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Table 14 Number of radiation oncology facilities, treatment devices, patient load, and personnel: trend 1990-2007

19900  1993% 1995 19974 19993 20019 200378 2005910 2007
FER# (ENEE(%]) - 378(48.5) 629(88.3) 504(73.9) 568(78.6) 636(863) 603(85.3) 726(100) 712(96.9) 721(94.2)

HEEN 62,829 - 71,696 84,379 107,150 118,016 149,793 156,318 170,229
EBEH - - - - -~ - - 191,173 205,087
MR FHHEER 166 - 142 149 168 196 206 220 236
BEEBEAHRET)

D=2 311 508 407 475 626 626 744 765 807

FL s b 170 213 . 127 98 .« 83 45 42 11 15

I-192 RALS - - 29 50 73 93 117 119 123
FERATRIGEER 547 748 821 889 - 925 878 921 1,003 1,007
FIERSTHERER - - - - - - - 774 826
HEASTROZEEEH - - - - - 308 369 426 477
TR AR MR A 592 877 665 733 m 918 1,555 1,635 1,634
BBEERK

XErialb—%¥ 295 430 394 452 512 464 532 502 445

CT¥3al—% 30 75 55 96 164 247 329 407, 497

GEEE O Yoy 238 468 374 453 682 680 874 940 1,070

20054 MSHRIAR EMERR BT 135 MR L B L -5 0 EH BEE - #91672,000A.
20074E M BTSRRI IEER B e 765 Rk L HERI L 235 6 0HEH BEE - H918H1,000A.
2005 E M GHEIERERMER I E T3S SR L 258 0#EEBE - #519778,000A.
20074E ST A IR E R B & 16505k & R L -5 A 0t EEREE - #21758,000A.
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Fig.2  Estimate of increases in demand for radiotherapy in Japan, based on statistical correction of annual changes in the number of new patients
per year at PCS survey facilities supported in part by the Grant-in-Aid for Cancer Research (No. 14-6) from the Ministry of Health, Labor
and Welfare'®, C denotes the total number of survey results in regular structure surveys by the JASTRO.
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Abstract: A national structure survey of radiation oncology in 2007 using questionnaires was conducted from
March 2008 to January 2009 by JASTRO, The response rate was 721 out of 765 (94.2%). Annual patient load/FTE
(full time equivalent) for radiation oncologists was 248.2. The corresponding data according to the institutional
stratification, including more than or equal to 1 FTE radiation oncologist (A) or less than 1 (B), were 212.9 and
157.0 (calculated as FTE=1 to avoid overestimation in B institutions), respectively. More than 300 patients/FTE
radiation oncologists (warning level for decline in the quality of care) were treated in one-fourth of the A institutions.

The data/radiotherapy technologists were 125.5. In designated cancer care hospitals, larger numbers of cancer
patients were treated with more functionally sophlstlcated linac and CT simulator than in other hospitals.

Geographically, there was a significant variation in patient load/FTE radiation oncologists from 130.7 to 391.6. As
for radiotherapy technologists, a variation from 87.3 to 258.6 was also observed. The number of cancer patients/
linac exceeded 400/year (warning level) in the institutions with heavy load/FTE radiation oncologists more than
or equal to 300/year (A) and in those where the number of new patients was more than or equal to 800/year.

Key words: Structure survey, Radiotherapy facility, Radiotherapy personnel
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Table 1  Annual numbers of cancer patients treated with radiation, linac, and by radiation oncology personnel. Plus, patients load/personnel
according to stratification of institution by FTE radiation oncologist

Mgk (721) AFEERB (316)* BHEER B (405)*
EBEY 284.4 205,087 44738 141,506 157.0 63,581
FRBEH 236.1 170,229 368.2 116,345 133.0 53,884
Linac& 3 1.1 807 1.3 426 0.9 381
THRIERIE 4 (FTE) B i 826.3 2.1 664.7 04 161.6
JASTROFESEE (B #h) % 0.7 477 1.3 407 0.2 70
EEFWFTERSTHRGEHESE 1 4 2482 212.9 157.0"
FrE BB YUFTERSHGRESE 1 & 206.0 175.0 133.0"
ARG R S AT (FTE) X 23 1,634.1 3.1 975.8 1.6 658.3
EBEHUFTERSTRIGEHELEN 1 & 1255 145.0 9.6
FHBEHFTERSGTHRGEHL M 14 104.2 119.2 81.9
TR G PR 4 350 (FTE) flinac 1 & 20 23 1.7
E24 P4 (FTE) 8 0.09 63.9 0.14 449 0.06 190
EBEHFTEEFYWEL 14 3,209.5 3,151.6 3,346.4
FHBREWFTEES Y 1 4 2,664.0 2,591.2 2,836.0
REEB T (FTE) 0.15 105.6 0.23 72.0 0.11 336
EEEBUFTERSHRAEREEEL 14 1,942.1 1,965.4 1,892.3
FHRBEYFTERGIHGRREEEL 18 1,6120 16159 1,603.7
BETREE R EEE % (FTE) linac 1 & 0.13 0.17 0.09

* FTE (full time equivalent) : B0 MBS RIGESEERICBRELE L -EEH v 87—,

* AMEERIB  FTE21 OHERE.
" BiiFR2 : FTE<1 DIGRE.
** FTE<1 DR OPF-AIIFTE=1 & L T,

20074 BT ARG B E MR T 765 iR L B L 7235 A 0 E B E L #2158,000A.
20074 I SHHRRE R IEM RS 2 765 R & R L /-5 & TR BE L - 185 1,000A.
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Table 2 Annual numbers of cancer patients treated with radiation, linac, by radiation oncology personnel. Plus, patients load/personnel in

designated cancer care hospitals according to stratification of institution by FTE radiation oncologist

£HEEk (324) AREERRE (203) BHEERRE (121)
EEEH 385.1 124,757 503.5 102,204 186.4 22,553
FHRBEN 319.6 103,551 414.3 84,098 160.8 19,453
LinacH#K 13 414 15 297 1.0 117
B R AREIE LR (FTR) 16 511.8 22 4512 0.5 60.6
JASTROZZEE (FEN# 1.1 344 15 311 0.3 33
EEEYFTERGHRGEHELSE 1 4 243.8 226.5 186.4
FRBERUFTERSIGRESE 1 & 2023 ‘ 186.4 160.8
TR EIE S0 (FTE) 27 883.5 33 670.9 18 212.6
EREBUFTERSHRIGEHELRA 1 & 1412 1523 106.1
TR BEBUFTERST IR RIBLER 1 & 1172 125.4 91.5
BEHRIGEIE L3568 (FTE) #/linac 1 & 2.1 23 1.8
E&iE4 (FTE) & 0.19 39.1 0.18 359 0.03 32
EERYFTERFYHEL 14 3,188.6 2,846.9 7,047.8
FHRBRERFTEES YL 14 2,646.6 2,342.6 6,079.1
GEEHLTH(FTE) 0.30 61.9 0.25 50.8 0.09 11.0
EBREYFTERARERRETEL 1 4 2,015.8 2,011.9 2,050.3
FHBEWFTERSHRERMEEET 1% 1,673 1,655.5 1,768.5
BB RS EEB T (FTE) linac 1 & 0.15 0.17 0.09

P BABTEEMR AR (B AL Y — R RFER - TRREET)3BBRD) b, BEHREEEZToTwiy, b LOdEERE

DEE Ao 7220085 & B\ 7o R

DEEETO% L LORER THEL Tz, . LA20% DHEzE
TIRHEEEETHH200NEBLTHELTV .
EmIEt
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SME+133,2095 A ThH o7
BEHRARAEEELT

SRR IEEMEEELFTERIZI056 ATH D, A
R TIE720A, BRER TII33.6 A ThHorz. EMEBRE Y
FTERSHRGFME EETI31,942 1A TH o 7.

