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WE W E R RIT 7 BITFIEEE R VP R RS R, S A AR CSCEREE B, VRO IR A e
AT B TIRTT A S R Ak, A R T BB IR T R S R s AR — e kA . AN T BIARRE
FARYI G B0 RTFFEST  FifRe R, LTS SRR M T 3 BRI AT AT 36 R 4 9, AT A, CT BMER&EE, 1THKX
AR, RS IR RAE SR TR ES T-(400 MeV-u™" PCEYREIATT &I SR T . 18T 455 B
Yilh 3-16 N H, BEVIZE 100%. G975 3 AT T, B MEMEE (CR+PR) N 57.1%, HImiEH 2
(CR+PR+SD)N 100%. 7 2 B 1 1R A M /N D T FET- A, o J0 IR AT s a8t R T AR T
B R R ELERE YT . BRI T, STCF DRSS R RUBCR T R AR, OCH B B iR,
EREMHIRE . BRETIRYT FEEE R T SR, watem, THEHRAER, oTLUENTFARIGIE
B BRI 52 T AR IR I S5 B 4 R T R A 8 R v o7 R B, (RS T H Al g, BEViR R, LK
AT 20800 75 93 191 B R R I £ i 7 g — 25 B AR

REIE MUHATT, EET, ATIEEAE MR
hESES  R735.7, TLI9

JHF 240 P S (HLC.C) 2 thE 5 b i AL D 20 e e
Z—, BESH 662000 #HEET:, Ho—Pk
AR AR E T rhEM, HCC S o [ T 5 5 22 o i
B —, %) 90%M BFHEAEME MR L. HT
PP 6 132 4 57, JF B 2 Y P8 g % G A Sz 4%
0 BRI, . SSE . M. S
AR BTN L 10%-20%0) HCC A LA3R#E 4R
SEREYIBR, RIS AE, S FEAEFRL N
15%), 48 B i IR T AU 20%—32% ) 5
AT AT EARIRY . h SEALTT, R B AT Eh Bk
A NARTT AR A A g 1) 5 BRI 7 T
BTG B AL

JFFRE— FE AR U PLa 412, (B IR IR
SRR R R R AL, H
alf>10Gy, NBUTBURALR, L0 TR B,
I (R TRLEHA T CL8H 50 4E 57 S, VIT R &G T
SRFIRS . R AR Eh RS FAREN
JRIFS TR R s 4 A RS AN ST A RE T TR VR T B

BeRmW: Wil RHEIT R HIBL(09877CA009) % B

178, BEERTBUTEOR K IE, BOREZ 1w
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WV BRRr AL EH S, RERR AR SE A
AN, HTHREIR FHE, MR
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B O LUAE] 400 MeV-u', TERT). %4ttt
B 72 BRI LG, B 2009 49 HIFMGET T
DRES IR E YT I ARBEFT, B ATHEIT R 9 #Hikilm R
I, PN 136 B, Horb RS 7 4,
Ji J% P F-Je (Primary hepatic cacinoma, PHC)3 41, T
IEEERE T 4 B, IR R 1 IR S TR 9T I
U S P e 9 2 1

1 wBISERR A
g

N 2011 4 7 A% 2013 4 6 AEEHGAT
ANRETF A DI 0 S v g s 3 7 9, BLFE R KR
PERTIE 3 61, RTAEEEREIE 4 B, F4E s B, &2
Bl PR 57 % (27-74 )5 K KI5 (KPS) >70;

11

fiE BRI, MK R HA B g 562, 1L
HREBIRAILFEFSME(AST). NRRA LI
(ALT)¥J<100 U-L™'. HBEFLRIITRALESE N PHC
#1410, 4R AFP HIZEAT 28 PHC # 1) 2 #1. 6
1] £ S AR A BRI AL, 1 BN 2R (2 4N
o MR BN 42-88cm CEFXERE 6.3 cm), H
H>5 em & 4 7, <5 cm # 3 6. 2 5] PHC 137
H R & A(AFPY KT, SRR T TE k. 3
Bl PHC ¥ & HH 18 M 2 B0 8 AT % . 1%/
Child-pugh FFIhfRE D brifE, A 206 %1, B4 1 6.
&R UICC 43 BAdsiE, T1H3 1 490, 100 B3 1 41,
IV H1 B. 4 B B 38 TV B, Bk
BAFERE I 2 B, 695 2 6. BEAEAT TACE
BT 36, 1R 36 (LR D,

