ABOEKR 2215815 200662 A 15(15)

N3 E5%Y, $7ETRDFEOBR EEFRIERBICE S Ko TER, i, MRIBEREVRT
LADBRIZELY, ThoDFEREY, AREED SIHKEREEBERNOBITOEA TV S, AHEHE
Al 3GE 2 BWER W B EES (BMRBED 3 H0) 35D, L ECREZ EOBKERICEST 3,
FRERBAICHE D RPSE IR, TEUREROBE, JBCHEREL, BICEL L 1R ZVOT, &
BHFPRBEECHT 2 A2—Y AV VB CEETH 3.

1. RAMFPREVEDER

20034F 12 /A% & fuizRecommendations for antimicrobial use in febrile neutropenia in Japan?#3%
MOFA K4 THoY, I TRREMEFFREVIEL I3, ORE . 1 HORBCHE=237.5Ck
72X OFEA 238°C, @F IR [ PRS00/ mmeRHE, % 721&1,000/mm? T500/mm K iciid 5
ZEBFHIENZBELERINT LS,

2. BEMER

BHEEO(CFREP IR S 2 REEFIOHFEIE, MPESTESEETTHEEA L ENE I L0%
Pofeds, TOFETHE L DEFICHEENES T2, —FROIECERTZEFL D22 05,
RRIAE L TR & N, 1990F i Klastersky 53 2 o DIRESH &8 T, Febrile Neutropenia (FN) &
HLTz, KERBRPEFERIZI0FECHTA F 74 v 2RKRL, 2002FCBFOHRET2To7:2. bBET
i, 1998FICHERTa 2 ABRERIND, HETEMZ, FNAA F 54 220030 BMER E Wiz, &K
MTRIDOHFA K74 w20, AMEEOEHERITH > LFNIREBA L2,

3. ABILR2EEDRKER

TEOABCERECBOTAAINSERNL O X, TVATHA 7YV UREEFGHVIO ALY
FYURVIATDHSD, FYATHA 7V Ry LTIE, ACEE (A Adriacin® 60 mg/m?,
C : cyclophosphamide 600 mg/m?, 3:E[ER) *CEF##: (C : cyclophosphamide 500~600 mg/m?,
E : epirubicin 75~100 mg/m?, F :5-FU 500 mg/m?, 38R BRENTH S, T2, 7F3 R
VY X &L TIid, Paclitaxel(175~210 mg/m?, 3 BRI, L <1380 mg/m?, 1:E[R) *Docetaxel
60~75mg/m?, 3BEEBOREFEVBLIfTbNTWVwS, s DEHI X 3 FPREL DR
(Nadir) i3, BEDORE (Fn, PS, KERE, BENEZRLY) KHEESHh, BAZERHZ DO
D, FEANC BB L TRAVSRE > T 3, ABOFEFGR CHA S 2 LEEOER DONadirid 7 ~14
HET, BERBEEZI~2IBEEINTVS, 2D, BlRD X 512, ZONadirdR % duiicEz 7
7 (FBA) &, FNREROBUIZZH LIGRBEETH 3,

4. RBUFHIREDECERE ) X758

REBETICRRERD 5, R (HMRSE), —BRECFERE, CRP, HHRXERE, MAHEE
RER E 2TV, BBOEE L EXABORELED 2 FNEED Y R 7 HEMBBEE L TB Y, Klaster-
skyiZ & 2 FEIETNVITR, RUTRTRAAT Y Y IA4 Ty 7R s, Geta218UETRIEY X
7, 08UTTREY R CEELT 5HEENDS. VA REUREBERFESHERENTVS,
MDACCTiR & 5 ifliigfb L, O/RBEQERERRER 2R T 2 EREBOFFREDI 5 7 HEA
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Rl ERBHOYXIHPEMZRATZY T

ERAER U IEBEIS hEE3
{EIME ZL 5
B EEAZE M RTR A 7L 4
BEREECEERE L4
B SER zZL: 3
HHERNFEE yes - 3
2R yes . 2
MABMOEEI21 AU ESBEY R 7

2 CTCAE ver3.0 (Common Terminology Criteria for Adverse Events) (-4 3 #8413 BEA D (CRET 38R

Grade 1 2 3 4 5
BMmER (/mm?) <LLN~3,000 <3,000~2,000 <2,000~1,000 <1,000
FHER/EERIER (/mm®) <LLN~1,500 <1,500~1,000 <1,000~500 <500
# } "CLLE 8 *CRLE S
ﬁ%;;r%d;?)«lj:@ﬁqﬂ 38~39°C > 30~ 40°C > 40 CL,JLi:p;b 240503 | > 40 CL,E:E 24FF
REMELTRIRIR A
(Grade 3~4D iF HERE D B
D B CRPHETH) &k BT (B
Grade 3~4D iFF HER & Evayz  MEE ST
S B (RERAYICHERR) HEME O BIRE FT7vyE—vRAk
. BREt - BIL | 5 - HEEE -y | ©)
?{;‘1;%;”% TRED ﬁ%gm A VA EORE T
HOLEBEET 5
7 ERERREA O R
\ a2 7ot | IBROEIE, E9k
OPas SIS gﬁﬁ%*k“% B, byeRiiE | BRKND, SatE
T B

[ SRR I ]

l ESSREE l

l HARE ‘

s7a7ax%¥ o

LK
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PEXYIVIST7 8

7 ¥ Lor t7IEAg

s 2) tjg:/’:/.bk or
' 577 L or AIISRE I
FIVISARZ Ls +7 3 JEEEk

I~5 BB

E1 ARG S

73,

1) MRSA (X #¥ U VtEEB7 FYRE) SREShALS 7Y aRFFF (Srawf v i) ZEM
2) 7YV ATEDS T LBNE, 77 ABBESEL TWS,
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@EHES L VBEREVRAZBELLTW Y, ABEEEOL  RYIRERBICZLREY A2
FET 5, Lol, wFhictk, BEFAES 1 HTHERTLBECRFETESNEL 22 2 LIIBEGD
BETHY, BREDEBER COREHERE2F DO TIREL, RELABCKBEOREBEBSLETHS.