2 EEA4y TORBHY /NI~ EEBEHER  »

SEREEILERRY

HADEEEAAFRRICOWT, BROBIT2ITo7
(Table 2). AMEEX(FTE 21)T102208 A\DEE FEHEL, B
MEE%(FTE <1) T22,553 ABE L Tz, Mgk, ARERR
203, BMERR121CdH o7z, linacBEE, FNFNFE 15
A, L0BTHo7
AR aEENE

1 MBI OFTERSHRIGRIESERIE, AMF22A, B
MRS ATH o7z, BEIDIJASTROREELIT, AMFR311
A, BRERR3IATH o7z, FHFEBERFTERSHRIGEE
LEIT2438A T, AR TIZFH265A, BRER T EE
1. LEIBRICFTE=1 & L7234, 1864ATH o7z, BIERRT
BB X 912, 305 FTEATIHEELTWS, Tihb0
BEHAWIIOWT, TRCOBMROEOHHE 25 &

(Fig. 3), AMERDE%IZERXT NV —T v 7 DFLHW. 9T
Z200 N/FTER SR G EELED Lo BEZHEELTY
7z, EA25% DR TIZBEEEETH 5300 A2 BR T
HEL T, BREERO EMI12% DO HERR TidoiE & E300
ARBLTHEL TV B 1L ERABICES T X,
F£4#50.5 FTEAOBAHRIGEREXEH L O T, BEOBEC
PRbRLBEEFABROZNI DV EEEETHLETH
5.
SRR Y AT

1 HEER O BEHRIE RIS HAFTERUL, AMERR33A,
BiEiR18ATHolz. FEHEBE UM HRIGHEIE LI
1412 C, AMEERTIXI523A, BRERR TIX106.1IATH o7,
linac 1 A7 ) ORETHIGEELFMFTERII2 1A T, Al
®TIE23A, BHERTIHISATH o7z EEIZ, Thb%T
RTOWERERTH ML AL L (Fig. 4), AFRRIZARB 7 V—
7'y o DFEEDTH 5100~ 150 NSRBI S H AT 0%
B EDBEETSL OB TAEL T E25%
B0 Tid, WEBSEETHL200A 2B TBEL T
7z. BRERRDS50% L EDORERR CHEMEL EBDEEE LT
Wi 0% DR T EEEEL B Tz
E4Et

EEOEZFYELFTERII0IATH Y, AR TIE359
A, BRERR CH32ATH o7z, EHEEEPFTEEZYE
+id3,188.6 A Tdh o/,
BEHRABRRETEL

SEOBEHE GRS EEBELFTERIIGIONTH Y, Al
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+ i
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& 500 ;’/,‘ patient load/FTE radiation
c 400 ;/ ) oncologists in designated cancer
Z 300 e o o pon oo g2l ?:j;?mg care hospital. Horizontal axis
[ s M - eyee .
3 s represents facilities arranged in
c 200 7 Blue Book
é T/ 7L =///"/'_I Gz Guidelines  order of increasing value of annual
100 y' number of patients/FTE radiation
0 oncologists within the facilities. .
Q1 Q2 Q3 Q4 Ql: 0-25%, Q2: 26-50%, Q3: 51—
¥ FTERO. <1 DIERIEFTERO=1 ELTHE  75%, Q4: 76-100%.
x 800 I |
’:3;0 700 — Faility group A 2007(n=203)
Ei 600 ~— Facility group B 2007 (n=121)
= ««=~ Facility group A 2005(n=142)10 }
Q .
g 500 «««+ Facility group B 2005 (n=124)1%
<
<
@ 400 Fig. 4 Distribution of annual
&,,, /.-r”j / patient load/FTE radiation techno-
é 300 /’ logists in designated cancer care
a == T [~ | Warning hospital. Horizontal axis represents
g 200 =T level faciliti d in order of
z = e N acilities arranged in order o
E 100 7770 Zl}..)/:w YLLLT727 2/ 7 2 777727 7/ T TV Blt{e B.o ok increasing value of annual number
£ = Guidelines
< P of patients/FTE radiation techno-
0

Q1 Q2 Q3

X FTEREREL <1 DR (17583%) R BE AT ORBAIHA 28 1) 5 /20, FTERMHE=1 &L THE

BTIXS08A, BB CTHILOACTH o7, EEEREH
FTER SRR GRS 32,0158 A TH o 7-.

3. MEEXFE (MAHRARIBYED < > /v 7 —) BlDlinactiss
B L UCT simulatorE {457

Table 3 IZHERRFUERI, T b bEEHREEELED <~
237 —BI(FTE 21 3 <1) Dlinac®D#ERER X U°CT simulatoriE
WoOFHERL TS, £EMIZIE, dual energyliftid
65.9%, 3DCRTHAE(MLCIE <lcm)id64.2%, IMRTHESEIE
257%, IGRTHEREIZ12.9%, FIECTHREIZ6.4%, FRATALE
B EHEAEIZ12.2% , CT simulatort365.6% IR S LTz,
TERRBRITIE, AMERRTIZFNZNT88%, 782%, 41.5%,
- 22.8%, 89%, 19.6%, T12%\FEHSN Tz BIEERTCIE
TNEN545%, 52%, 13%, 5.1%, 43%, 63%, 55.2%I2
B S Twv7 AR B Dlinac® & # 58 LCT
simulatorfR BERIZIE, FNENF0BDEENEE IR

—7, BPABEEERAFEY CIE, £E9113dual
energy % 88 1379.9%, 3DCRTHEEEX74.7%, IMRTHEfEIZ

logists within the facilities. QI:
0-25%, Q2: 26-50%, Q3: 51-75%,
Q4: 76-100%.