Rl PANEE BRI

Table 1 Characteristics of included patients

s MR TR 2 UICC 4+#1  Child-pugh AFP R4 ANAHITE BEVITE
No. Gender Age Diagnose UICC Stage AFZhRENS%  /ug'l'  TACE Enrollment /H
Liver function Prior date Follow-up
grade TACE time
treatment
1 & 65 LSRR cT2NOMO A % 3.65 2 2011.10.30 14
Female 248V RREF %8 Stage 1T Grade A
1. PHC
2. Chronic hepatitis B
2 5B 67 LSRR cT3NOMOT A % 69.5 2 2012.3.29 16
Male 208 2 BFEE %6 Stage IIA - Grade A
3. JH 1L
1. PHC
2. Chronic hepatitis B
3. Cirrhosis
305 47 LR cT3NIMI  40.92 0 0 2012.12.31 8
Male 248V EEEF %8 Stage IVB
3. JHHEAE Grade B
1. PHC
2. Chronic hepatitis B
3. Cirrhosis
4 & 57 H ARG R pT3NIMI A% 0 2 2012.12.31 8
Female hepatic metastasis of Stage [V Grade A
rectum cancer
5 5 27 i s A Je e 7 Stage VB A% 0 0 2013.6.27 1
Male hepatic metastasis of Grade A
thymic cancer
6 9 62 TERA G T pT3N2M1 A% 0 0 2013.6.27 1
Male hepatic metastasis of Stage IV Grade A
esophageal cancer
7 B 74 A G TR pT4bN3aM1 A 2 0 0 20130627 1
Male hepatic metastasis of Stage IV Grade A

stomach cancer
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1 PABE—BRE
Table 1 Characteristics of included patients
T Wik PP B FIkEAE Rkt Ji9g Fe K PTV {4 Ebig Ebig DAl
No. AL Bt} Portal vein #{H Hf%/em /em?® LN B P UREL
Lesion Pathology cancer Lesions Tumor Max. PTV Position ~ Fields  Total dose
position embolus diameter volume and fractions
1 ARG fremfss o 2 42 40x2.0x ZEMEML 2 56 GyE/12F
Right HCC No 2.2 Left /12d
anterior 22x1.5x lateral
lobe 2.0
2 Gt e 6 1 7.9 79x6.6x fHEML 4 60 GyE/12F
Right HCC No 12 Supine /12d
posterior
lobe
3 it R 6 1 8.8 8.8x6.8x fNEME 4 60 GyE/12F
Rightlobe HCC No 7.5 Supine /12d
4 Ve =1uy el 1 4.6 46x37x  AMEME 1 60 GyE/12F
Right Adenocarcin  No 4.3 Right /12d
posterior oma lateral
lobe
5 i e T 1 7.7 7Ix57x  KEMEML 4 60 GyE/12F
Left lobe Squamous No 7.5 Left /12d
cell lateral
carcinoma
6 it fige s T 1 47 47x40x {PEME 1 60 GyE/12F
Righlobe  Squamous No 35 Supine /12d
cell
carcinoma
7 it i G 1 6.3 63x49x fHEML 2 60 GyE/12F
Righlobe  Adenocarcin No 6.0 Supine /12d
oma
1.2.2 #Hxl&t

12 PCUEBTFRETHE
121 =4z

BET CT ML FsEhr, BT HAEr =2y
FT B B s A R AR KT SRR, A HTAR I AR
GORFET 79 kAL 23 ) ARV RS BN EMSE 5
A 2 — MM BT, A7 T 2 - f 7 w3 B R
PRUFAALJa RF28 28 BT 1 3 IR [ 7
SR A7 7S B AR [ 5E 5 7B SR R R S AR
A S0 ST IRACARICHIX AL B, DL AR AR 22
BEBGRITIARAL, A SbR L =4 A e AL
Mo, HZRZ CT ERNLEH. S50 ikl s
R EE: 5 mm; FEHE: B2 L4 K
o HEAL . PSSR

