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Abstract

AIM: To evaluate the safety and efficacy of in-
traoperative '“I seed implantation for advanced
esophageal squamous cell carcinoma (ESCC).

METHODS: Eca-109 cells cultured in vitro were
divided into four groups: cells untreated (control
group) and those treated with low- (0.2 mCi),
medium- (0.4 mCi) and high-dose '*’I seeds
(0.8 mCi). After "I seed implantation, the clon-
ing efficiency, apoptotic index and cell cycle of
Eca-109 cells were detected. For animal experi-
ment, Eca-109 cells were inoculated subcutane-
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ously in the right femoribus internus of nude
mice. ESCC-bearing mice were then divided
into five groups: mice untreated (control group),
mice undergoing spurious operation (prick into
the tumor without implanting seeds), and those
treated with low- (0.2 mCi), medium- (0.4 mCi)
and high-dose "I seeds (0.8 mCi). Tumor vol-
ume was then evaluated. For clinical trial, 298
patients with phase II to IIl ESCC were random-
ized into two groups: patients undergoing both
surgery and intraoperative "I seed implantation
and those undergoing surgery alone. Postopera-
tive complications were observed. The short-
and long-term efficacy of "I seed implantation
was followed up.

RESULTS: The cloning efficiency of cells of the
three treatment groups was significantly lower
than that of control cells (all P < 0.05). The cell
cloning efficiency was also significantly lower
in cells treated with high- and medium-dose
'] seeds than in those treated with low-dose
I seeds (both P < 0.01) though no significant
difference was noted between the high- and
medium-dose groups (P > 0.05). The apoptotic
index (Al) of cells of the three treatment groups
was significantly higher than that of control cells
(all P < 0.01). The apoptotic index (Al) was also
significantly higher in cells treated with high-
and medium-dose '*I seeds than in those treated
with low-dose "I seeds (both P < 0.01) though
no significant difference was noted between the
high- and medium-dose groups (P > 0.05). The
percentage of G,/M phase cells increased with
the enhancement of the '”I seed activity (P <
0.01). The reduced rates of tumor growth in mice
treated with I seeds were statistically higher
than that in control mice. There was no statistical
difference in the reduced rate of tumor growth
between control mice and mice undergoing
spurious operation (P > 0.05) as well as between
mice treated with high- and medium-dose '’
seeds. In patients undergoing "I seed implanta-
tion, no displacement or loss of seeds occurred.
The local recurrence rate was significantly lower
(14.9% vs 38.7%, P < 0.05) and the rate of com-
plete response (CR) plus partial response (PR)
was significantly higher (78.8% vs 30.3%, P <
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1-year survival rate (both P > 0.05) between the
two groups of patients. However, the 3-, 5-, and
7-year survival rates were statistically higher in
patients undergoing surgery alone than in those
undergoing intraoperative '”I seed implantation
(64% vs 52%, 42.7% vs 34.5% and 25.1% vs 12.6%,
all P <0.05).

CONCLUSION: Intraoperative I seed implan-
tation brachytherapy can reduce local recurrence
and improve survival in patients with ESCC and
therefore represents a safe, effective and simple
approach for ESCC.

Key Words: Esophageal squamous cell carcinoma;
Brachytherapy; '*I seed; Thoracic surgery
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B F P F AR R IR AESCCH 77 5%
Fa VB A LA VA BAEN 78 7 B BX P 0 B0 R 6 8k
JE(ESCC) 8 2 A M R IT 3K

Fik: MRS k% P F AR I
FG AR T 5 I Eca-109%8 i, 5 AZLR Ak
F (3 BE4); B40.2 mCi(f&F&41); C£10.4
mCi(F 7 & 48); D£80.8 mCi(Z 7 F40). » 47
4 A TS R L a R T 35 dAe dm i R
SR, AR L THEELFRAAR
J&, STRRLA(ALL, REAEATALRE), BT K4 (B
4, FRBIRLR, RREAET), KA E8
(CZ8, 0.2 mCi). F#F20(D2E, 0.4 mCi)fe 3
# & 28(E4E, 0.8 mCi), ++ F &89 %. Wk
KT BTUEMAT R, AN 42000-2004 4
ARAEESCCARATCTH#a474, 2984 11 -1 A1 4
BESCCEFZ ML, H R PR PIEFHAAN
28R b F R ARIETPSHT # X 0 71 %, A4
R AMTFTHANPHETF. £80.5 mCity Tk
F20-40%, ¥EFA10-30 mCi, M5 T Ee)E)
21 7] 260-70 Gy, KRG AT 4T I Fo T 27545
WL B H ARG K Yol By 3R BA oL
TN B T AL