Flz, BREWC L 5 LEFNDIFE, 40~0% L BETRAENRIETE RV I LH S, RERBIUE
HRCBT 2BRJMEOEAEOEELEEL TBLLELH 29, BERAEORE IFPRICEASH
REODNARRET 2R&EE L LT, HIBRMEMEFAZE (in situ hybridization ; ISH) 0E#
FILEATLZS, -

{EEBREFOBEEROELHKICIZ, CTCAE ver3.0 (Common Terminology Criteria for Adverse
Events) " 12 5 7:GradeFHE CHBDOFHETCEHE T I2LERDH 5 (R2), EHICETLFNOHEIE,
Grade3 L FHii & 113,

5. HAFSA I EML =9854

DBEDOHTA F 74 Y IZRINPIEREEO 7NV TY XA 2ENIRTDY,

1) &Y X8 |

¥/ rypEAT, BONEYEOY 7uruxyy >y (CPFX), viR7uF¥ v >~ (LVFX) 21{#
H$%. ORKRZREDHREN DD L &I, 77 ABURECH L TERIR7EFYY IV /2575
B (AMPC/CVA), 7 7uixRY U2 EOftRABED SN D, LLBEUT, BEHFOEAKRS
LERENB,

2 BYRIE

E£YMRSA (X F¥ ) UIMEHET F VRE) ORERHZ20ED, DEVAAYav( vy (VCM)
DEICH 20 E S 0T 5, BEIR, B4 724 (7284 ICFPM), ¥ 79V YA, AN
NRALADHEEREIBINENZ B, BT, 78 VY ACRMEESEMLTEY, Zh S Dempiric
therapy 2 1381 S e, BEEL-BEAB TR ENZHEERT7 I/ 7 Vvay FECFPMb 2 Wi o v
NRALZHAT LI ENHREINS, VCMOKELZEY A7 BHFIKE, VCM:27 3/ 7vayv R
CFPM&B 2 Wi AN NI A BEEET 5.

CFPM (7YY —40%) RZEBMMFHIRBAEICI L CRECH—FDARAZ S Wiz EElT, b
ET 20045 9 BIZFNIZH 3 23088 - IR WEMARE S iz, B, FNOFEIL2E T3 MEWEIZE
FlosaThs, BEBRPEDOSBEIE, 1H1~2g (i) 2 2EHEIL, BIRNESS L L I3AH
FHET 52%, FNIZXW LT, 1H4g Ohff) 2 2ESERET 2 FEMRTIhTw5S, RS
RIFERII4B T35, ABBEOE S CRRIMLBL T 283N TH 3.

bBEIBITBFNTA F T4 20030 F 4 S L CEAE»HHE» B L TRFN—XRFE
(2000. 5~2002. 2) DT —FHBARINT B, FNEBERXNLT, £7 YA (CFPM) ks
Ex7xEAh+7 34 (CFPM+AMK) tRZEOHEHBE TH 523, 3HEKZEhZTN33%, 46%
TEBED >N, 7THEHIKIIS1L%, 59% L EBRERFEDOAE Lo/, Lrl, 3 HHE THFDERE
ﬁi500/mm3$ﬁ®ﬁ@m»iﬁ%ﬁfﬁ%ﬁazﬁ;?ﬂ%bi?z—g@ot (46% vs 28% ; p=0.024) TE:»oFY
A7 BIIHRA»EID 5B,

6. ¥R AFERMBE Dfollow

LIBT3 ~ 5 B I IHRARO T 217 5.
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L 3~5 B LIAIC#E# —]

L REEFH ] L EREHR
FRUEHEE 5 BEMEANDEE
4B RERE BN EER

X2 ARmBIIA3~5H LIRICEES L 12134 Dfollow

Bi&ET 1 CBC, &Mt MEISH,
EEMBESHT, XiR, ERASHT

RS
[ BEMERAOEE £ /= (3380 ]
L ERBEE 2 BREE/L

IS LBEETCRIT)aANTFFEER

(Aramzdis ) (wgamres ) (DasEros )
l

73/ EEKSENE 7 (B7vsn0ETEER
OMBNDEE 5 ER T EESE - B

(sersmsmmast ) [

I
(EEBERE ) ( m@EE. )

—__maaam ) ( wEoxs ) FJ— " or
FrxRTV)Bor
THI7r X REBM

B3 aBmRmEI~5ARLEAL LVBEDEESS
GCSFRH v~7u7) v 28EL THRVERIENEERT 3.
' FHRE SR TORLBEDS

1) PIAEHS'EYNL -BE (X2)

FERESEETCENE, ZORBUEEFAOEEREMOEEENS., ERETHRZEA X, W%
R CEF2HEET 2, BELTH, VHHLE»S 7 BEONEYEORS D 5h 588, FhiR
#H3500/mm* AL ICEE L7 5, HEFIORERIKT T35,

2) YIAAEHNI BRI L BWnigE (X3)