KH Eclipse 1697 1H X R 484 Oncentra 697 11
R A G AT X A AR, BAAOPER: ()4
H| K AR 93 7 A (Gross tumor volume, GTV), {3
JRRI I, v CT Bhampikt, AF R,
At CTV, 1 RIFEAAF (Planning target volume, PTV )
fE GTV W&Eat i) BF A4 %M 1.0-1.5 cm: PTV
AR 712.6 cm® (98.9-998.6 cm’). (2)itkI¥%
Th: BT AT SR B RS R B K B
S5cm x 5em, FRIERIERNIEAT I . AR
<5 cm FH i —H MU FEKAE>5 em, F4E<5 cm
F 2 BPRRSS; K>S om, BEAE>S em H ik 4
L g107 P 1A S S IR Gl SRS P/ I ST
i HR e o B 5 A 3 A R B v R B RN S
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JilAl, JFEETFERE. BB, B0
PTV P B AR R H i Jo PR o A KPR S, FH DA i
FRIE . QB THRIRGHTENAUT R PTV #0504
52, JRIRES R BOUAT AL ) BN L A 5 BT R A
Be, SHEEAMEBREATERC. (4) K5 B HLE N 22 M
IEIET BRI B H 2 iR R g, ST
B AL FE A A .
1.2.3 it XIIE

HRIFERUE, TR CT Wl EXHEAr 3 K f
AR B AT 7 B IS UE ARG IR T BRI
EIT R T AL, R e+ 7 5 B0+
W4, w2/ 1mm, A5 IERTRI R GihoR G
I O 5 S O AR S TR B B, KRR
LRGSO, R S TRRS, 71Z)20 CT
B, RERITHOEIE, SiRId o EEGEHTRS
HE, ML SRR O, R AR
B kS8R AT RR I o
124 &%

BT I Y T 22 M AR BRI 7 BT T
W 9T %% E (Heavy ion research facility in lanzhou,
HIRFL)™ £E (5% 85 1-(400 MeV-u™' 2CoNRIERIGIT
Ry, B DB T LR e
AL 0T . BIREEECN 18, PR 2.57. H—
N ZH i 7 B o BB 56 GyE /12 F /12 d,
HA 6 B Va7 FIE M 2RI )9 60 GyE / 12
F/12d. 57T R IFIEIZ9 .
1.3 FrRiTHE R EI R R 5

& RECIST SEARIETT 20P A A vtk o1 i BT
M, SEAZM(CR): FrARERALN K, TEHmRALH
L, HMRPREWIEY, 0454 B 0%
(PR): B 4 B KA% 2 A0 >30%, Z/04ERF 4 JH ;
Pl R (SD): B kb fi K AR 2 FI4E /R IE PR, 8K
K RIE PD; B HEE(PD): ¥EW kI KB A
DHIN=20%, RIHLAXHESE NP 5 mm, HIUH
AN PDM. AR W E LR CTCAE 3.0
A B VIR UED), S s e . T
Dhaetn . BE RN B RN, HIPN 1. 2.
3R, A BEIRITSRE 1 AW R ZIT
B 3 AVEEETRG 2 ENRE3 H 1R, 246G
TP — kBT, BTN AR AR L

3 CT. IMLH M. FFE DhREA R bR SR A
1.4 Gtk
R SPSS 16.0 #4374 it22 001, %T

HETNR BB D, MR T it 2254, 12
F LA 7 R30I .

2 R

2.1 BEIF

BEVG 2 2013 49 A, BEUI N 3-16 H, Tk
Vi, BV 100%.