HR: mp S EREB. C. DA¥KTAA
(P<0.05); C. D#L¥{LTB(P<0.01); C. D
YRSt 5 £ H)(P>0.05). 2R 35 4B

C. D43 & TALP<0.01); C. DA TB

B8/ TC4L(P<0.05), 12D, EB4LZ 8] L4
it 3 & L(P>0.05); B. AZLEIRARATL K4
F & L(P>0.05). 6 FXIEd, RPREA T
FHRANMARGEFRIELSIL, A, BT
EHE. RPBEASPIETFHAALL $ 45T
RBEZREEFEH A H14.9%. 38.7%, %57+
H %t 5 & L (P<0.05). R P RS PDEFHA
AR JE3 moA 2 F(CRHPR)F T £ 45 R,
£ FH %t 3 & (78.8% vs 30.3%, P<0.05).
S g BB R gt & L(P>0.05). RP
BAPTETFHALL R4 F RAIF AR
Z AW £ 5T R F FE L (P>0.05), K P EK
S P F NI, 5, THRAELRA ST E
whF R, 7R %t 5 &L (64% vs 52%,
42.7% vs 34.5%, 25.1% vs 12.6%, 3P<0.05).
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B W% (esophageal squamous cell carcinoma,
ESCC) et 5t b WEEPE I 2 —, Jat 5t
FEE S T, B AR R SR A g, Rk
R AN TG R MU R i R E T
WEIESCClv, HSARAEAr A I 4710%-20% .
A AEAR A A AR PR R T8 97
ESCC, Wikt Z REMEWITL. AHEFORE S TR
T I AR AN EE 72 10 NES CCAl g A AR PR ¥R
7R RO AE & 0, T IO E TkE 1 A 4R )
FEN AL B O T AE AR A A6 ANES CCIT 28
VEFIMUA, ) Ak e e 3l L AR P e 2 T 1
FENIRIT 1 SHESCCHEAT HTHE PERIF 7T

1 MRFEE

1.1 ## AESCC Eca-10941 i)y - rp [E Rl it
WRE 2Tt 1 ORI TW )& K e VA e N ES A K VA
Fow] B RRHE 247 IR A A 3k, 8 BABL/C
RS T b LR 22 B B 2 e SEE8 Bh A v .
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2000-08/2004-08, L9585 64 48 Bk T 100 +§ﬂ€jé’ﬁﬁ -jafgfg ,
2 A W s N 1 —e— ILFIE4 12 % N
BALSUE LI UESCC. BUERAICTAMERED, %01~ Sl SR 4 58 5 5
20861 1 -TBIEE FAIARNAL BENLO WAy o o) 7 R LA
N N N o = J7 8945 B, B E
TR TR A TR AL NS R % 60 WA A . R
BEBIRTT G R . 50 2. AR
<. iy 40 DANE SR
12 7% B o I, f ik —
1.2.1 @ e B sh4h 8% (DMK FE: AESCC & 201 i;g;ﬁﬂ;’@
NS RSN 1w

Eca-1094f fu 3% 77 T mifi DM EME; 77, 10- UEE S

CO,TH B FRAR B F=. 40 M A 1 28 7 36 i e 0

80% /e A1 N BEATARAN, % 524-540F 1 T 58 5%
(2) 40 a5 B 1 26 R 4t R O 12 0 40 i S A 43
BT SEI6 A 100,25 % BRI AL TH A, WRAT, FERh
TREFRIL, CO,MHREFRA TR, KA =T
RN G 4R S35, S 1-7 RS TE B i) 4 i
A, 1B s . 4% vl iR (absolute
colony forming efficiency, CFE)FIAHX} 77 B ik
Z(relative colony forming efficiency, RFE). i1
SRR 1wk Je g 25 4140 LLO.25 % 1B i i A6 0T
&, B0, PBSERL, WA S2RIRS), ik
JERIFE 15 min, FC4HHROCE EAN, THEA
N T-45 2 (apoptotic index, AI). LIk & B4l
f70% LRER E, SR, B0, 0.1% M PIALR
TFEEE R (0.30 min, Yt M T A0 i A
M. R Cell Questf A3 HT. )R
JIHT: g e & SPFZZBABL/CH 30, 546 4
BRA K BB AR A 51X 10"/ m L Eca-1094
MM mL, 73981 TR, WE MR AR 21 em
X1 emX1 emZEAi i, W20 - BEHLI A AN F 7
= PTRL AL, 4 b A (AZE, AT AT Ak
), T ARABAL, AN RE AR, A
NFRLF) s ARSI (CAL, ALk NT.4X 10°
Bq TR F1H). il E4l(DA, #iA14.8X10°
Bq DR IR Al AR AL(E4L, #EN29.6 X 10°
Bq PTRHLF 180). 30 dJii A FEHR R, THER A K/
bR i 2.