BEOBRREIZEL T s, FIHIBREEUCARERSGEL T L, BYICEHARE®T-
T EWTX, 7 EEEEROEBEND UL BEOEANOEFELERT 2 I EBNEBIIIZ W, 73
/7N AY FORRBREEDRIEoN, POMBEOHRZEMESREVA Yy M BB LEELSN
Tw3, :

5 HU LRSS T ARG, 1VIFRTARNMVEYR, 79 ) A FOEBRYYE, VAV
ABPERERRE ST, 7VR7F VY UBR FORAERORSHE»ERT 5.

—222—



ABOEKR $21%& 815 2006£2 A 19(19)

3) G-CSF (granulocyte colony stimulating factor) - Zir<s 07y >

G-CSFRHEARENE, Vo~ u/ ) oEVv—F o THERTAIER, ¥4 P54 yeixERashl
W2 EFZEY R 7 CHPERSY L BETEET 3 L FHIENZEE, GCSFOERRTETHS. EE
DRIFECLTHBRFICER L 2 WiEEIX, G-CSFO®RE 4 EET 5. G-CSFOERF A K74 L
Tid, 2001 FITBBRFSP ORI N T 319, BEXNIC RO PEORBKRHEET (LEREIC L 56
Tﬁpﬁ’{)ﬁ‘(’ﬁ?'ﬁﬁ?l,OOO/mmai'ﬁﬁ'C‘BS"CJ«)LtO)%ﬁ, ¥ 72 3 EFHRERS00/mmREE) MSLETH 503,
\|ADBER, TOFEA2HE{EDIIET VARSI LAELEZBZRETH S,

G-CSFr L CfEHTE 2 EHZ, bssE TR, filgrastin (75 ~®), lenograstin (/' 4 b o &
~®), nartograstin (/4 7 v 7®) O 3EESBBITFoNSE. WThOERATHHRICAEZRRZWVWEIT
b5, EELPCEFTORBICI)HAEARBERZDOTEENLETDH S, EBICIZ, ABLEERER
CERT2HEEQOERIR, 77 2® B0ug/mETHE), /4 badr® (2ug/kglETHE), /A7 v
7® (1pg/kgBRTIE) Th3,

Hr=ra7) yOEABICDOVTIER, FNBBET 258CEEMSTHE A L ECREME L
OHRATEDERA*ZEETHI L OLETDH 3.

7. RAMIFPREIVE (FN) OBKE

1) FHhBREEBREDY XS

FHER% (Absolute neutrophil count : ANC) 1%, BIMIRE X [segs (segemented neutrophils) % +
bands (young neutrophils)] Tst&E&h 3.

1,500/mm3L E ROV X 713 7% {, 1,000~1,499Tslight, 500~999Cmoderate, <500 Thigh
risk & 215, % { ORMERCEERFBIC 81> T, {LFFEEOFBRERICFHERE,500/mmi Ll E & &
NABHPTLH 5.

2) BhEEidiE (Neutropenia) DEE

fbEFEOV Y A, FAE - Ak, tWoftREE, SBEV T —TVOERZEOHBEAMETE, Fi,
KERRE, BE, BORT7T -V R EDEEARFOBEESEINS, FNOY X7 FHIE FHIZEL TR
INSORFOELD 2F 2, BEEIEIKYTITDH 3.

3) FNOBSFRAER

NCCN#32002F /A L 72 “Fever and neutropenia : treatment guidelines for patients with can-
cer’? RBERX T B L, RATRT & 5 RERSHBRIC IR ERERS T L2, BENBEM/ V7V y b
WRENTW3S, ZUTHERSDINE, 4EIHULEORDHAE, 38°CULETER, BERORLE, K72
BHEOKPTIN—Y Y 2 —R), T4a42KE, KRB, FESOSEZEONGEEZL 2 L3 IEEIATY
5.

4) BEOE

BIRD & 512, FNOBREISEESI NS Z Lid, 2EOFBUTTH 243, HERETELEDAN
ZhVid, BRELDBREEBL TS, bREOMBERBEERIERTOT—F Tlxd 545, 1985FEH
51996511k, 77 ABHBEOEENE D -1 B, 199750 52000F 23S 7 LABEHEESER L T o 7.
Lirl, ZOBEDARY MNIZREBRDO—BREOEBEIMONERDOFHREOERCLIREELR
i, BB FHRESE R To TV AR TR 7 ABREOABEENE L OMEL H 5. EA
L ET, SEETCIRBEREDI%DA S 2 A, 2%BE7¥T—L4, 15%BERTVY >, 12%
K72 PLABLIUVECT7 IV IVLRMERZRL T35,

BYIMEMBEORE L EDL ST, BEBKCEEIE, ERELRYL, BHEONENEET, B
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83 RB/MNTPRBVEOVMREER (X#2) +%E) £4 BIRBIBOHCSTT7OFRS b (XE2) E%iRE)
C KEBROLR AROFPRBE - BRIFEOETIALOBEE XT3

BE& TOBER® HER

KO H : Fv (AR, BB, SHB)

SdxEBE OFERT7 (REZ - 380nk)Y)

% - BYin FEeETs ETAHOMER)

PERBE DR A EEIPASER CBEER R

B T B D B HIRR MR EEPHEHPORE 2 BT 2

ASESR ~_y NOEREPRIT S

OMHN D 7eh - EA ’ Bk YOG iingskEEH

B - 2Rk NREFNRT T ARMADSDEHLBLRWL

4545 BARTRVWIRVHD « RATRVIFZVLHD

HEW ERBEI L THRWILY

SHE F—XI—N

SME « T - AEBOIORSK - B - 2R S &R 490 5B

i8] F— X R—ZADRATT V5 5

T EHE.T—Y

HEB DR BREEI LTIV «FHEI 21— 2R
BEOIOL S RERDHS L BERET 5 &5 igB Lz BREFES N TR E—L

WA OEBEN R TEREEE2Z T 2BEO T b BT AFNTCHERASSY L -y — R bR T
%,

& WFNEEORBICHIBLT, BRES\NRABZED YA NVAEBLSHTEI L HRERT S,
oA NVAFORE L LDHIZ, FNREDV A7 2SHCEE, BRRZTHORCEBEETZIZIENEETDH
3,