2.2 IEHEATTRL

BITIE 1 A VR BDZ7 20, Horh 58 A 22 4#(CR)0
foil, HoroEMEPR)2 B, FaE(SD)S #l, #tRE(PD)0
], % WL M2 (CRHPR)N 28.5%, 45 I %
(CR+PR+SD) A 100%. 3 AVFEMTr 2L, Hr
CR O], PR 4, %@ (SD)3 %, i#REPD)O %,
BB ZE (CRHPR)N 57.1%, Fi 4] % (CR+
PR+SD)A 100% (W3 2). B 1 fiorh—H#] PHC
BEWITHT XAIT R 1 A CT 318, 778G - 4 PR,
AFP 17T 43.2 ng'mL ' [# % 42 ngmL™", H¥
JFF T REAR b A ML FLIE YT 11 Ja Y 0 Ak

23 HEEFBER

7 T, 16 PHC fEH B 5697 )5 14 A
JIEIRAZ 7 2P O PR, (ELBA] HH B0 P I /NS D2
REFF RN L IMTAET:, HoR 6 Bl &3 B Al v e A
P REIMAE T, 3 B A I A IEAERE T

24 BERN

%8 CTCAE v3.0 A R FEvHbnitE, & T
BT IHIE J6YT a1 AW Bt RN, ST
DIfese s, MU R KL BT BB AR
BURF X 70 SRR S ANTE s 7 BB E A A FREEE
PEEBO . Ik, Z 77, BECFREEE R, B
1B 2 4, HR¥IN 1 B ey
TG B REII G A A . R S AT, B 2 UL
R i 5 N, KAERN 71.4%, Hd 1 ANHIL
3 ERRR L, SRR B A
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Table 2 Evaluation of efficacy and toxicity after 3-month treatment

%5 CR PR SD PD AfF YA FR 3 Toxic and side effect

No. BE/H JEE JH-Dhse s =LA Mgzt kRN
Overall Cause (2R 2% (5 2R) (5r5%)
survival of death Liver function Gastrointes-  Hematologic ~ Skin tox-
time damage (grade) tinal reaction  toxicities icities

(grade) (grade) (grade)

1 - - SD _ 14 * 0 1 0 1

2 - PR — — His — 0 1 1 2
Survival

3 - - SO _ pean _ 0 1 1 2
Survival

4 - PR _ _ pean _ 0 1 0 2
Survival

5 - PR _ _ eann — 0 2 2 3
Survival

6 - PR _ _ His — 0 1 0 2
Survival

7 - - SO _ pean _ 0 1 0 1
Survival

VE: *ER MM /MRIRD . Note: Idiopathic thrombocytopenia.

1 EEFPCYRIT 1 BIERYEIFREIRIT AT ()
HIT)E 1 H(O)CT 514
Fig.1 Comparison between CT images scanned before (a) and
after one month (b) treatment using heavy ion (‘C®") for PHC

3 itig

MIGEIRIGTT FAFER , — FhERAR IS 4 76 T HXT
JIeo e 0 L S ) A% 70, RIS e B A M PR T
ML, 5ot AR b 750 B B R S BRSO R
PEANE], KRR E DU BE 2B R g i, 72
WFERI AR 0, HI—A Bragg . WEEFIRAE, A
M EMR G, B THEXGE, SR A
] (RBE) & B 8 7 /EAE % F i i s il
TEE AR NE LET H4, JUFERA R, X4
IO BBOBE AR08 52 200 B A SR S e /0N, % ISR 4 A
SHBUBRVERI B ISR /)N, Bragg AL T3 pEHE LA
EE ) DNA XUEEBI R, PR R KN &, A
WA, DU B T 50 2 A5 1 AR EL
HAEE Y Em R, Bk, EE