1.2.2 WG RBR: (DANDIRTTBR: CTETE K
P 285 B0 R AR TN VEAL 22 e J g 27 L X AT,
TN =4EV097 T 0 R i (treatment planning
system, TPS)ARFTEA il b7 &Il & s
TPSHTilsE &, A EM T 2T (db R
TR BHREH AL AR EH0.5 mCift)' P kL
F20-40%%, BIEJE(E10-30 mCi, VCRCJE 1277 &
(matched peripheral dose, MPD)60-70 Gy, }iF
HEE10 mm, FEKIMA . X5E. WA H%SE
LR, =5 mm. XN Bea g T A2 ik
iy WEIBNIK S BE ST S MR R AR AT YR %
g EEEERE T RERE . FARE . WA
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B EACIESIATS IS AMIEEEME. 441
IS RS TR, SR

Jok LA K988 R A A . RN B 06 75 R A, b T
I ATANBIIN AR« i AMMORE 7, AR5
AT BUCT XATHE 750 UE A B E A
PHAL IR AR P A AT B R AR R 4 R
PEVRRE FARBE B B RA. KRG EE YK
PFJ7 %, EN%1(DDP)20-30 mg, iv, d,; RN
IE(5-FU)1 000-1 250 mg, iv, d, 5. (Q)QANZI7 %
fili: WS R E ARG I RE; I CT W e 5214
o R RGO, T RO E FWHOAH K
JiR e VT 5 A R T R AERF T mooh 58 L2 iR
(complete response, CR), 1AFHZE/N50% LA L 4 £F
1 mo }j#i4) Z& i (partial response, PR), /NN it
50% 4 oAk (no change, NC)lfz & (stable dis-
ease, SD), JHR ARG K >25% A B b H B
333k i (progress of disease, PD), 15 % /yCR+PR.
BEVG T E BB ARG 3. 5. TSR,
St FE AR A kSR R I STATA
10.070 Hr gt v 2= 5 dls, & 484 £~ K Flmean
+SD, &2 R4 i v BT R . iR TR s
41l B S5 A2 4k 2 ] Chi-square Testi&4r#T, ki ¥
AT 2 U S5 R SRS AR A AR S5 1 A B AT oA
B, X AN [RPRL ¥ 700 52 UG 100 25 4 R R 2E
KAD I AT A5 I RHIE 70K FH STATA 10.0
SIMTGETT R, — ORI ) 2 538 F o R
Lbig, ZihKaplan-Meier EA7 12k, 4472 0T K
FLog-rank 5. P<0.057% 5 G ik 5 L.

2 BR

2.1 4m LR ) 5= B

2.1.1 Za R e TR A X B v B TR
B35, A SR A rhoRE T J BN M e B O RO
XD, TEERE T embh L, 41 5 1l B
B2 7 dJG % 95410 v T R BT
X} I ZH(P<0.05), (0.4 mCi). (0.8 mCi)jfl
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| TN
58 F NG ST
ESCCR VA
il ABF SR
L F BB AR gh
¥ 5 49 AESCC%m
o Fe 4R AN
AR R AR
J, WAt PR T
20 4R JA) FL N 3E BB
B A JT AR A SE
+ AESCCH# 57
HEARAAE], B
AR ok A Al b st
R BELs VBT
AN ST P kA
ESCCHA7 AT B 1
R,

2 Eca-1094BIBTRRERZAR( x 200). A: RLhFHdst, Mln2IAERRAmIwERI, P E, MiaRsEE; B: 4
0.2 mCikr FRSE, W] WM AIEa AV ERI, BV DEMITR, C: £20.4 mCitiFIRESE, W WAL BAIIATE, Read.
Wi RIS, AT TRE T BERABL D: 220.8 mCiky T JRSTE, JINEIRSE . ARl Ranii. MIaseisg,

liBER 3 AN 1A 8

FH SRR Z10.2 mCi) A AT G i 2 %
X(P<0.01), H 7 i 22 K G il 2 8 X
(P>0.05, K1, 2).

2.1.2 B R T 5 SEEG A S AL AT 22 57
VI G5 27 75 L(P<0.01), a4l 58 &
BB G5 2 X (P = 0.000), il
LR TE G 24 = (P = 0.209).

2.1.3 g fie B 0 2 A R 50 R I, Gy M
Lo v, SHAZN Mg dr s /b, &4l 2 M3 H 4t
TR L(P<0.01); #5041 G MG T 4
LE 550 B LU RIC gt 27 75 L(P>0.05).