5) FNOFB5

NCCN# A F 54 > 5, IFHREDHEOTIHE 2R RT. FN2EEL, BELHER 5T
HELTH 5D e, @i tegEs s 7 —VEOAREREBOLE RIZIZHETH S, FNE2HE
T2 =Y AT, bbhEBREEZIZ L > TF—LABEOEEETG: L TOERELRE
BTh 3,

8. ENFBRBERRERE I —IC& 1 5FNMHROEE

1) BESIP L FNXHEigE

HBETRBERETPSOBWBHELINME, SOFENCEREINERTAS — L, 7 —VEDHRK
221k, ArHE->7:FHERERES > HEEOBRARE 2RV T, EXNICREID THLRYL, Zov
AT ABABIC LIzDIX, F—AEFEZHTLELEVYATLAOBBOREIRE (EV 77 7IiEE) O
—nruEFens,

FNIZ DWW TR, ¥ THYEMGEFEOHHA L EFK, HEEFO[MBRKOLEE & BRRERE, =
OXREFAT S, ZTOBIWIZ, B3 ClERENL IV I7vy V2FETOTIE L, OHETOH
HERRICBBEORIGL SEBEERIEERL, ZOBTRRLTHETY, ZThE2FETIICLTVS
(B4). FEETiIH22, BEOHERZELEBOBABAOLEEZIGURHENTE 2HEA8DH
3. BRI, NadirtBgE2HLE LEFHEVRRI B, OFRT77ICL 32 FHE, RERNKRE L
T, CULDREEZRDIHBE/CR, HorUDAMA LIy FuF3 1,200 mgk43 3 T3 HHEAR
LTH55. 3HEMNRLTHBEALZVE &, BB 0I3CCUEDORENHNIT, WOTHHER
REETHLOCHEET S (R5). ONABFNOS| &SR 2L bHDDT, HEKIZIZazulene (XN
FT7AVE)ERWLBWEEFD T3, Zhs OB RENEMH, SRR EZEAEEMPEAE
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Fectr) 2. 0p-a
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L TEH WD
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praetd
iz aid

N y ) Y,
0 ’4_‘* o > % mﬁ,r’n 4 FECHE B DEHER X €14
otk 2 ST TAWE 1D - CIEBIEAL 2485 84 & L 2B 2 £ CEL,
X BECFES L CEEEY 5Tk,

oo
LU s, 34"”03«:7?.;»_5.—;%&

[1esminasCLLE DR S | [ 1L RERICLLE D5 |
v 7a%4®1,200mgs
33 BRI
_ BB
38 C LI k¥ WBC/Neu, CRP
— FEBXp
Neu = 500/mm? .1 Neu<500/mm?
L E KR REFR
RE3ALIA I
I N
@_ > 7a%x 4 % 1,200mgs X E—-L%2gX20
; 33EMMMES L < ik G-CSFO &R
7% Y E— L® 29X 2B KA (BERAEEEER)
RO — A FE B ICREE 38C L LI RI— 2 | BREEEE |

FEBETEFvLD
F5 EiEREBEBARERE Y- 3FNAES

D5 2EIEEEVELBAERZTA I EICLY, BEOEEPEDIZTRET>TWS, ¥, RiK
ATIEEREL Y AT, ThoDMRNBER2H—T 52T, EEEEELSOEEDARZ ST, BE
MTOBRLRIC LI ZDVWHEYRFIATCE 2BEICE>TWS,

2) LML REAICE T 3FNDEE
U CREEMEEREDV Y XELT, TYASH4 7Y R vy XRFEC (C: cyclophos-
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phamide 500~600 mg/m?, E : eripubicin 75~100 mg/m?, F :5-FU 500 mg/m?, 38/, & *¥%
YRV YA ELTIE, Paclitaxel (175~210 mg/m?, 3 BRI, L <1380 mg/m? HEERKRES) P
Docetaxel 75 mg/m?, 3BREIBO®RESFHERHOTHETL T3, 3FCUEDORFII BN X < EERT
200, ZOHIXY7ax Y YORMBTERLTYS, 1HTRATIILESEZVLI TH S,
ZOBRETH 3 HEANRIIBET I LOCEELTWS, ¥7220& 3 RKREDFSE, RI—AFEH
(day22) ik, FhERIZBSERE (21,500/mm®) 2L T03ZEREHL, RI—ALELHEY
FERATTETRS, 23— bAROFRIBES L L33, RELERT 3.