Q4

33.6%. IGRTHEEEIL16.4%, FIZECTHEREIL7.7%, REH{IE
BEE1AEIX16.7%, CT simulatori744% 28N, =
ATIL, AREERTIZENENE72%, 852%, 453%, 25.1%,
103%, 222%, 81.3% 2, BHE 3% Tk & L 7 h678%,
57.0%, 14%, 1.7%, 33%, 7.4%, 628%IZEH S hTw
7o, R, FERRB B Dlinac® &-48EE & CT simulatoriy B=
Wi, TNENRH0%BDEEVBEINS. 2E LA

FREB SRR TIE, linacB8EE £ CT simulatortZ it # 2

NI0BDEEPBR SN

4. WEFIOWSHRAEEREY, BHERARIEYEL L
UBEHRARIE LMY - OBEHER

Table 4 12, #BEAFEBIOADY, WEEEEEREHK
FrE+HR), MR, JASTROFPEES, FTERSHHIGE
HUEHB LU 1 FTERSTRGRIESE Y- Y 0ERER
(BEAT), FTERUSRGHIE LB LU 1 FTERSY
PG LML) OEBEKR(BEEM), FTEEFY
BH, FTERSTHRERMEETELIHERL WA, 1 FTE
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Table 3 Number of equipments and their functions in both nationwide and designated cancer care hospitals according to
. stratification of institutions by FTE radiation oncologist

EHEEk (%) AREERRE (%) BHizEE (%)
EERSTHRIE R T21HEER 316/EE% A05HEER
linac 807(94.3) 426(95.6) 381(91.1)
with dual energy function ' 539(65.9) 312(78.8) 227(54.5)
with 3DCRT function (MLC width=<1.0 cm) 555(64.2) 338(78.2) 217(52)
with IMRT function 235(25.7) 180(41.5) 55(13)
with IGRT function 108(12.9) 87(22.8) . 21 (5.1)
with CT on rail 47 (64) 29 (89) 18 (4.3)
with treatment position verification system 110(12.2) 84(19.6) 26 (6.3)
CT simulator 497(65.6) 261(77.2) 236(55.2)
HA BB SIRIE 32454E% 203HtE% 121Hi8%
linac 414(97.8) 297(99.0) 117(95.9)
with dual energy function 312(79.9) 229(87.2) 83(67.8)
with 3DCRT function (MLC width=<1.0 cm) 312(74.7) 243(85.2) 69(57.0)
with IMRT function 147(33.6) 130(45.3) 17(14)
with IGRT function 65(16.4) 63(25.1) 2 (17
with CT on rail 26 (1.7) 22(103) 4 (33)
with treatment position verification system 72(16.7) 63(222) 9 (7.4)
CT simulator 254(74.4) 175(81.3)

79(62.8)

BTG SRR - ) 0EBEH(BEAT)IE, 3916A
(FRE) 251307 A (BRE) I TOREWN - gy
PEE SNz | FTERSTRIGEEYSEMS - Y 0EEE
HOBEAMICDH, 2586 N(UELIE) 2 5873A KA E) &
TOWBBVIN) T—a rhd otz

EZYBELFTERIIREHPI0SAERDLE L, KRNT
biEE63N, KEHF42ADIETH o7z 9 B(EF, &
W, 8 B k8 k5 B EEE)TRETHo
7o BEHREBEGEEELFTERIEEEI 146N L&D
%<, WATKRRAFI141A, HEETSANE o7 3 B
(B8, KK, Wl) TRETHo7

5. BEMERS LUKRRBRO ST

Table 5 12, BATHRIGEE LR OFEHBEMERFTHB00A
PEREFRT V-7 y 7 Wk EBEE) OBHEW iR
ML) OB BEEIBOALU LOKBERERICOWT, A
Ty THEEERLOBBODEIIRLTWS, BEWHER
D) LBMERE TSRS Y, BIHREEIENETEIE
0.58 FTEA, FAMREBII83MEZDH D, 135 FTEATH o
7o PBEHREEELEMFTERIL, Zh2h227A,
318ATH o7z, FHEMEEERILI4TAL5420AT
ot —F, RBEHERIT2AMEHRD Y, BEHEEEEY
E#1i3FH649FTEAN T, FHRETMIAHFIBUHMFTESR
739N THY, FHEMEBERIILBIATH o7 1
FTERETHAEHRE M E L /2 ) 0 BE T AT (1288.9/6.49=198.6
MNBHRT V=T 974 T4 DRl E o T
7o, TNHOMEHROHITA A% Table 6 IIRL T2, BH
WHRO ) LBIERBO b DO, SFICH~BIR, Hic
Y&, AMREILEE, BR, HECLV S

KIBEMBERILHEE, BRICI DS o7 EEROERBEK
S %Table 7 W RL TV A, BREWHEEBHRE) L, G:

EvAALYT— BAFEYyY— FFAL =
H: E#EEA EMMambE EARE fofsefs b
LTENE L RoTw:, BREWFHERAMKERE) W, Gk
O RTFHE FEaWkE 4%/ ANttwk BERE 4
B/ HE/ A/ BEERRENLNE koT
fo. —F, RBEMBRIIU: KB K KR29% LG

38.1% D KEZTdH o7,

Table 8 12, TN DRERDEAFTH 16BN & F0H%
BOEFREZRLTYWS, BB BHRE) L4
EHBL, HEBBRHEEOBRBETEL T
brachytherapy B B BIXEN TS, F(AKGRE) L, 4
HEHEEOREEEF I VLR EH>THY, brachy-
therapy2£ B 13 5 £/85, CTsimulatorid&HHb 7ENTERL
TWie, KEBEREHR T, 3DCRTHERE 9 €, IMRTHE R
65.5%, brachytherapy2i&1390.5%, CT simulatori95.2%12
B LT, linac 1 B4 ) DEMEBSHEMNIT, 7
NZN3604A, 4062N, 466 TATH Y, # 2 HETHEM
TN—T 7 W ORELEEIONZEE LTV

Table 9 12, ZHODMRDOBEHEGREER L 208
SEEERFEELBLTRLTWA, 3 HRBEOICEM
(1 PIBRSY, *J7@ 2 PIERED) A5 L€, MG FILLEDRR
5, EERE, BEERF)ISEI AN, BRETHRA
WEERE) TRREROFHEDEVIIHL T TH o7 Table
1012, BWHRIEEOBITHBME)ERL TS BRER
5, MRS, BRI - PR, EAWHERBHES
B)TEEIVETLTN22S, F(ARERE) CldLfkon 2
FEOEEOMERT, KEEMHHRTIL 4~6 BOEE DR
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Table 4 Number of patients, facilities, certified personnel, patient load/personnel ac'cording to prefecture