TIRIT RO ST R, W IR AR, R
% e KRR FE M OR FE 48 B TSR AN D RE R s 4
il 2 5

BT B AR ) HR R A ) T i A
B, B FAEE S IR B MR T AT T AR
PIARZE T L, M 1994 4F 6 H 2 2005 4F 8 H Z [dl,
Of 2371 BEEESE THARTHEHES T
AR HIMAC) I 1 I AR, &5 5% mil ik
B AR R T B U R 26 B B4 A TR
10 1 P s el 29 57 K b= ) L el PO
R IS Y= K € AN PP < i i i 5 T
AR FEE RN AT By — iU R B
AR EV BT D) Sig O i AN S e e il
W, HERIE AR BT X — R 3ia T F BT IR
7o WFFLFRE,  FEME 0O I 52 575 5 5 B I o) #1171
BRI B P 52 R S AR B SR A 0%« 4 JHF I R
1 Gy/ IRt 22 751 & 36 Gy, 2 Gy / A A4
5N 25-30 Gy, 3 Gy/ ki, Afiti 5275 &N
18-20 Gy # MR ABUNT AR 1/2, WU 52
FIEATHE R A 55 Gy UL by RS ARV T 2R
1/4, BUR TR 2/ B 5 2 65 Gy LB, fti%
SYEIE AR BOT BRI, ReS e AT R
IR BB AR RIS, A K PR b PR 1 5 4 21
Za, MR RO OGRS, EK
TR ATE B R, R T AE R E,
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1 FAAFRIE 50%-95%, 5 FEFH 9%-25%. i
SR S8 (RILD )22 e T30 B 77 & PR A 1 B 1k, 3R
I (1 e o E R U0 e 2 M P 8 98 SR R R T R
ZHCEE AT IR ZE, WXL E
S JEF O SO B2 1 1) R R B, X T BURUE
PERF R AR m I R R F, — H P RILD, 3E
TR M ik 84% 8, i BT i T A
MAYE TS, MRS EF, fESGRT 200
[FIR S RERE FRAR U T R I R A2 . LR T 45
FRW, HET RIS T N0 M i A A
T2, HEAREMKSME, HMpRETREEms T
ML X SR, 53 A MO 4 i 57 2 B T B IR
(% B AT BN AS SR 45 R B, Bk IR 5 2
R RS PRI 0R% 26  FoF T] (19 A8 A R A 0 B S Xl
ZHEIE IR, 300 R 40 A AR B RAR T X
RIS 2H, 1 BB IR (A K, S 40 IR IR AF
TEBERIH S, BAREECE Y 2 AU
PR, DL R IEREEE FON E B IR T IR AR A TR
I o

H A [B] 37 5 25 2%t 5T B (Nationallnstitute  of
Radiological Sciences, NIRS){E 1995 4 4 H % 2005
8 HAEH H AT i E 5 = H I 48 (HIMAC) ™=
A RS 1% 197 151 T2-4 NOMO ) Ji7 &% 1 T e 6
(BT R AL G167 F BT SRR BN IE B
G itr BB BATRITY, JRIT)E 5 EREE
HiliE 81%-96%, 5 FALFFIE 25%-35%. FIEST
BB, FIEMNEEER 3 W, LR S A0S ),
S 49.5-79.5 GyE, B4 B4R 4 Ik, JLIE
302 R), RGN 54.0-69.6 GYE, RIGHIZD
D BIFERR 2 K, BRIk, B5FE 32.0-38.8 GyE,
AFEF RSB S FERIERMAELLE S5 HR
86%—95%F 25%-35%; AFFIESFIBT, 15
ORI 2 Ry RS BT AR AAR R, R R Sk
b, (HAEFRSRMERAK. ARy R
SRR NIRS #H—2, 78 60 GyE/12F/12d,
TRV A, 3 H R R AR AR 25 3
100%F1 85%. FHHZET: 1 4 PHC ¥, EHIGIT
J5 14 H, IR R I INORAG 4 B KRB,
BEAT PRI DhRE B A St I Th RE S8, BB S I R
HILTIAETS, HZ 8 I 5 G A R I
BasE. HTHRE PHC £ HA 18RRI 40%
s, B A IERAEA, TS A AR AT 2 I D)
ARSI MMER, AR SER G R R A G

BEEKEEAEAE, WIXBEF, MZEmEETF
IR RY, RESRIE NI DI Re RARE . | T 3AT]
NI I PR S AN L 2 2 = ek, B
& TP EFE RS S, 2B AP 2 SR R R [ 5
MR, T AR R RO, XA AT
RN G # AT WA itk — D . fERERIR
N7 THT, 30T SR Th RE5 5 R0 IS 27 7 M 3 LI, (H
BIEANFRERE B S, HARRE FEE R A
Ky LT HEAEM 2 16 B W e B R AE, 2 4],
SRR, SRR, SRS I ERT NS,
HEHB. MEhE28—EREREA 5. Kk
SNJTTH, 5 BEE I 2 UL N, Hodr
HHELRE X R R, N 3 RN, AT IR, —
5 EEFARFES M AA R, H Bragg WERTT
FIXAE @M, 5H—J7m, HTR&HRE, H
AT 5 TR AN BT IR, BT R
SRR, XA AT R A R AN ek R AR
.