20034 5 B 5 20054E10 § i FECE 2 T & 1u7- 1658 2 RIS, BRET L IR 251 A7 52, 16561
oh, E¥ER & U T75 mg/m2CHEfT & iz 0131026 (MU FFECT5), 90 mg/m2Bl L& AESHET S hiz
D 136351 (LUFFEC100) T# - 72, 52%31397.6%, Relative dose intensityid, FEC758C0.94, FEC100
BT0.92, 246 T0.93LBIFCHL. BEPHEDHERLLTRZLOR, FHROBIEEBETDHD,
FEC75T19%1 (18.6%), FEC100T16%1 (25.4%), 513561 (21.2%) @R oh, BHEEBETHELS
v, ULHl, BREFRRBIE (7o Fxy 0 835050 CABREZELLOX, FECT5T 246 (2.0
%), FECL00T 45 (6.3%), 564l (3.6%) D&HTHo. IhoDEFIZKIT—ABUME, 20~25
UFRBEIT, FEZ —NVEERETETNS,

5 ¥4 ROEMR T — 7 RN TH 328, FECEEIC AN, 38°CEDREOHIR b B
DROHIRSH 528, BEREL CIFARCTHEEL TV 3,

3) FNHEBME L

vyruFy o0 EFOBEMEFEE, b L IX3CCHUEDREIC X 2 HARZOBICIE, Rl (FMBk
5E) £CRP, MEXSRE 2Ty, FHER00/mmi kB CEEORERR 2RO BRI, ABENE
END B, FHERH500/mm3 EOBETRESL Y 3 HUADEER, Y uFyr® ONRTEAR
A5, YBRDOERSFH ZESCRT. RAHEYZMEIODrtd 3 2 L B8Fnioiz, BfEstOoELRZT Y
—<RL, BRIRCEBLT, H—2RK>Tnw3,

ABRGEOER L > 1BED, TIHBER, ¥ 724 (FFYE—A40) 4g/day?® 2 ESERE
LG-CSF2 4T 2. G-CSFIMRERERIZiE > - AR T, FHhEk5,000/mm?% HIZ i3 523, &
DPOREEANED SNz L EiX, ZOMKERSITIET 3. SAWEAERR, 3HHMERERKRTS. £
B2 I RER 23100/ mme Ll T COAR DB S NS VDS, BIOREBREFTH L 2 LHBEL, BELIR
TNTH2, FEO6HIHT, 1FDLRTFYE—L° BNENCHERE CRIRLERZER L. B
CERERBEOBESREIOTFRENNINEVI LD, FNEBORREL EBHY M EROBLR
) 23|I THREELEL, BeEBERVWEREESLETH 3.

= el

REMIFRRBAE SN T 5 FHB8 L CHREASNIBEL T, 74 F o4 v 285w, FLABEER
BB 2EERLUREORAE D LI DT, FOELRBEVAZRETHE I L, BYIREBEH
B2 & D, SkEEEIC X 2 B OHMEYME THIGH T E 508, & &2 % DOESHHIRGrade 4 DEFFRIREAD I
BEPMHES BEEFNSRET 5 Z L3 2, IBERABOBEIBIENC LY X 2WERSEH 570, &8
FEETOMBECR, EERERUEOAR ST, RREEELLT, AT v 7O THEBRLEHL
WRCHINS XS5 REE (BROXH) bEETH S,

—226—



ABOER F20&-E15 20065F247 23(23)

X &

1) Masaoka T : Evidence-based recommendations for antimicrobial use in febrile neutropenia in Japan : Executive
summary. Clin Infect Dis 39 (Suppl 1) : S49-52, 2004

2) Fever and neutropenia : treatment guidelines for patients with cancer. NCCN guideline, 2002

3) Klastersky J : The Multinational association for suppoetive care in cancer risk index . a multi national scoring
system for identifying low-risk febrile neutropenic cancer patients. / Clin Oncol 18 : 3038-3051, 2000

4) Rolston KV : New trends in patient management : risk-based therapy for febrile patients with neutropenia. Clin
Infect Dis 29 : 515-521, 1999

5) Kanemaru A, Tatsumi Y : Microbiological data for patients with febrile neutropenia. Clin Infect Dis 39 (Suppl
1) : S8-11, 2004

6) Matsuhisa A, Saito Y, Ueyama H, et al : Detection of bacteria phagocytesmears from septicemia-suspected
blood by in situ hybridization using biotinylated probes. Microbiol Immunol 38 . 511-517, 1994

7) Japanese translation of common terminology criteria for adverse events (CTCAE), and instructions and
guidelines. Int J Clin Oncol 9 (Suppl 3) : 1-82, 2004

8) Tamura K, Imajo K, Akiyama N, et al : Randomized trial of cefepime monotherapy or cefepime in combination
with amikacin as empirical therapy for febrile neutropenia. Clin Infect Dis 39 (Suppl 1) : S16-25, 2004

9) Tamura K : Initial empirical antimicrobial therapy : duration and subsequent modifications. Clin Infect Dis 39
(Suppl 1) : S59-64, 2004

10) BAEREESEBRAREESE | G-CSFELEERY A F 74 . HEE 6 (51, 2001

11) Picazo J : Management of the febrile Neutropenic patient : a consensus conference. Clin Infect Dis 39 (Suppl
1) : S1-7, 2004

12) HHEE=, FEHF, GREA, it FECEZRZ BT B3YR—F 4 77 7DIR. Medical Oncologists 1(4) : 55-62,
2005

—227—



Breast Cancer
Vol. 14 No. 1 January 2007

Case Report

Squamous Cell Carcinoma of the Breast in the Form of an Infracystic

Tumor

Takashi Shigekawa*' 4, Hitoshi Tsuda*?, Kazuhiko Sato*', Shigeto Ueda*', Hideki Asakawa*', Rena Shigenaga®’,

Hoshio Hiraide*?, and Hidetaka Mochizuki*'

Departments of *'Surgery 1, and *’Pathology 1, *’Research Institute, National Defense Medical College, *‘Depart-

ment of Breast Oncology, Saitama Medical University.