133

st hE BRI

FTEMSIRIGE FIEMGTRRIGRE

WERR Ao, EEEEC A (RU%:) JAsRO - MuEm  mummm D TIEEAR
Looo A CAELOOOA — AD, Bfr: REEH W (REHEW (REEW  ym Ly memppy
’ Wi EBEH 1,000A) FTE: A) B A)
b 5,570 10,951(2.0) 30(186) 30 49.2(222.6) 64.5(169.8) 6.3 76
EHE 1,407 1,933(1.4) 10(141) 10 9.5(203.5) 17.9(108.0) 03 1.4
BFE 1,364 1,986(1.5) 9(152) 2 8.8(225.7) 16.3(121.8) 0.0 0.1
BERE 2,347 4,888(2.1) 13(181) 10 19.1(255.9) 32.1(152.3) 0.7 1.1
HEE 1,121 2,064(1.8) 11(102) 3 8.8(234.5) 19.9(103.7) 0.7 0.7
s - 1,198 1,471(1.2) 7(171) 5 6.7(219.6) 10.7(137.5) 038 0.9
BEE 2,067 2,411(1.2) 9(230) 4 11.8(204.3) 253 (95.3) 0.9 0.1
FIR 2,969 3,885(1.3) 16(186) 4 12.7(305.9) 30.4(127.8) 0.6 26
AR 2,014 3,105(1.5) 10(201) 7 12.2(254.5) 31.6 (983) 11 14
BER 2,016 4,026(2.0) 14(144) 19 - 27.2(148.0) 30.5(132.0) 04 23
BEE 7,000 6,302(0.9) 19(373) 17 24.9(253.1) 45.8(137.6) 2.1 4.0
FEE 6,098 8,801(1.4) 24(254) 24 42.4(207.6) 72.7(121.1) 3.6 3.6
BHER 12,758 27,478(2.2) 73(175) 58 103.4(265.7) 206.1(133.3) 105 14.6
WA 8,880 12,909(1.5) 38(234) 30 43.4(297.4) 102.0(126.6) 18 6.4
i 2,405 3,852(1.6) 13(185) 6 12.6(305.7) 31.3(123.1) 0.8 03
Elg 1,106 1,701(1.5) 8(138) 4 52(327.1) 19.2 (88.6) 0.1 12
AE 1,170 2,273(1.9) 8(146) 3 7.7(295.2) 17.2(132.2) 30 0.6
TBHE 816 993(1.2) 6(136) 4 5.7(174.2) 8.8(112.8) 1.7 0.2
1i0l=) 877 1,293(1.5) 4(219) 3 59(219.2) 5.0(258.6) 02 0.1
REE 2,180 3,492(1.6) 15(145) 6 10.2(342.4) 26.2(133.3) 0.8 1.8
Iz .12 2,104 2,976(1.4) 10(210) 4 7.6(391.6) 23.0(120.4) 0.6 1.1
BHEE 3,801 7,144(1.9) 27(141) 17 25.1(284.6) 719 (99.4) 34 3.3
FHE 7,360 10,405(1.4) 37(199) 14 38.9(267.5) 80.3(129.6) 13 3.7
=BE 1,876 2,385(1.3) 13(144) 6.4(372.7) 20.4(116.9) 02 1.6
R 1,396 2,059(1.5) 11(127) 3 7.6(270.9) 21.5 (95.8) 0.5 1.9
FURBAT 2,635 4,609(1.7) 14(188) 14 22.3(206.7) 33.3(138.4) 0.8 25
KEAT 8,812 14,070(1.6) 51(173) 34 59.5(236.5) 1442 (97.6) 42 14.1
EEE 5,589 9,146(1.6) 35(160) 25 37.1(246.5) 85.4(107.1) 1.9 4.3
mRE 1,410 - 2,278(1.6) 7(201) 7 9.1(250.3) 193(1180) 19 1.1
LR 1,019 1,627(1.6) 9(113) 4 9.6(169.5) 172 (94.6) 13 1.2
ERE 600 1,160(2.0) 6(100) 1 3.8(305.3) 99(117.2) 0.0 0.7
EiRIE 731 941(1.3) 5(146) 6 7.2(130.7) 9.0(104.6) 0.5 0.0
FLE 1,953 3,326(1.7) 11(178) 8 15.0(221.7) 25.5(130.4) 12 22
hBE 2,873 5,489(1.9) 18(160) 18 22.5(244.0) 34.6(158.6) 1.4 33
i ] =N 1,474 2,216(1.5) 14(105) 5 103(215.1) 18.3(121.1) 3.6 1.1
BeR 800 L1314 3(267) 2 6.6 (168.6) 11.1(1003) 0.0 0.1
EFNE 1,006 1,409(1.4) 6(168) 4 6.4 (220.2) 8.7(162.0) 0.2 13
FIRR 1,452 2,411(1.7) 12(121) 7 10.4(231.8) 18.5(130.3) 03 23
IR 782 1,340(1.7) 6(130) 3 5.1 (262.7) 8.8(152.3) 0.0 1.0
TR 5,056 9,263(1.8) 27(187) 22 34.8(266.2) 54.1(171.2) 22 43
EER 859 871(1.0) 4(215) 2 3.5(248.9) 5.0(174.2) 0.0 0.0
RIFR 1,453 2,306(1.6) 8(182) 5 7.3(315.9) 13.5(170.8) 1.4 0.4
REARIE 1,828 3,563(1.9) 14(131) 4 14.1(252.7) 31.0(114.9) 02 14
Ko 1,203 2,008(1.7) 13(93) 2 76(264.2) 23.0 (87.3) 0.0 0.2
BIFR 1,143 1,503(1.3) 5(229) 2 4.6(326.7) 8.6(174.8) 0.0 0.0
BERBE 1,730 2,386(1.4) 12(144) 6 11.9(200.5) 15.5(153.9) 0.0 1.0
RRE 1,373 1,269(0.9) 6(229) 4 4.6(275.9) 9.0(141.0) 0.4 0.0
et 127,771 205,087(1.6) 721(177) 477 826.3(248.2) 1,634.1(125.5) 63.9 105.6

20074 SRR R E AR B2 7655k & HERI L 735 & 0

FEBEH  #92178,000A. '
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Table 5 The average number of cancer patients treated with radiation and radiation oncology personnel in institutions according to patient load/
FTE radiation oncologists or number of new patients

" all facilities heavy load/FTER.O." heavy load/FTE R.O." new patients 2800
(n=721) institution in group B (n=35) institution in group A (n=83) institution in all facilities (n=21)

FHEBIREER 236.1 3232 421.0 1033.2

FHEMERER 284.4 3947 542.0 1288.9

ST AE SEFTE 115 0.58 135 6.49
PR RIGRIRSHAFTER. . 227 227 3.18 7.39
SEYEFELFTER 0.09 0.06 0.08 0.70
PIMEHREEREEERELFTER 015 0.09 0.20 0.62

* annual no. patients/FTE R.O. 2300, BHERRBIIFTE=1 & L CFtH.

Table 6 Region and number of radiation oncology facilities according to patient load/FTE radiation oncologists or number of new patients

s TR E heavy load/FTE R.0. (%) heavy load/FTE R.O. (%) new patients 2800 (%)
(ERERFESD (%) institution in group B (n=35) institution in group A (n=83) institution in all facilities (n=21)
JbEE (1) 30 (42 1 (29) 9 (10.8) 2 (95)
Hk(6) 59 (8.2) 2 (57) 2 (24) ‘ 1 (48)
M3 (8) 198 (27.5) 14 (40.0) 30 (36.1) 12 (57.1)
B8 - JLBE(S) 50 (69) 2 57 7 (84) 1 (48
. K@) 87 (12.1) 3 (8.6 12 (14.5) 2 (9.35)
gk (6) 127 (17.6) 7 (20.0) 9 (10.8) 2 (9.5)
HE(5) 54 (7.5) 2 (57 3 (3.6 0 (00)
TuE(4) 21 (37 1 (29 1 (12) 0 (0.0)
N - whAE(8) 89 (12.3) 3 (8.6) 10 (12.0) 1 (48)
£ (47) 721°(100) 35(100) 83(100) 21(100)