2.1.4 998 F oA SERAURIRL wkAi A AR K
51k, 2910 dJE RBUIT A6 4 /N, 5 fE 4183 4k
SRR 30 dJE A5 S0 AL IR % B o AL
(P<0.05), A AR ALAH L gt
R X (P<0.05), T 2 (A L e g v
RX(P = 0.150). 7% 5 & 4R IR ATAH L o4t
THERE (P = 0.255).

2.2 WG R EER R EE TR WAL, WG
5] A J5 42 112008-08-3 1(HH A7 it 17 1 ] 42 mo,
95%C1: 37-55), 2984 & ¥ 129041 kB, 8
B R V5 (Ge vk 90 kR B ), B iy 4k SEBE U
SIS VAR i AN b N ED VAR R a1 B e 2 VAN 5
MPD 60-70 Gy, 100%7) 1 [KIFEAAF(V,00)>90%,

R 1 298fIESCCEERRI—REBR)

ROBHE“HIT PUFAR

2,
AN =150) %H(n =148) A
B 81 :69 82:66 0.0594 0.807
FH(=) 0.1100 0.991
40- 23 21
50— 45 44
60— 59 59
70— 23 24
PR ER 0.9863 0.610
H0ER 27 29
CPARES 78 69
TE9ES 45 50
CT/H 0.0072 0.932
Il 31 30
1] 119 118

REICTOHZBUTIE: | WBEETESHRANBES
[BE3-5 mm; |l : BEEEES5 mm, BFREILBMNE, Tomihis
B, I PPRBRIRSBE MRS, V. HELTANER.

90% {1 #E X 51 F (Dyo)>MPD, $75% W FH 7] 45 2
AT, PR VPN, JoRFANERL . BT TG
BEIETFAREKLTIRIT, 69.4%50F JRiB i Kk
RN A Hs, RS TR AN 41 K 4 T
KRR R R 5y 5 J914.9%K138.7%, LK 7%
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miZA2E
AR BITHRA

ROBES SRS B ARA =298 i P
BEALRP =150) (n =148)
FARLUBR 0.0901 0.956
ﬁiﬁ@ 117(78.0) 115(77.7) 232(77.9)
R 25(16.7) 26(17.6) 51(17.1)
&w%%%m?ﬁ) 8(5.3) 7(4.7) 15(5.0)
REEDHE 0.5139 0.773
Ila 9(6.0) 10(6.7) 19(6.4)
Il'b 19(12.7) 15(10.1) 34(11.4)
1] 122(81.3) 123(83.1) 245(82.2)
FRIE 1.8068 0.613
RRMEEES 26(17.3) 28(18.9) 54(18.1)
%R 18.5837 0.000
SNk 20(14.9) 55(38.7) 75(27.2)
AANERS 65(48.5) 67(47.2) 132(47.8)
BEUaYs (1Kfs) 26(19.4) 10(7.0) 36(13.0)
THERIRE 23(17.2) 10(7.0) 33(12.0)
1.00+ Log-rank test: y* = 7.98, P = 0.0047 1.00 Log-rank test: y*> = 5.57, P = 0.0183
< 0757 _ 0751
g ] e S
2 s 4
5 0.50 5 0.50- .
25 hl
R @ﬂ%ﬁ' T PHOH i Soxsl_ pTFAR
X Kb o~ 4—*ﬁ$%AWM%EAﬁ ****** N
0.00 | | | | 0.00 < ki | | |
0 20 40 60 80 0 20 60 80
A JEHHE] (mo) *@Hﬂkl‘lﬂ(mo)
3 KROREEZRE DREFIL 4 REEBEEEpINMOEN Il o+ || bAEFEELZ.