Squamous cell carcinoma of the breast is thought to arise through metaplasia of ductal carcinoma
cells. We report a case of pure squamous cell carcinoma of the breast with features of intracystic tumor,
which was considered to have arisen from metaplastic squamous epithelial cells lining the cyst wall. A 71-
year-old woman presented at our hospital with a 40 X 30-mm mass in the lower outer quadrant of the right
breast. Mammography revealed a round, high-density mass, which had a mostly regular but partially
irregular margin. Ultrasonography demonstrated a solid tumor with an irregular shape protruding into a
cystic space, suspicious of intracystic carcinoma. Aspiration cytology confirmed squamous cell carcino-
ma. A modified radical mastectomy was performed. Histopathologically, the intracystic tumor was a pure
squamous cell carcinoma. The epithelial cells lining the inner cyst wall showed mostly squamous metapla-
sia, and there was continuity between these cells and the squamous cell carcinoma. 13 months later, the

patient is free of disease with no adjuvant therapy.
Breast Cancer 14:109-112, 2007.

Key words: Squamous cell carcinoma, Iniracystic tumor

Introduction

Primary squamous cell carcinoma (SqCC) of
the breast is a relatively uncommon disease, and
is considered to arise through metaplastic change
of ductal carcinoma cells. One clinicopathological
finding that is characteristic of SqCC is a necrotic
cystic space in the tumor center caused by rapid
tumor growth. However, a few cases of SqCC
occurring as an intracystic tumor have been
reported. Here we report a case of primary SqCC
of the breast in the form of an intracystic tumor,
which was considered to have originated from
epithelial cells with squamous metaplasia in the
cyst wall.
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Case Report

A 7l-year-old post-menopausal woman was
seen because of a right breast lump that had
grown rapidly over several months. Physical
examination revealed a well circumscribed and
firm mass measuring 40 X 30-mm in the right infe-
rior lateral quadrant. Nipple discharge was not
evident, and there were no palpable axillary
lymph nodes or supraclavicular nodes. She had
no history of other carcinomas, including those of
the oral cavity, esophagus, skin, uterus, vagina, or
vulva. Mammography showed a round, high-den-
sity mass with an almost regular but partially
irregular margin, measuring approximately 45 X
45 mm (Fig 1). Ultrasonography showed a cir-
cumscribed intracystic tumor measuring 39 X
33X 31-mm. The nipple-tumor distance was 51-
mm. The intracystic tumor was irregular in
shape, had an indistinct margin, had continuity
with the cyst wall, and was considered to be an
intracystic carcinoma (Fig 2).

A fluid specimen obtained from the cystic
lesion by-fine-needle aspiration was not bloody,
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Squamous Cell Carcinoma of the Breast in the Form of an Intracystic Tumor

Fig 1. Mammography shows a round, high-density mass with an almost regular but partial-
ly irregular margin, measuring approximately 45 x 45 mm.

S|
1L 33 cm

Fig 2. Ultrasonography shows a circumscribed intracystic
tumor measuring 39 X 33 X 31-mm. The intracystic tumor was
irregular in shape, had an indistinct margin, and was continu-
ous with the cyst wall.

but translucent and yellowish. Malignancy consis-
tent with SqCC was diagnosed based on cytologic
examination of cells in the cystic fluid. (Fig 3).

Laboratory data and tumor markers, including
the levels of serum carcinoembryonic antigen,
carbohydrate antigen 15-3, NCC-ST-439, and squa-
mous cell carcinoma antigen were within the nor-
mal range. The preoperative staging of the tumor
was T2ZNOMO, Stage ITA.

A modified radical mastectomy with ipsilateral
axillary lymph node dissection was performed.

110

Fig 3. The cytopathological diagnosis of cells in the cystic
fluid was malignancy consistent with SqCC. (Papanicolaou,
magnification X 400)

Macroscopically, the resected specimen revealed
a grayish-white intracystic tumor measuring
approximately 14 X 14 X 12-mm protruding into
the cystic space, which measured approximately
47 x 25 x 34-mm (Fig 4).

Histopathologically, the tumor was intracystic,
and it was composed of nests of atypical epithelial
cells, showing stratification and cancer pear] for-
mation (Fig 5a). The nuclei of the constituent
tumor cells were irregular in size and shape, and
showed hyperchromatism and a number of mitot-
ic figures. There were no components of obvious
invasive ductal carcinoma, non-invasive ductal car-
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Fig 4. Macroscopically, the resected specimen reveals a
grayish-white intracystic tumor measuring approximately
14 X 14 X 12-mm protruding into the cystic space, which mea-
sures approximately 47 X 25 X 34-mm.

cinoma, or other features of metaplastic carcino-
ma, for example spindle cells, or osseous or carti-
laginous metaplasia. There was no continuity with
adjacent cutaneous structures. Therefore, pure
SqCC was diagnosed.

The tumor had invaded the cyst wall and adja-
cent adipose tissue of the breast. The cuboidal or
flat epithelial cells lining the inner cyst wall had
features of ductal epithelial origin, and sometimes
showed squamous metaplasia (Fig 5b). There was
continuity between the metaplastic epithelial cells
and SqCC. Most of the cells lining the cyst wall
were not normal epithelial cells but showed
nuclear pleomorphism in shape and size, with rel-
atively abundant and lightly eosinophilic cyto-
plasm (Fig 5¢). Most of these cells were stratified
into several layers, but sometimes occurred as a
single layer. Therefore, these cells were believed
to represent intraepithelial neoplasia or dysplasia
arising from squamous metaplasia of the lining
cells.

The SqCC cells were negative for estrogen and
progesterone receptor, and the axillary lymph
nodes were negative for metastasis.