* D00T4E AT B MR B3 765065 L BB &, 7215651394292 AH,

Table 7 Number of facilities (%) by their category according to patient load/FTE radiation oncologists or number of new patients

Total
U G N P o} H
all facilities (%) 114(158) 29 (40) 65(00) 208(288) 174(24.1) 131(182)  721(100)
heavy load/FTE R.O. institution in group B(%) 6(17.1)  4(11.4) 1(29) 7(200)  8(229)  9(257)  35(100)
heavy load/FTE R.O. institution in group A(%) 12(14.5) 8 (9.6) 5(6.0) 17(205)  23(27.7)  18(2L.7)  83(100)
new patients 2800 institution in all facilities (%) 9(429) 8(38.1) 0(0.0) 1(48) 1(48 2 (95) 21000

R

< KREMBERER '
CEUBAESY— - BARE Y — EBALY I —
DOYATEE A BRI (AL Y Y —EE KR O
DA (EERFETE L) RRSAL Y ¥ —FERRC)
D RERE EBEATR %/ AtEE BR AR EREFRREBEERRS
C EEEA, EMsHER BARKE, ot

mowZQC

THAITL T, £5RIHE, 229%, 49.4%, 714% D TPEDISBLEE B o Tz, BEBIIE(E2T
HCHAITL Tz, BN BEI24TIE258%, Th vz FE(ARRE) TR, REBREETHELY
ZNA457%, 434%, 66.7% DHEFE THIT L Tz EM B BEBREL RoTw e KBEHEER TR, BE
C(REER) BEHI SR TIE17.1%, FNREFNI7.1%, 30.1%, B, BESL O IENICES LT

81% DI THIT L T/, IMRTIE &K T 8.0%, #1¥F
N5.7%, 133%, 714% DR THIT L T 72, Table 11 = =
iz, BER, BEBOSBSNRIGERERERII N T 5T -

HEERL D, BAWERBHRE) CRHESr£E LEDE 9 RIASTROZEHEEAEEROLBRICO
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Table 8 Number of equipments and their function in radiation oncology facilities according to patient load/FTE radiation oncologists or number

of new patients
. heavy load/FTE R.O. heavy load/FTE R.O. ients 280
(,;‘3)?7[%%% (*&EE) & all facilities instit}tlltion in gr()\lx{p% institﬁtion in grotlfp A irlstrilteuvtvic}?ril tilr?zlill facil(i)ties
i (n=721) (0=35) (n=83) (n=21)

linac 807 34 103 58

with dual energy function 539 66.8%" 25 735% 71 689%' 45 77.6%

with 3DCRT function 555 68.8%" 22 64.7%"° 77 748%" 53 914%"

(MLC width=<1.0 cm)

with IMRT function 235 29.1%" 11 324%' 38 369%" 38 655%°

with IGRT function 108 134%" 4 11.8%° 17 165%" 22 379%°

with CT on rail 47  58%' 0 0% 7 68%' 4 69%°

with treatment position 110 13.6%' 4 118%" 18 175%" 22 379%

verification system
annual no. patients/linac 2432™ 3604" - 406.2™ 466.7
betatron 0 0 0 0
telecobalt(actual use) 28(15) 0(0) 33) 1V
Gamma Knife® 46 7 11 2
other accelerator 15 0 0 3
new type Co-60 RALS 16(16) 22%™(22%)  1(1) 29%"(2.9%) 3(3) 36%™(3.6%) 0(0)
(actual use) :
old type Co-60 RALS 39(29) 54%(40%)  3(3) 8.6%™(8.6%) 8(7) 9.6% " (8.4%) 1(1) 4.8%™(4.8%)
(actual use)
Ir-192 RALS (actual use)  127(123) 17.6%"(17.1%) 4(4) 114%™ (11.4%) 27(27) 325%"(32.5%) 18(18) 85.79%(85.7%)
X-ray simulator 45 609%™ 18 45.7% 52 627%™ 19 905%™
CT simulator 497 656%™ 26 71.4%* 63 711%™ 25 952%™
RTP computer(2 ormore)  1,070(168) 43(8) 144(33) 121(20)

linacDEHUIH§ HHEREDEI &

* linacASRREBE I TR WHER Z RV 77 2 5 EH (=680, 77, 31).
BT EELTVABROSE EEAMIIZ IR 280 EHBEELTWELOLEINE).

Table 9 Number of reimbursement request on radiation treatment planning by complexity and patient load/FTE radiation oncologists or

number of new patients

BTG RE A (REHEREERRHIC T 2818)

heavy load/FTER.O.(%) heavy load/FTER.O.(%) new patients 2800{%)

EEHER all f? Cl_lgicgs.§ %) institution in group B institution in group A institution in all facilities
n=, (n:lg*) (n=61') (n=21>
R 67,174(46.8) 2,400(40.7) 13,396(45.1) 8,393(38.9)
(1 FIEBSY, 1A 2 PIREAY) 17446, 400(40. 396 (45. 393(38.
il .
(GEfd1 2 PIEBSS, 3 PIEBST) 41,189(28.7) 1,629(27.6) 8,447(28.4) 6,303(29.2)
2
(4P EomA, ERmS, Rimsn 2P 1871(31.7) 7,857(26.5) 6,396(31.9)
| Gl 143,602 5,900 29,700 21,502

SRR EERFEREREACTH o ik R RV 7T — 7 b E .

T, 81 THEAERE LY. 209 T, it
BEREEHOMUDPETOPCSTOFRIN S LETHIC
%o TWzds, &FABRE ORI HEEEREIL261%
TH N7, 2005E024.5% & D 1.6%HIL TV, linacDE
FERERCT simulatoriREEND LI, EHIFZIVEVD
DITHESN T LaL, BERBFREBLSEZOMBY
BT5Thalrorz, 1| FTERSHRABELEDE S EMD
ABEER G E+ER) 22482 ATH Y, BEL 14N

L, kEBIVHADTNM—T v 7 OEEY DA %
S RDNERBLTW COBSHREERBUEBOTRENK
SHRGREMOBMAL, BB T, XBAY v VE
LOLVPEDHRRSEEHESELERIZZoTV W
7, 2005EEMRER SN, SBROBSHEERFSFOR
BOI:DIZIBSHREERELOCICTIBA S v 73801
ZEDPEERETHD. ARETIER, bIPEOHREHEE
AEBRICOEDWTIELIBIBL, MRS ABEICH



136 FE IEHE

Table 10  Special radiation therapy other than external irradiation according to patient load/FTE radiation oncologists or number of new patients

SRR A all facilities (%) heavy load/FTE R.0.(%) heavy load/FTE R.0.(%) new patients 2800(%)
(n=721) institution in group B (n=35) institution in group A (n=83) institution in all facilities (n=21)
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Table 11  Annual number of total cancer patients (new-+repeat) treated for brain metastasis and bone metastasis by patient load/FTE radiation

oncologists or number of new patients

EEEY (BAREEREEERIUCHT 2818)
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Salvage esophagectomy after high-dose chemoradiotherapy for
esophageal squamous cell carcinoma

Yuji Tachimori, MD, Norio Kanamori, MD, Norihisa Uemura, MD, Norikazu Hokamura, MD, Hiroyasu Igaki, MD, and
Hoichi Kato, MD

Objective: Chemoradiotherapy is a popular definitive therapy for esophageal carcinoma among many patients and
oncologists. Although the complete response rates are high and short-term survival is favorable after chemoradiother-
apy, persistent or recurrent locoregional disease is frequent. Salvage surgery is the sole curative intent treatment
option for this course of the disease. The present study evaluates the safety and value of salvage esophagectomy
for locoregional failure after high-dose definitive chemoradiotherapy for esophageal squamous cell carcinoma.

