon.

Toan bd cac ké hoach sau khi tinh toan vé liéu
lugng s€ duge dem di dam bao chat luong (QA)
nham dam liéu thyc té khi phét tia s€ dat yéu cau
nhu ltc tinh toan trén phan mém Eclipse.

Bang 6. Théng ké két qué dam béo chét long ké hoach, murc sai léch 2% 2 mm

Loai ké hoach Trung binh [%] Ty lé ké hoach dat Giatrip
5 cung 92,55+1,04 7122 (31,82%)
< 0,01
Tach cung 98,4610,23 22/22 (100%)

Gia trj trung binh cua ty 1& diém do dat yéu
cau & ké hoach tach cung cai thién hon so voi
ké hoach 5 cung khoang 6%. Tuy nhién, ty 18 ké
hoach dat & nhém ké hoach 5 cung chi la 31,82%,
trong khi & nhom ké hoach tach cung 1a 100%.
Nhu vay, co thé théy 13 ké hoach tach cung xa cai
thién keét qua QA ké hoach rat manh so v&i nhém
ké hoach 5 cung.

Dé danh gia 15 hon vé kha ning dat két qua
dam bao chat lugng cua cac ké hoach, nghién ctru
da nang murc danh gia sai I¢ch tir 2% 2 mm sang
1,5% 1,5 mm. Thong ké duoc thé hién chi tiét &
Bang 7.

Bang 7. Théng ké két qua dam bao chét lvong ké hoach, mirc sai léch 1,5% 1,5 mm

Loai ké hoach Trung binh [%] Ty lé ké hoach dat Giatrip
5 cung 85,67+1,52 2/22 (9,09%)
< 0,01
Tach cung 96,19+0,42 16/22 (72,78%)

Véi yéu cau chat ch& hon, nhém‘ké hoach ‘géch
cung van to ra hiu qua khi dat gan 73% s6 ké
hoach. Trong khi d6 nhém ké hoach 5 cung c6 s6
k& hoach dat lai rat thap (chi khoang 9%).

4. BAN LUAN

Céc chi s6 D2%, D98%, D__, CI, HI hau nhu

12

khong thay d6i & ca hai loai ké hoach. Chi s
CI50 va GI vé gan gia tri t6i uu & ké hoach tach
cung, c6 ¥ nghia thong ké. Nhu vay dya trén 7
chi s6 nay, ta co thé n6i nhom ké hoach tach cung
van dat dugc hiéu qua diéu tri nhu & ké hoach su
dung 5 cung.
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Khi ciac PTV ¢ qua gan nhau (khoang cach
gitta hai mép ria PTV dudi 4 cm), ké hoach
5 cung da xuat hién 3 ca co cau lidu dudi 50% liéu
chi dinh. Tuy nhién, hién tuong nay hoan toan
khong xuét hién & ké hoach tach cung do MLC
va jaw bao phu ting 6 PTV, ngdn chan ro tia lidu
thap. Trong khi d6, ké hoach 5 cung chi c6 MLC
bao phit PTV. Tir 40, c6 thé danh gia k§ thuat tach
cung tang kha ndng bao vé moé lanh hiéu qua hon
s0 v6i ké hoach 5 cung.

K¢é hoach tach cung gitp giam dang ké thé tich
ndo lanh nhén licu thap (V12 Gy, V10% va V25%)
s0 voi 5 cung. Diéu nay gitip giam nguy co bién
chung lau dai cho mdé ndo lanh [6]. N6 cling phu
hop voi nghién ctu cua Johan Sundstrom nam
2025, khao sat trén 26 ca thi thay ké hoach tach
cung, giam V12 Gy tir 49 cc xubng con 26 cc [7].

Ké hoach tach cung lam ting gan gip doi
s6 MU so v6i ké hoach 5 cung. D6 1a vi véi mdi
cung trong ké hoach 5 cung 6 thé tach, ta s& co
nhiéu cung xa mai. Moi cung xa dugc tach niy
c6 thiét 1ap vé “dudng di” nhu ¢ ké hoach 5 cung
nhung sé& chi tip trung vao mot thay vi nhiéu khoi
u. Do do, thoi gian phat tia s€ kéo dai hon.