No adjuvant therapy was performed. 13
months after the operation, the patient was asymp-
tomatic and free of disease.

Discussion

SqCC of the breast is listed as-a type of meta-
plastic carcinoma in the World Health Organiza-
tion classification®. Toikkanen reviewed histopatho-
logical sections of about 4,000 diagnosed breast

posed of nests of atypical epithelial cells, showing stratifica-
tion and cancer pearl formation. The nuclei of the constituent
tumor cells are irregular in size and shape, and shows hyper-
chromatism and a number of mitotic figures (Hematoxylin-
Eosin, X 100).

7~
7 d /,—* B

X & . .
Fig 5b. : The lining cells are thinly stratified and appear to
show squamous metaplasia (Hematoxylin-Eosin, X 200).

= A T g A Y
Fig 5c. : Thickly stratified lining cells show nuclear pleomor-
phism in shape and size (Hematoxylin-Eosin, x 200).
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carcinoma cases, and found only 3 cases (0.075%)
of pure-type SqCC, and 20 cases (0.67%) of adeno-
carcinoma with squamous metaplasia, or mixed-
type SqCC?.

For a diagnosis of pure SqCC, Macia et al. stat-
ed that 3 conditions must be satisfied: (1) No oth-
er neoplastic components, such as ductal or mes-
enchymal elements, are present in the tumor; (2)
The tumor is independent of adjacent cutaneous
structures; (3) No other primary epidermoid
tumors are present in the patient®. The present
case satisfied all of these conditions. Additionally,
the intracystic tumor was SqCC with no other neo-
plastic elements, and it had pathological continuity
with the atypical squamous cells in the cyst wall.
The epithelial cells lining the cyst wall were also
atypical, accompanied mostly by features of squa-
mous epithelium, but also with features of ductal
epithelial cells. Therefore, this SqCC was consid-
ered to have arisen from duct epithelial cells in
the cyst wall that showed squamous metaplasia,
which later progressed to dysplasia or CIS.

The characteristics of SqCC of the breast gen-
erally reported are a large tumor size, rapid
growth, and a single central cyst formed by necro-
sis*®. In the present case, the tumor was large,
4.7 cm in diameter, and grew rapidly during a few
months, but there was no single central cyst.

The most interesting characteristics of the pre-
sent case were the features of the intracystic
tumor and the continuity between the invasive
SqCC and the atypical cells lining the cyst wall,
suggesting that the SqCC originated from the wall
of the cyst. There are several theories about the
origin of SqCC of the breast. SqCC has been
reported to originate from epidermal or dermoid
cysts of the breast®”, chronic abscesses”, skin?,
and complete metaplasia of glandular breast
tissue.®? It is likely that SQCC of the breast could
arise through multiple histogenic pathways.
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The treatment of pure SqCC does not differ
from that of other common histological types of
breast cancer and may involve surgery,
chemotherapy, and irradiation therapy. As most

- cases of SqCC are negative for hormone recep-

tors, hormonal therapy is not indicated'®. Howev-
er, because of its rarity, the most appropriate ther-
apeutic regimens for SqCC are still unclear. Fur-
ther reports are needed in order to acquire more
information on possible therapeutic regimens for
SqCC.
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Abstract

Purpose: Detection of sentinel lymph node (SLN) metastasis in breast cancer patients has
conventionally been determined by intraoperative histopathologic examination of frozen sec-
tions followed by definitive postoperative examination of permanent sections. The purpose of
this study is to develop a more efficient method for intraoperative detection of lymph node
metastasis.

‘Experimental Design: Cutoff values to distinguish macrometastasis, micrometastasis, and
nonmetastasis were determined by measuring cytokeratin 19 (CK19) mRNA in histopathologi-
cally positive and negative lymph nodes using one-step nucleic acid amplification (OSNA). In
an intraoperative clinical study involving six facilities, 325 lymph nodes (101 patients), including
81 SLNs, were divided into four blocks. Alternate blocks were used for the OSNA assay with
CK19 mRNA, and the remaining blocks were used for H&E and CK19 immunohistochemistry —
based three-level histopathologic examination. The results from the two methods were then
compared. :

Results: We established CK19 mRNA cutoff values of 2.5 x 10% and 5 x 10° copies/uL. In
the clinical study, an overall concordance rate between the OSNA assay and the three-level
histopathology was 98.2%. Similar results were obtained with 81 SLNs. The OSNA assay
discriminated macrometastasis from micrometastasis. No false positive was observed in the
OSNA assay of 144 histopathologically negative lymph nodes from pNO patients, indicating an
extremely low false positive for the OSNA assay.

Conclusion: The OSNA assay of half of a lymph node provided results similar to those of
three-level histopathology. Clinical results indicate that the OSNA assay provides a useful

intraoperative detection method of lymph node metastasis in breast cancer patients.