Methods: We reviewed 59 consecutive patients with thoracic esophageal squamous cell carcinoma who under-
went salvage esophagectomy after definitive chemoradiotherapy. All patients received more than 60 Gy of radi-
ation plus concurrent chemotherapy for curative intent. The data were compared with those of patients who
received esophagectomy without preoperative therapy.

Results: Postoperative morbidity and mortality rates were increased among patients who underwent salvage
esophagectomy compared with those who underwent esophagectomy without preoperative therapy (mean hospi-
tal stay, 38 vs 33 days; anastomotic leak rates, 31% vs 25%; respiratory complication rates, 31% vs 20%; re-
intubation within 1 week, 2% vs 2%; hospital mortality rates, 8% vs 2%). Tracheobronchial necrosis and
gastric conduit necrosis were highly lethal complications after salvage esophagectomy; 3-year postoperative
survivals were 38% and 58 %, respectively. »

Conclusion: Patients who underwent salvage esophagectomy after definitive high-dose chemoradiotherapy
had increased morbidity and mortality. Nevertheless, this is acceptable in view of the potential long-term survival
after salvage esophagectomy. Such treatment should be considered for carefully selected patients at specialized

centers.

ageal cancer accessed using the National Cancer Database of
the American College of Surgeons have shown that radiation
combined with chemotherapy is the most frequent treatment
strategy for all stages of squamous cell carcinoma in the
United States.’

Although complete response (CR) rates are high and
short-term survival is favorable after definitive CRT, locore-
gional disease persists or recurs in 40% to 60% of patients.*
The only curative intent treatment option for locoregional re-
lapse is salvage surgery.® Such patients are at increased risk
for esophagectomy because they have been treated with
higher doses of radiation and the treatment is usually com-
pleted months beforehand.®

Surgical resection has been the standard treatment for local-
ized esophageal squamous cell and adenocarcinoma for sev-
eral decades. Despite many efforts to improve surgical
resection, the associated mortality and morbidity rates re-
main high and the postoperative quality of life is unsatisfac-
tory. Management algorithms for patients with esophageal
carcinoma have changed during the last 2 decades. Multidis-
ciplinary approaches have included surgery, radiotherapy,
and chemotherapy, alone or in combination. The Radiation
Therapy Oncology Group trial (RTOG 85-01), which added
chemotherapy to radiotherapy for resectable esophageal car-
cinoma, has established chemoradiotherapy (CRT) without
surgery as one standard for definitive treatment.'> Many

patients and oncologists have accepted the nonsurgical
approach with CRT as definitive therapy for esophageal
carcinoma. Evaluations of consecutive patients with esoph-
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The present study evaluates the safety and efficacy of sal-
vage esophagectomy for locoregional failure after high-dose
definitive CRT for esophageal squamous cell carcinoma. We
retrospectively reviewed all patients who underwent esoph-
ageal resection between 2000 and 2006 at the National Can-
cer Center Hospital and selected all patients undergoing
salvage esophagectomy after failed definitive CRT (n =
59). We compared the data with those of patients treated
by esophagectomy without preoperative therapy during the
same period (n = 553).

MATERIALS AND METHODS
We reviewed 59 consecutive patients with thoracic esophageal squamous
cell carcinoma who underwent salvage esophagectomy after high-dose

The Journal of Thoracic and Cardiovascular Surgery » Volume 137, Number 1 49
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Abbreviations and Acronyms
CR = complete response
CRT = chemoradiotherapy
RTOG = Radiation Therapy Oncology Group

definitive CRT between 2000 and 2006 at the National Cancer Center

. Hospital, Tokyo. All selected patients had received more than 60 Gy of ex-

ternal beam radiation as high-dose definitive CRT without planned surgery.
The chemotherapeutic regimens for these patients predominantly comprised
5-fluorouracil and cisplatin concurrently with radiation therapy. These pa-
tients included 22 who were initially treated at other hospitals with definitive
CRT and who were admitted to the National Cancer Center Hospital after
the primary tumor relapsed. We reviewed the other hospital records of these
patients to confirm treatment details. Assessments of these patients indicated
that 23 had achieved CR after CRT, but disease relapsed later. The remain-
ing 36 patients had not achieved CR and underwent salvage surgery for
residual tumors.

The data were compared with those of 553 patients who underwent
planned esophagectomy without preoperative therapy during the same pe-
riod. Long-term outcomes, encompassing overall survival, were obtained
from hospital records and the tumor registry. Overall survival was calcu-
lated from the day of surgery until death or was censored at the time last
known to be alive.

Data were statistically analyzed using the Pearson chi-square test or the
Fisher exact test as appropriate, Kaplan—Meier survival curves were esti-
mated with differences based on patient characteristics assessed by the
log-rank test to compare the distribution of survival. Survival of the 54 pa-
tients who underwent salvage esophagectomy after CRT, excluding perio-
perative deaths, was examined using univariate and multivariable analyses.

RESULTS

Table 1 compares the clinical characteristics of patients
who underwent salvage esophagectomy after CRT (salvage
group) with who did not receive preoperative therapy. The
salvage group contained more male patients and less ad-
vanced pathologic stages, but age and tumor location did
not significantly differ. Of 7 patients with no pathologically
residual tumors (pT0) in the resected esophagus, analysis of
preoperative endoscopic biopsy revealed that 2 had tumor
cells. Another 5 patients had stenosis and ulcers with a thick-
ened wall according to computed tomography examinations
suggesting recurrence. All patients with M1 had lymph node
metastasis in the neck or celiac area. These patients were in-
dicated for 3-field dissections at the National Cancer Center
Hospital.” Patients with distant organ metastasis were not
candidates for esophagectomy.