Ké hoach tach cung c6 su cai thién rd rét trong
két qua dam bao chat luong so véi ké hoach
5 cung. Dbi véi cac ké hoach st dung 5 cung xa,
cac trudng chiéu phai bao lay tir 2 - 4 6 budu.
Luc nay truong chiéu mo rong, MLC _phai diéu
bién dong thoi cho nhidu budu, 1am xut hién cac
duong 1o lidu. Doi véi cac ké hoach tach cung,
mdi trudng chiéu nhoé hon do chi bao 1dy mot
budu muyc tiéu. Qua trinh diéu bién lac nay dién
ra doc lap gitta cac budu, ngam ciing khong md
tai nhitng vi tri ndm giita cac budu. Két qua la
lleu vao budu & ké hoach tach cung s& tip trung
t6t hon, han ché xay ra hién tugng ro lidu tai ving
thé tich nam gitra hai budu, dan dén két qua QA
cho ty 1€ thanh cong cao hon.

5. KET LUAN

Nghién ctru cho thay k§ thuat tich cung trong
xa phau lap thé di can ndo da 6 mang lai loi ich
vuot trdi so voi ké hoach 5 cung truyén thong.
Phuong phap nay gitip han ché rd rét hién tuong
cau lidu, giam thé tich ndo lanh nhén lidu thap va
cai thién dang ké ty 1& thanh cong QA, trong khi
van duy tri hiéu qua bao phu va kiém soat khi u.

Mic du s6 MU va thoi gian phat tia ting 1én,
ky thuat tach cung la gidi phap kha thi va an toan,
dac bi¢t phu hop cho cac trung tam chua dugc
trang bi HyperArc nhung van st dung hé thong
TrueBeam/Eclipse phién ban cli. Do do, phuong
phap nay nén dugc can nhic ap dung thudng quy
trong thyc hanh 1am sang nhiam nang cao chat
luong diéu tri va giam nguy co bién ching lau dai
cho bénh nhan.

TAI LIEU THAM KHAO

[1]. Orit  Kaidar-Person et al. (2018).
Hypofractionated and Stereotactic Radiation
Therapy - A Practical Guide, Springer
International Publishing AG.

[2]. M.Gérard et al. (2017). Contraintes de
dose en radiothérapie conformationnelle
fractionnée et en radiothérapie stéréotaxique
dans les hippocampes, le tronc cérébral
et D’encéphale: limites et perspectives,
Cancer Radiotherapie: Journal de la Societe

Francaise de Radiotherapie Oncologique,
21(6-7):636-647.

[3]. Edward Shaw et al. (2000). Single dose
radiosurgical  treatment of  recurrent
previously irradiated primary brain tumors
and brain metastases: final report of RTOG
protocol 90-05, International Journal of
Radiation Oncology Biology Physics, 47(2),
291-298.

13



L3/ 7ap ehi

UING THU HOC_Sé 80.2025

TONG QUAN

[4].

14

Viét Nam

Souhami et al. (2004). Randomized
comparison of stereotactic radiosurgery
followed by conventional radiotherapy with
carmustine to conventional radiotherapy
with  carmustine for patients with
glioblastoma multiforme: report of Radiation
Therapy Oncology Group 93-05 protocol,
International Journal of Radiation Oncology
Biology Physics, 60(3), 853-860.

. Redmond et al. (2021). Tumor control

probability of radiosurgery and fractionated
stereotactic radiosurgery for brain metastases,

[6].

[7].

International Journal of Radiation Oncology
Biology Physics, 110(1), 53-67.

Y.R.Lawrence et al. (2010). Radiation Dose-
Volume Effects in the Brain” (Int J Radiat
Oncol Biol Phys;76(3 Suppl):S77-84). DOI:
10.1016/].1jrobp.2009.02.091

Johan Sundstrom et al. (2025). Partitioning
of multiple brain metastases improves
dose  gradients in  single-isocenter
radiosurgery. arXiv preprint. doi:10.48550/
arXiv.2504.16534



