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TOM TAT

\Véi gid sir s phdn b thude phéng xa Y-90 trong gan la dong nhat, cc gid tri S dwoc tinh
toan cho gan va mér sé ving co quan, dp dung cho phantom voxel ICRP nam va ni, thuc hién boi
phdn mém GAMOS, duwoc tinh todn dua trén code Geantd. Sau do, thuc hién viéc so sanh gia tri S
tw chiéu cho gan ciia phantom voxel ICRP va phantom hinh hoc tinh béi phan mém OLINDA/EXM.
Cusi cling, gia tri S dwoc hiéu chinh cho nguoi Viét Nam va cdc nuée chau A dwa trén khai luong
gan trung binh theo thdng sé khdo sdt ciia IAEA. Két qua cho thdy c6 suw khdc biét 1om trong viéc
tinh cac gia tri S cho cdc doi twong khac nhau. Sai khac 16n nhat xdy ra véi ngieoi An Bé (trén
60%). Vi nguoi Viét Nam, sai khdc trén 30%. Tir d6 cho thdy can phdi tinh liéu riéng biét cho
tirng doi twong bénh nhan cu thé.

Tir khéa: GAMOS, phantom, gan, gia tri S.

1. Mé diu

Ung thu biéu m6 té bao gan (HCC) Ia loai ung thu phd bién ¢ ngudi trudng thanh, va
la nguyén nhan phd bién nhat giy tir vong ¢ bénh nhan xo gan (Forner, 2012). Bénh c6 lién
quan chit ché dén tinh trang viém gan man tinh, viém gan B va C hay do tiép xtc vdi cac
chit doc nhu ruou hodc aflatoxin (Kumar, 2015). Ngoai ra, dich béo phi dd gép phan 1am
ting viém gan nhiém md, va cudi clng c6 thé tién trién thanh xo hoa, xo gan va HCC
(Axelrod, 2018). Axelrod va von Leeuwen cho rang ti 1& mac HCC da “tang hon gip doi,
tir 2,6 dén 5,2 trén 100.000 dan” trong vong 20 nam qua, véi ti 18 tir vong ting tir 2,8 dén
4,7 trén 100.000 (Axelrod, 2018). Phan 1é6n HCC xay ra ¢ chau A va chau Phi can Sahara,
& nhirng qudc gia ma bénh viém gan B 12 bénh dic hitu va nhiéu nguoi bi nhiém bénh khi
sinh. Ti 1é mic HCC ¢ Hoa Ki va céc nudc dang phat trién khac dang gia tang do su gia
tang cta virus viém gan C. “D tudi trung binh cua ngudi bénh khi duge chan doan ung
thu gan 1 63. Khoang hon 95% ngudi dugc chan doan & d6 tudi tir 45 tré 1én. Khoang 3%
nguoi dugc chin doan bénh trong d6 tudi 35-44, con 2% bénh nhan tré hon 25 tudi. Ung
thu phd bién hon & nam so v6i nit nhung khong 18 i do. Didu nguy hiém d6 13 bénh rét it
triéu chung dién hinh, rat kho phan biét nhu mét moi, chan an hay st nhe, 1am bénh nhan
va bac si dé bo qua. Chuyén sang thoi ki toan phat, bénh nhan s& c6 gan nhu day du cac
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triéu chimg mét moi, sut can, vang da, gan to, xuat huyét niém mac, réi loan ndi tiét. Dén
giai doan di cin, bénh nhin s& ho ra méau, dau nhirc va ¢d nhitng con ha dudng huyét. Tly
vao tinh trang bénh, cac phuong phép diéu tri ¢6 thé 12 phiu thuat, tiém con hay acid vao
khéi u, dt nhiét bang song cao tan, hay vi cau phong xa” (Hoi gan mat TPHCM, 2018).