Table 2 compares the surgical procedures and results
between the 2 groups. Surgical procedures significantly
differed, such as in the extent of lymphadenectomy and
reconstruction route. The salvage group tended to have
fewer cervical anastomoses (75% vs 96%), reflecting
a lower proportion of 3-field lymph node dissections
(41% vs 91%). Anastomotic techniques in both groups
were similar: Neck anastomosis was performed with the sin-
gle-layer interrupted hand suture technique, and thoracic

TABLE 1. Clinical characteristics and pathologic factors

Salvage after No preoperative

CRT n =59 therapy n = 553 P value
Gender (No.)
Male 57 (97%) 483 (87%) .0330
Female 2 (3%) 70 (13%)
Age ()
Median 63 62 0821
Range 34-75 41-83
Location
Upper 13 (22%) 88 (16%) 4839
Middle 26 (44%) 261 (47%)
Lower 20 (34%) 204 (37%)
pT
pTO 7 (12%)
pTl 11 (19%) 176 (32%) <.0001
pT2 5 (8%) 62 (11%)
pT3 30 (51%) 277 (50%)
pT4 6 (10%) 38 (7%)
pN
pNO 38 (64%) 161 (29%) <.0001
pNI 21 (36%) 392 (71%)
pM
pMO 52 (88%) 440 (80%) 1238
pM1 lym 7 (12%) 113 (20%)
pStage
pStage 0 6 (10%) 0006
pStage 1 5(9%) 93 (17%)
pStage A 20 (34%) 58 (11%)
pStage 11B 5(9%) 100 (18%)
pStage 11 16 27%) 189 (34%)
pStage IVA 2 (3%) 19 (5%)
pStage IVB 5 (9%) 84 (15%)

CRT, Chemoradiotherapy.
M1 lym had lymph node metastasis in the neck or in the celiac area.

anastomosis was performed with the stapling technique.
The rate of noncurative surgery (R1, R2) tended to be
more frequent in the salvage group (15% vs 9%), but the
difference did not reach statistical significance.
Postoperative morbidity and mortality rates were in-
creased in the salvage group compared with those who did
not receive preoperative therapy (Table 3). The salvage
group had more respiratory complications (32% vs 20%),
including more empyema, mediastinitis, and trachecbron-
chial necrosis. Tracheobronchial necrosis developed in 4
patients in the salvage group. Tracheobronchial necrosis
without anastomotic leak in the neck developed in 2 patients;
1 patient died and 1 patient survived after an omental patch
was grafted onto the tracheobronchial fistula. All patients in
both groups were extubated in the operating room immedi-
ately after surgery. The ratio of those requiring reintubation
and ventilation within 1 week after surgery was not in-
creased in the salvage group (2% vs 2%), whereas rates
of anastomotic leakage (31% vs 25%) and wound infection
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TABLE 2. Surgical factors

TABLE 4. Causes of postoperative hospital mortality

Salvage after  No preoperative

Salvage after No preoperative

CRTn =159

CRT n =59 therapyn =553 P value therapy n = 553

Resection approach Tracheobronchial necrosis 1 (2%)

Right thoracotomy 56 (95%) 539 (97%) 2740 Conduit necrosis and 2 (3%) 1(0.2%)

Left thoracotomy 3(1%) tracheobronchial necrosis

Transhiatal 3(5%) 11 (2%) Leakage and arterial bleeding 1(2%) 1 (0.2%)
Lymph node dissection Radiation pneumnonitis and 1(2%)

3-field 24 (41%) 504 (91%) <.0001 cardiac failure

Others 35 (59%) 49 (9%) Pneumonia 3 (0.5%)
Reconstruction conduit Leakage and mediastinitis 5(0.9%)

Stomach 56 (95%) 506 (92%) 6931 CRT, Chemoradiotherapy.

Colon 3(5%) 42 (8%)

Jejunum 2(4%) chial necrosis without anastomotic leak in the neck. A leak
Reconstruction soute into the posterior mediastinum developed in 1 patient, caus-

Anterior 26 (44%) 404 (13%) <0001 ing mediastinitis and tracheobronchial necrosis; this patient

Posterior 31 (53%) 132 (24%) .

Subcutaneos 2 (3%) 17 3%) survxve'd after an omental patch was graﬁed onto the tracheQ-
Anastomosis bronchial fistula. A leak and fatal bleeding from the carotid

Cervical 44 (15%) 530 (96%) <.0001 artery developed in 1 patient. After these events, the recon-

Thoracic 13 (22%) 17 (3%) struction route was changed to the posterior mediastinum

Subcutaneous 2 (3%) 6 (1%) with intrathoracic anastomosis and omental cover onto the
Curability tracheobronchus. However, gastric conduit necrosis in the

RO 50 (85%) 505 (91%) .1018 posterior mediastinum caused mediastinitis and tracheo-

R1,R2 9 (15%) 48 (9%) bronchial necrosis in 2 patients. After these events, the

CRT, Chemoradiotherapy.

(27% vs 15%) were significantly increased in the salvage
group.

Mean hospital stay (38 vs 33 days) tended to be increased
in the salvage group in parallel with increased postoperative
morbidity. The hospital mortality rate (8% vs 2%) was sig-
nificantly increased in the salvage group. Table 4 lists the
causes of postoperative hospital mortality. A reconstruction
via the anterior mediastinum with cervical anastomosis is
our standard procedure. One patient died of tracheobron-

TABLE 3. Postoperative morbidity and mortality

Salvage after No preoperative I4
CRT n =59 therapy n =553 value
Respiratory complication 19 (32%) 113 (20%) 0452
Pneumonia 6 (10%) 46 (8%)
Empyema and 7 (12%) 27 (5%)
mediastinitis
Tracheobronchial 4 (7%) 1(.2%)
necrosis
Recurrent nerve paralysis 11 (19%) 127 (23%) 3396
Ventilation within 1 wk 1 (2%) 10 2%) >.9999
Tracheotomy 2 (3%) 6 (1%)
Anastomotic leak 18 (31%) 138 (25%) 0034
Conduit necrosis 2 (3%) 1(.2%)
Wound infection 16 (27%) 83 (15%) .0163
Hospital stay (d) 38.3 £ 35.1 312+ 338 1279
Hospital mortality 5(8%) 10 (2%) 0099
Operative mortality 1 (.2%)

CRT, Chemoradiotherapy.

reconstruction route was returned again to the anterior medi-
astinum with cervical anastomosis. Neck dissection was
canceled in the salvage group, in contrast with the other
group who underwent 3-field dissection as a standard proce-
dure. One patient died of interstitial pneumonitis and cardiac
failure, which were presumed to have been caused by late
toxicity of CRT. Three patients in the salvage group died
of respiratory failure and cardiac failure, which were pre-
sumed to have been caused by late toxicity of CRT, more
than 12 months after salvage surgery.

According to differences in operative morbidity and
mortality, overall survival was significantly better in the
group who received no preoperative therapy (Figure .

1.0
8
No preoperative therapy (n=553)
£ o "
: ’ N M” mﬂlﬂ‘.l” §
2 e, iV
£ 4 ,
a | s it el
Salvage after CRT (n=59)
2
0
0 1 2 3 4 5 6 7
year (Kaplan—Meier)

FIGURE 1. Overall survival curves of patients undergoing salvage esoph-
agectomy after definitive CRT (n = §9) or no preoperative therapy (n =
553). CRT, Chemoradiotherapy.
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FIGURE 2. Overall survival curves of patients undergoing salvage esoph-
agectomy (n = 54) according to CRT response (excluding perioperative
deaths, n = 5). CR, Complete response.

Three-year postoperative survivals were 37.8% in the sal-
vage group and 60.8% in the group without preoperative
therapy.