JH 9 B B IR A R R R 27 BRI
BB E NS Park 20T 5T K W R
JRT B B A BRI R AR 0T 7R <40,
40-50. >50 Gy ZHEHERES RN 29.2%-
68.6% 77.1%, A MFELMIEAETIE; 24>50Gy
N, MM, BEMEKERED A 8.4%. 13.2%.
NIRS Jif #EAT 1O 77 &3 1 36 22, e & 2
32-38.8 GyE2 ik, 2 K, JLiAJT 36 HllHE, 3 /M
TR R 2 84%, 3 AR TT%H 90% 119 A\
BIT G W RREARE 2%, VR IT B EE M A0 R F AN
B, RATHORITH 7 B F, 14108 56 GyE,
H4x 6 AT BN 60 GyE, H 5Bl 5N KB R i
HUEAT L, >50 GyE (1977 & 08 5 B 167 I 1 5
N, HABERR S, BIRITRR R IR,
SR S ERLT 0 T ORI I E S #IE AT S
H T 3 B S 4 AN S o LA R U AR
“4R” BL, PRICHIRIT R A Z AL, HETH
Mg — ARE, XA TS5 /£ NIRS
R RIS T, ARIFIE S FIET, Mg
M BED AR, 1EH 414152 i85+ ) BED ifi .
UGRIE I KRR K, (R0 25 R 35 T ™ H
SR RORE R AE . FRATTH 0K 60 GyE/12F/12d 1)
I FIEA, AU T IR R Z IR AR, M
B &7 IR AR m 8, i B aivb 4 Rk E,
HA SRR B TREMRN SR,
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Vi Jf R B 020 i PR 45 SR A GE

CAAE SRR AR VAR R v T e

R, RAE

AR B FBUTEOR, ST R ik 214
B BUR AT IR 1 2 2 R e

M NIRS [l AR FE 45 R ANFATT O (4022 1t

FAERKAE, W T ATERIFARIBITIRCR,

YRR/ TN VAN Ee 5 o N2 T 0 o O R N M
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A preliminary clinical efficacy of heavy ion ( ) beam for hepatic malignance

LIU Ruifeng' ZHANG Qiuning’ GAO Liying' ZHANG Hong®
WEI Shihong' RAN Juntao' WANG Xiaohu'
! (Radiotherapy Department, Tumor Hospital of Gansu Province, Lanzhou 730050, China)
2(Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China)

ABSTRACT To evaluate the efficacy and safety of heavy ions (‘*C®") for hepatic malignance, we introduced
unresectable hepatic malignance, including 3 patients with primary hepatic carcinoma and 4 with liver metastases.
The patients were scanned for CT images, and delivered to treatment planning system for delineating the gross tumor
volume (GTV). And then the physicians designed the treatment plan. After completing and verifying the treatment
plan, the patients were treated by radiotherapy in lanzhou heavy ion research facility using carbon ions (400 MeV-u™'
12C%). As of September 2013 within 3 to 16 months, there were no patients lost to follow-up. After 3-month treatment,
including PR 4 cases, SD 3 cases, the objective response rate (CR + PR) turned to be 57.1%, and the disease control
rate (CR + PR + SD) was 100%. Among the 7 patients, except for one died of idiopathic thrombocytopenic, the others
survived with no progression of liver disease. Overall survival time was being followed up. In respect of toxicity, no
liver function abnormalities and radioactive hepatitis occurred; The 7 patients had mild symptom of nausea, vomiting,
fatigue, loss of appetite and other gastrointestinal symptoms but no myelosuppression. The preliminary clinical results
show that heavy ion is an effective and safe treatment method with mild side effect for hepatic malignances. It’s
suitable for patients with unresectable primary and secondary liver malignancies or those cannot tolerate surgery.
Given the current shortage of cases and follow-up time, its long-term efficacy requires more cases and longer
follow-up time to clarify.
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