Theo Dezarn (2011) va Kennedy (2007), viéc st dung cac vi cau dugc gin voi mot
hat nhan phong xa, nhu Y-90, d& dugc nghién ctru tai Hoa Ki tir ndam 2000. Phuong phap
diéu tri béng Y-90 s& dua chét phong xa truc tiép vao mach méau nuéi cac khdi u. Cac hat
vi cau phong xa sé& di theo cac nhanh dong mach nho va phan b khap trong khéi u, 1am tic
c4c mach mau nudi khéi u gan. Cach diéu tri ndy khong chira khoi duoc budu gan, gitp
cho viéc kim hdm hoic thu nhé cac khdi u. Khi str dung phuong phéap diéu tri bang thudc
phong Xa, thi viéc tinh toan liéu lwong phong xa ma cac co quan nhan duoc 1a mot nhiém
vu quan trong, gitip ddnh gid hiéu qua diu tri. Véi phuong phép tinh liéu ma t6 chic
MIRD (Uy ban vé birc xa chiéu trong trong Y hoc) dua ra (Snyder, 1975), dé tinh dugc
liéu hap thu cho mdt co quan, can co duoc thong tin vé hoat do tich liy va gid tri S. Gia tri
S duoc hiéu 14 lidu hap thy ma co quan bia nhan dugc trén mot phan rd phat ra tir co quan
ngudn va dugc tinh toan dya trén phuong phap Monte Carlo. Trong nhitng nim gan day,
nhiéu loai phantom mdy tinh ra d&i phuc vu cho nhiéu muc dich khac nhau. Phantom ICRP
(Menzel, 2008) & Hinh 1a duoc tao thanh dua trén dit liéu y té cia nguoi that, gdm 53 loai
vat liéu va 143 ving céu trac, dic biét co6 nhitng ving cAu trac rat chi tiét nhu da, mat,
mach mau... Kich thuéc voxel 1a 2,137x2,137x8,0 mm® (nam) va 1,775x1,775x4,84 mm?®
(nix) gitp md ta chi tiét cau trac giai phiu cia ngudi, nham phuc vu cho cac cong viée lién
quan dén an toan buc xa.

Trong bai béo ndy, gia sir su phan bd thudc phong xa Y-90 dong nhit trong gan,
chling toi sé tinh gi4 tri S cho gan va mot s viing co quan, ap dung cho phantom voxel CT
ICRP nam va nit, thyc hién bdi phan mém GAMOS (Pedro, 2018), dya trén code Geant4.
Sau d6, so sanh liéu ty chiéu cho gan ctia phantom voxel ICRP va phantom hinh hoc tinh
boi phan mém OLINDA/EXM (Stabin, 2005). Cudi cling, khbi luong gan dugc hidu chinh
theo thdng s6 trung binh cua ngudi Viét Nam va cac nudc chau A duya trén khao sat cia
IAEA nam 1998. Qua d¢, danh gia tic dong cua cdu trac giai phau, su khac biét vé gisi va
thé trang gitra ngudi chau A va da tring anh hudng nhu thé nao dén gia tri S.

2. Phuong phap

Trong bai b&o nay, ching tdi tinh gia tri S cho d6i twong nam va nir truong thanh, s
dung dong vi Y-90. Véi gia sir co quan ngudn la gan ddng nhat véi phan bd hoat d6 Y-90,
chiing t6i tinh gia tri S cho gan va cac co quan khéc trong co thé. Viéc tinh gia tri S dwa
trén phuong phap Monte Carlo. Trong d6, ning luong phat ra tir co quan ngudn duoc hap
thu trong mdi co quan bia dugc ghi nhan. Gia tri S ciia mdi cip co quan “ngudn bia” duoc
dinh nghia 14 lidu hip thy trung binh cua co quan bia trén mot phan ré phét ra tir co quan
ngudn (Snyder, 1975):
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S(biac—ngudn)=Y, —Ai‘z’i(”j:;"g”b")

Trong d6, A 13 ning luong burc xa va @ la ti 16 hap thy ning luong trong co quan bia.
Gia tri S dugc xem 14 yéu t6 “vat 1i” dong vai trd quan trong trong viéc xac dinh tong liéu
ma mdi bénh nhian nhin dugc. Dya vao thdng tin ngudn va bia, gia tri S duoc tinh bdi cac
phan mém dua trén phuong phap Monte Carlo. Cy thé nhu sau:
2.1. Tinh gia tri S cho phantom voxel ICRP 110 bang phin mém GAMOS

Dir liéu vé phantom duoc cung cip dudi dang file text, trude hét phai chuyén d6i
sang kiéu dinh dang anh CT (gd4dcm) cia GAMOS. Sau d6, véi gia sir sy phan bd thude
phdng xa trong co quan ngudn la dong nhat, chiing t6i tao ra cac file anh PET (petgddem).
Tiép theo, tao file hinh hoc (geom) cho biét moi truong dit phantom va gia sir phantom dit
trong moi trudng 1a khéng khi. Cudi cling, tao file input (in) chira cac dudong dan dén cac
file chura thong tin v& ngudn, bia, mé hinh vat I, s6 lich sit m6 phong. Viéc tinh liéu duoc
thuc thi thong qua cac “command line”.
2.2. Tinh gia tri S cho phantom hinh hoc biang phin mém OLINDA/EXM

Day 1a phan mém cho phép tinh lidu vé6i cac thao tac rat don gian. Ngudi st dung chi
can str dung cac tlly chon sin c6 trén giao dién nhu: loai phantom, nhan phéng xa. Trung
tam RADAR d4 phét trién thé hé phantom mdi thay thé cho thé hé cii stylized' ORNL nim
1980-1990. Phantom hinh hoc ¢6 dang nhu Hinh 1b.