We evaluated the factors associated with long-term sur-
vival after salvage esophagectomy in the 54 patients who
survived the perioperative period. Univariate analysis re-
vealed no associations between increased survival and any
of gender, age (<60 or >60 years), tumor location, CRT re-
sponse (recurrence after CR or non-CR; Figure 2), time from
CRT to salvage esophagectomy (<12 or >12 months), or
pathologic N and M factors (Table 5). Pathologic T factor
(T1-3 or T4) and RO resection (RO or R1-2) were associated
with increased survival (Figures 3 and 4). Patients with path-
ologic T4 and those with noncurative resection (R1-2)
closely overlapped. Of 6 patients with pathologic T4 tumors,
RO resection was performed in only 1 patient via combined
resection of the pericardium. Noncurative resection was also
completed in 2 patients with peritoneal dissernination and in

TABLE 5. Univariate and multivariate analyses of salvage
esophagectomy long-term survival

UnivariateMultivariate

95% CI P value

Characteristics P value HR
Gender (F/M) 9288 1.574  0.168-14.710 .6910
Age (=60 y/<60 y) .8989 3471 0.997-12.084 .0505
Location (upper/lower) 5313 1.114  0.228-5.436 .8942
(middle/lower) 1773 1.884  0.578-6.140 .2934
CRT response (recurrence 6371 0.786 02122918 .7188

after CR/non-CR)
Time from CRT to salvage  .5534 1.460
(<12 mo/>12 mo)

0.454-4.698 .5256

pT (T1-3/T4) <.0001 0.047  0.006-0.364 .0034
pN (NO/ND) 1517 0.522  0.203-1.342 .1772
pM (MO/M1-lym) 0694 0.128  0.030-0.557 .0061
R (ROR1-2) <.0001 0421  0.070-2.522 .3437

HR, Hazard ratio; C/, confidence interval; CRT, chemoradiotherapy; CR, complete re-
sponse.
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Survival rate

pT4 (n=6)

3 4 5 6 7
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FIGURE 3. Overall survival curves of patients undergoing salvage esoph-

agectomy (n = 54) according to pathologic T factor (excluding periopera-

tive deaths, n = 5).

1 patient with extended node metastasis. The most signifi-
cant factor associated with increased survival seemed to be
RO resection.

DISCUSSION

In contrast with Western countries, where the rate of ade-
nocarcinoma is increasing, squamous cell carcinoma persists
among most Japanese patients with esophageal cancer.®?
The landmark RTOG 85-01 randomized trials have clearly
demonstrated that CRT is a curative approach for squamous
cell carcinoma.'? Medical and radiation oncologists have re-
ported improved survival of patients with esophageal cancer
treated by definitive CRT without surgery.m"3 Definitive
CRT without planned surgery has been offered to patients
with potentially resectable esophageal tumors in many
Japanese institutions during the past decade.'® During the
period of this analysis, 480 patients received definitive
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FIGURE 4. Overall survival curves of patients undergoing salvage esoph-
agectomy (n = 54) according to R classification (excluding perioperative
deaths, n = 5).
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high-dose CRT for stages I to IIl excluding T4 esophageal
squamous cell carcinoma in our institution.

The phase 11 randomized controlled trial, INT 0123
(RTOG 9405), found no improvement in survival in dose
comparisons of high-dose (64.8 Gy) versus standard-dose
(50.4 Gy) radiation and the effect on locoregional control
did not improve.]5 Thus, the standard radiation dose for
definitive CRT has become 50 to 50.4 Gy in the United
States. Definitive CRT has mostly comprised combinations
with a conventional radiation dose of more than 60 Gy in
Japan.'®!? Clinical trials for definitive CRT at a dose of
50.4 Gy are ongoing. All patients analyzed in the present
study were dosed with more than 60 Gy of external beam
radiation as definitive CRT.

Before and during the period of this analysis, 2 consecu-
tive phase I randomized controlled trials at the National
Cancer Center Hospital compared the outcomes of postoper-
ative chemotherapy with surgery alone (JCOG9208)'6 and
postoperative chemotherapy with preoperative chemother-
apy (JCOG9907) for surgical patients. Less than 10 surgical
candidates received the preoperative CRT, and 45 patients
received preoperative chemotherapy. Patients who received
no preoperative treatment, including surgery alone or sur-
gery with postoperative chemotherapy, comprised the con-
trol group for analysis in the present study.

The morbidity and mortality rates of patients who under-
went salvage esophagectomy after CRT increased because
of the effects of the radiation administered to the mediasti-
num and the tissues used as conduits. 17 Higher doses of ra-
diation are associated with increased morbidity,'g"9 and
irradiation of the esophagus and stomach might affect the
blood supply, which might contribute to leakage. Gastric
conduit necrosis in the posterior mediastinum caused mortal
mediastinitis in 2 patients, necessitating surgical modifica-
tions to reduce the impact of leaks into the thoracic cavity.
The reconstruction route was changed to the anterior medi-
astinum with cervical anastomosis.

Ischemic tracheobronchial lesions are serious complica-
tions of esophagectomy with extensive lymph node dissec-
tion, particularly. in patients undergoing preoperative
CRT.?® Four patients in the salvage group developed tra-
cheobronchial necrosis, of which 3 of them died. The re-
maining patient who received an omental patch graft
survived. Protective measures to prevent ischemic tracheo-
bronchial lesions include, in addition to careful dissection
around the airway, preservation of the bronchial arteries dur-
ing resection.?! We changed our salvage esophagectomy
procedure to preserve the right posterior bronchial artery.
Neck dissection was also avoided to preserve the blood sup-
ply from the inferior thyroidal artery to the trachea. Al-
though our standard surgery for esophageal cancer is right
thoracotomy and 3-field dissection, the extent of lymphade-
nectomy was reduced in salvage esophagectomy because of
high operative risk.

The incidence of acute toxicity of CRT seemed to be sub-
stantial. However, long-term or late cardiopulmonary toxic-
ity cannot be ignored in patients who survive after CRT?***
or in those who undergo salvage esophagectomy after CRT.
One patient in the salvage group died of interstitial pneumo-
nitis and cardiac failure postoperatively, which were suppos-
edly caused by late toxicity of CRT. In addition, 3 patients
died of respiratory failure and cardiac failure more than 12
months after salvage surgery. A strategy to minimize the
normal tissue toxicity of CRT should be identified.

We reviewed several factors to identify which subset of
patients derived a benefit from salvage esophagectomy. Uni-
variate analysis revealed that T1-3 and RO were significant
factors. The most significant factor associated with long-
term survival seemed to be RO resection.**** Fibrosis is usu-
ally promoted in radiation fields, and some cancer cells are
likely to be left behind in the deep layer of the esophageal
wall after radiotherapy. Therefore, to accurately evaluate
the T factor of irradiated patients might be difficult preoper-
atively, and irradiated tissues are difficult to distinguish from
tumors during surgery.

CONCLUSIONS

Patients who underwent salvage esophagectomy after de-
finitive high-dose CRT had higher morbidity and mortality
rates that patients undergoing esophagectomy without pre-
operative therapy. Nevertheless, this is the only established
treatment strategy that offers any chance of long-term sur-
vival. This morbidity rate is acceptable in view of the poten-
tial for long-term survival after salvage esophagectomy.
Patients should be carefully selected for salvage esophagec-
tomy after high-dose CRT at referral centers that specialize
in esophageal cancers.
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