FAAGEE (¢ = 10.0719, P = 0.002). A
A TR RN AL F AR VIBR594.7%, 256147 ik
FFAR, sBATH R TFA; HaiFARHAF ARV
#95.3%, 26BIAT I TR, THATHRTFAR. P
HMIATEVIFR %(78.0% vs 77.7%) i APEY) %
K (16.7% vs 17.6%) 5T RF(5.3% vs 4.7%)
e 22 e i 223 L (y = 0.0901, P = 0.956).
TR CEVIR#F R T R), Repka
TN A B (CRHPR)78.8%(26/33), 5
Bl T ARAHMHE30.3%(10/33) LL i 22 7 H 4t
TR (" = 15.6444, P = 0.000); RHIHAT
BT RN AL R AR O B 426491(17.3%), il
TG 1491(0.6%), Al F AL R A ROk
22801(18.9%), W& I W& KBk %%
ERRER1191(0.7%), - RIE LWL ZE S o Ge v
xq:48%8P=ama¢%Mm$$ﬁ$w
BERTLFE X (= 0.72, P = 0.3970), {2
3. 5. THEAFRURERGHIFRE X () =
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4.67, P, = 0.0307; x," = 5.85, P, = 0.0156; ;" =
10.76, P; = 0.0010), T A7 A fE 3 LL IR 7 S 46
T Y55 mo 95%CI: 48-62 vs 37 mo 95%ClI:
32-45, x> =7.98, P = 0.004, [&3). W41+ pTNM%}
0 113 5 AR A DR RN 2R P i
AR AL AEAE S A 22 e ek 5 (51 mo
95%CI: 40.6-54.7 vs 47 mo 95%CI: 37.3-54.9, 5’
=5.57,P=0.0183, [&4). &8 A 51 K&
IFRAE FER L2, B AR 5 T S0P
W3, AR R A (CT) WKL

3 17E

DR RN AR )T B B 0T LA R S TR
7R A, TR RAE O B IR RE
A HME S SRR A FEVR T — S S A
Je 7 T AR R T A AR, TR RN
JYESCCH R/ DA i, AW B, I+
Al B B AH AESCC Eca-10941 it e B 1k, B

I BNE RARR R
=, hFESENE
T RPHEL
BFHENBESFF
B A ESCC 7T A&,
BB
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W@ 5

ASUEM AR, H
T 5, BT P
TR R S
— M E L

B 5 OREREREBEAGSRKIVEL. A: i EMEDIGEARIMEART 1 wk; B: 3 mo/mipktfiisk; C: 14 /St SRIATE

BT

RPERE“HIT  S@FAEA

2,
AL =33) I =133) n=06 s &
ITHAIS 3 15.6444 0.000
CR 6(18.2) 0(0.0) 6(9.0)
PR 20(60.6) 10(30.3) 30(45.5)
SD 5(15.2) 1(3.0) 6(9.0)
PD 2(6.1) 22(66.7) 24(36.4)

CR: £4&#%; PR: B3DE&EM, SD: JTZ{k; PD: HE.

S 71 PR 18 o) 40 R T B S ) i, B
SR RS SE I BEAIS, AAEG,-MIBI LU 3 =, I SR
TR T Ll A A RN T AR R R R R
/AN, AUVIR8 R it 7 (3 T . A TR
AT 2N NESCC Eca-10940 g v [ T i %,
V5 AN T, I8 R 40 A B AE G/ MU T
EIR AN o 24, Pk ILIGTE e 7y, FLAR RUR AR
RN AT 25 4 /Mg R, RAHESCCA . B
Hh v A R ALY RO 2 S, A5 18 B i A i AR
PR, N CAH SRR A B BT TR 5
H°40.4-0.8 mCi.

[ e T S N MW 7 N Rl e 4
TAENGIT B P g HES CC R b AT T K3
BEUTRESE. TR — R R T R 7 i%0E
8B &8, ORI, R ERA
21 K BAUAR G I RAE LR TG v 24 5 L(P>0.05).
T VY, S O IR AL K
BAL LW 7 5 gt 2 55 L (P<0.05). [AIIf — 420
TET R W 72 RAT ik 24 75 X (P<0.05), HAZ
HET JR S R B B 3 BRI (P<0.05). BT
HEBR T AR T AR 73206 th e BIE S C C il A A+
KM, FEHEBRANE & F AR M IV I &8 &
.3y 5. THEAEAERNT BoRAA Y] B
KA, IR G052 (P<0.05), B4R
AR 2 I 25 S RG24 73 L (P>0.05). [R] I

SF2H 5357 R p TNM TT 141 56 A2 v o A 4 30
TB4L, HHGIE R XL (P<0.05), XA RATE
A SE K AT RESR 85 T-h RN el 5 R R (1
BEAG, R RIS IR A AE T TTask
o, K T AN IE RAE. AHF50R ] TR
THURLRE 0.5 mCi, MPD 60-70 Gy /& 75 21 (1), 7
O USSP R OGN N Ll E VAR = PN

YN TFARIfRNEE, R8I a . K55k
B AT B IS A5 B RO R T, R nT RE b g 41 i
(T 90 (2)AESRIIR Stk L4 FE R i AR AT IR, nl
PEEIRTT RO, PR AN PR RS, R R YR
BT ARG R IEH AL T, B ARG Pk
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