Hinh 1. Phantom voxel CT ICRP (a) va phantom hinh hoc ciia phan mém OLINDA/EXM (b)
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Vi chie ning “modify input data”, nguoi sir dung c6 thé thay doi khdi lugng ciia cac
co quan cho phtt hop véi dic diém bénh nhan hon. Chirc ning nay duoc dung dé tinh gia tri S
tw chiéu ciia gan cho nguoi Viét Nam va nguoi chau A. Dir liéu vé thé trang trung binh cta
ngudi Viét Nam va cac nuée chau A duoc thu thap béi IAEA trong chuong trinh nghién ciru
phdi hop vé giai phiu (ICRP) bang phuong phap kham nghiém tir thi (Bang 1) (IAEA, 1998).
Céc céa thé dugc chon 14 nhitng ngudi chét dot ngdt, khong c6 bénh Ii & bat Ki co quan nao
nhu viém, thiéu méu, c6 khdi u... tit ca nhitng nguyén nhan cé xu hudng giy ra thay doi
trong luwong binh thudng cia cac co quan. Nghién ciru ndy thye hién véi muc dich an toan buc
Xa co lién quan dén dic diém sinh hoc ciia Viét Nam va cac nude chau A.

Béng 1. Khoi lwong gan (gam) ciia phantom OLINDA/EXM
va nguwoi trung binh cac nwde chau A

Poi twong Nam Nir
Phantom OLINDA/EXM 1910,00 1400,00
Viét Nam 1417,82 1319,00
Trung Quéc 1356,70 1272,40
An Do 1135,00 1051,00
Indonesia 1155,60 1114,70
Nhat Ban 1598,90 1345,20
Han Quédc 1863,90 1610,90
Philippines 1472,00 1361,00

3.  Kétqua
3.1. Giatri S (Gy) mét sé co quan ciia phantom voxel CT ICRP

Gié tri S tinh cho mdt s6 co quan cho thdy & ca hai gioi, gid tri S 1on nhat 12 gan, vi
khi d6 ngudn va bia tring nhau. Gia tri S cho cac co quan khac nho hon gid tri S & gan rét
nhiéu, Ii do 13 Y-90 1a ddng vi phat 99,99% beta, phin 16n ning lugng duoc hap thu tai noi
phét ra. Cac viing ¢6 Vi tri xa gan thi nhan dugc ning lugng rit nho.

Trong cac co quan trén, khi so sanh vé gidi, ta thdy phantom phu nit ¢6 gia tri S &
hau hét cic co quan (trir tuyén tuy) déu 16n hon phantom nam gigi. Riéng voi gan, gia tri S
cua phantom phu nit 16n hon 22% so véi phantom nam gioi.

Bdng 2. Gia tri S (Gy) mét s6 co quan

Khac biét (%)

Co quan Nam Nir Snit — Snam
Snfr
Gan 7,95.10 1,02.10*® 22,1
Thanh da day 1,15.10% 3,27.10™ 64,8
Da day 3,00.10°% 3,96.10"° 24,2
Tuyén tuy 5,41.10°% 4,45.10™"° -21,6
Thanh tdi mat 1,98.10* 2,29.10™ 13,5
Tai mat 4,08.10"° 5,19.10% 21,4
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3.2. Giatri S (tw chiéu) (Gy) cho gan tinh cho phantom hinh hoc, nguwoi Vigt Nam va
ngwoi chau A trung binh.

Tir két qua tinh gia tri S cho gan so sanh giita cic loai phantom va nguoi chau A
trung binh, ta thiy gia tri S tinh cho nit ludn 16n hon nam. Khac biét 16n nhit 1a gia tri S
tinh cho ngudi An D6 trung binh léch d6i v6i phantom ICRP 13 66% (nam) va 39,2 % (nix).
Gié tri S tinh cho nguoi Viét Nam trung binh léch d6i véi phantom ICRP 1a 32% (nam) va
12 % (n@r). Nguyén nhén gy ra su khac biét 1a cadc phantom ICRP dugc xay dung dua trén
thé trang nguoi phuong Tay ¢6 ciu tric gidi phiu khac biét véi nguoi chau A.

Béng 3. Gia tri S (t chiéu) (Gy) cho gan

Nam Nir
Do léch
. Lo bo léch véi
Poi tuwgng . véi phantom . ¢ fech Vot
Giatri S ICRP GiatriS phantom ICRP
Phantom 7,83.10% 1,07.108
OLINDA/EXM -1,5% 4,9%
Viét Nam 1,05.105 32,1% 1,14.108 11,8%
Trung Quéc 1,10.108 38,4% 1,18.108 15,7%
An Do 1,32.10% 66,0% 1,42.10% 39,2%
Indonesia 1,29.10°% 62,3% 1,34.10% 31,4%
Nhat Ban 9,35.10% 17,6% 1,11.108 8,8%
Han Quéc 8,02.10% 0,9% 0,92.10%® -9,8%
Philippines 1,02.108 28,3% 1,10.108 7,8%

4.  Kétluan

Gia tri S duoc xem 14 yéu t6 vat Ii quan trong trong viéc xac dinh liéu hap thy, tir két
qua tinh S chung t6i thdy chénh léch giira két qua khi tinh cho ngudi Viét Nam léch so véi
phantom ICRP va phantom OLINDA kh4 Ién, dic biét & nam giéi (hon 30%). O cac nudce
chau A khac, sy khéc biét ndy ciing kha 16n, ddc biét 14 An Do (trén 60%). Nhu vay, khong
thé sir dung cac tiéu chuan vé liéu cua cac nudc phuong Tay ciing nhu phuong phéap cép
lidu cb dinh dé ap dung cho ddi twong bénh nhin ¢ Viét Nam ciing nhu cac nudc chau A
khac.

Trong Y hoc hat nhan, dé tinh liéu hip thu cho cic co quan quan tAm, ngoai gia tri S
con phai tinh dén su khac biét vé yéu tb sinh hoc thé hién qua thoi gian luu tra hay hoat do
tich lity phong xa trong co quan ngudn, hinh hoc phirc tap ctia co quan ngudn bia, dic biét
la nhitng co quan rat mong nhu da hay niém mac. Véi cdu trac giai phau va nhitng phan
(g sinh héa trong mdi co thé sdng rat khac nhau chi phdi rat 16n dén két qua tinh lidu hap
thy, 1am anh huong dén hiéu qua diéu tri. Do d6, dé c6 thé dat dugc hiéu qua diéu tri cao
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va cai thién duogc sirc khoe bénh nhan, can phai tinh liéu riéng biét cho timg bénh nhén,
diéu ma hién nay van chua thuc hién dugc ¢ nude ta va nhiéu nude trén thé gioi.

Tuy phan mém OLINDA/EXM cho phép thay doi khdi lwong co quan cho phu hop
Vi dic diém cua ting bénh nhan hon, nhung lai khong thé thay ddi hinh dang cac co quan
va ti 18 hap thu nang lugng, nén ciing chi khic phuc duoc khac biét vé mat khdi luong co
quan chir chua thé tién dén viéc tinh lidu chinh xac cho timg bénh nhan. D¢ tinh liéu cho
timg bénh nhan, can phai c6 thong tin dic diém céu trac mo va sy phan bd thudc phong xa
trén tirg ving cau trac nho trong co thé bénh nhan. V&i sy phét trién ciia anh cit 16p trong
y té, chiing ta c6 thé st dung phan mém GAMOS dé tinh liéu hép thu & muc voxel (nhu
Vi phantom voxel ICRP) cho céc viing cau triic khac nhau cta timg bénh nhan. Trong thoi
gian tiép theo chung toi s& trién khai bai toan nay, trong do6, phét trién mot cong cu van
hanh song song véi GAMOS, nham xac dinh mdi voxel thudc cau triic ndo va tinh liéu cho
C4C CAu triic quan tAm.

% Tuyén bé vé quyén loi: CAc tac gid xac nhén hoan toan khéng c6 xung dét vé quyén loi.
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ABSTRACT

Assuming the distribution of Y-90 in the liver to be homogeneous, the S values for the liver
and some other structures, applying to Adult Male and Female Reference Computational Phantoms
(ICRP Publication 110) were calculated. The process is performed by GAMOS software, based on
the Geant4 code. Then comparing the S values for self absorbed dose to the liver of the ICRP
phantom to those of the mathematical phantom by the OLINDA / EXM software was applied.
Finally, the S values for Viethamese and other Asian people based on average liver mass according
to IAEA were adjusted. Compared to the S values of phantom ICRP, the biggest difference is Indian
(over 60%). With Vietnameses ones, the difference is more than 30%. These results show that it is
necessary to calculate the absorbed dose for each specific patient.

Keywords: GAMOS, phantom, liver, S value.
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