Authors’ Affiliations: Departments of 'Pathology and 2Surgery, Osaka Police
Hospital, 3Department of Breast and Endocrine Surgery, Osaka University
Graduate School of Medicine, Departments of *Pathology, SClinical Laboratory,
and 6Surgery, Osaka Medical Center for Cancer and Cardiovascular Diseases, and
"Department of Molecular Pathology, Osaka University Graduate Schoo! of
Medicine and Health Science, Osaka, Japan; Departments of 8Pathology and
SBreast Surgery, Cancer Institute of the Japanese Foundation for Cancer Research,
and Departments of '°Pathology and "'Breast Surgical Oncology, St. Luke’s
International Hospital, Tokyo, Japan; Departments of ?Pathology Il and Bsurgery |,
National Defense Medical College, Saitama, Japan; and *Central Research
Laboratories, Sysmex Corp., Kobe, Japan
Received 10/16/06; revised 4/3/07; accepted 5/15/07.
The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertisement in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.
Note: Supplementary data for this article are available at Clinical Cancer Research
Online (http://clincancerres.aacrjournals.org/).
M. Tsujimoto and K. Nakabayashi contributed equally to this work.
Requests for reprints: Nariaki Matsuura, Department of Molecular Pathology,
Graduate School of Medicine and Health Science, Osaka University, 1-7 Yama-
daoka, Suita, Osaka 565-0817, Japan. E-mail: matsuura@sahs.med.osaka-u.ac.jp.
© 2007 American Association for Cancer Research.
doi:10.1158/1078-0432.CCR-06-2512

www.aacrjournals.org

4807

Sentinel lymph node (SLN) biopsy has recently become a
standard surgical procedure in the treatment of breast cancer
patients (1-10). This procedure can predict metastasis to the
regional lymph nodes with high accuracy and avoids unneces-
sary removal of axillary lymph nodes and subsequent morbid-
ity associated with axially clearance in node negative breast
cancer patients.

SLN metastasis is generally detected by conventional means
including the intraoperative H&E-based histopathologic exam-
ination of frozen section(s) or cytologic observation of touch-
imprints, followed by definitive postoperative histopathologic
examination of permanent sections (2, 7-9). However, the
sensitivity of these intraoperative methods is not high. Many
investigators have reported that the intraoperative H&E-based
histopathologic examination has a false-negative rate of 5%
to 52% (reviewed in ref. 11). Furthermore, these methods
provide subjective rather than objective results, which may
differ from one pathologist to another (12). On the other hand,
the definitive postoperative histopathologic examination gen-
erally requires 5 to 10 days for assessment. If an accurate
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intraoperative method is developed, the test results can allow
for completion of axillary node dissection during surgery and
avoidance of a second surgical procedure in patients with
positive SLNs, thereby reducing patient distress and, finally,
saving hospital costs (2, 13, 14). Accordingly, the development
of a precise and objective intraoperative method for the
detection of lymph node metastasis is important for increasing
the efficiency of breast cancer surgery (10, 13-18).

To overcome the shortcomings of the present histopathologic
methods, molecular biological methods based on quantitative
reverse transcription-PCR (QRT-PCR) have been studied
extensively for the detection of lymph node metastasis in
breast cancer patients (12, 19-25). A QRT-PCR assay with
multiple mRNA markers including cytokeratin 19 (CK19),
trefoil factor 3 (p1B), epithelial glycoprotein 2 (EGP2), and
small breast epithelial mucin (SBEM) resulted in a 10%
upstaging compared with the routine histopathologic analysis
(22). It was also reported that a QRT-PCR assay using mRNA
markers of CK19 and mammaglobin 1 (MGB1) was almost as
accurate (94.1% sensitivity and 98.6% specificity) as that of the
conventional histopathologic examination (12). This study
included a discussion of the drawbacks of using a single marker
like CK19 mRNA for which the QRT-PCR may include the
concomitant amplification of CK19 pseudogenes within
genomic DNA, giving false positive results.

We recently developed a one-step nucleic acid amplification
(OSNA) assay (Fig. 1A), which consists of solubilization of a
lymph node followed by reverse-transcription loop-mediated
isothermal amplification (RT-LAMP) of a target mRNA (26, 27).
The RT-LAMP reaction is a new method of gene amplification,
and its application has been reported previously (28-32).
The OSNA method is characterized by the quantitative measure-
ment of a target mRNA in a metastatic lymph node, a brief
reaction time for the OSNA process, a high specificity for the
target mRNA, and an absence of genomic DNA amplification.

In this paper, we report an efficient intraoperative detection
method for lymph node metastasis in breast cancer patients
using the OSNA assay with CK19 mRNA as a target marker. The
results of a multicenter clinical study including 325 lymph
nodes are discussed from the viewpoint of the usefulness of the
OSNA assay as an intraoperative detection method.

Materials and Methods

Lymph nodes for selection of mRNA markers and determination of
cutoff values. Lymph nodes, which were used to select mRNA markers
and determine cutoff values, were obtained from Osaka Police Hospital
with the approval of its internal review board. Lymph nodes were stored
at -80°C until use.

QRT-PCR. QRT-PCR was carried out by ABI Prism 7700 sequence
detector. RNA was purified from a lymph node lysate using RNeasy
Mini Kit (Qiagen), and then purified RNA was subjected to one-step
RT-PCR with QuantiTect SYBR Green (Qiagen) according to the
manufacturer’s instructions. The sequences of the forward and reverse
primers used are shown in Supplementary Table S1. The primers were
designed by Primer Express Version 2.0 software (ABI).

Selection of mRNA maker. Forty-five candidate mRNA markers,
selected as being specific to breast cancer tissue, were identified from
the public EST database (33). The performance of these mRNA markers
was evaluated with QRT-PCR using a mixture of four histopatholog-
ically positive and four negative lymph nodes. The results were
summarized as C, (threshold cycle) values for each mRNA marker
(see Supplementary Table S2). The selected markers, KRT19 (CK19),
CEACAMS5 (CEA), forkhead box Al (FOXA1), SAM-pointed domain
containing ETS transcription factor (SPDEF), tumor-associated calcium
signal transducer 2 (TACSTD-2), mucin 1 (MUC1), and MGB1, were
further evaluated with QRT-PCR using 11 histopathologically positive
and 15 negative lymph nodes from 26 patients.

RT-LAMP reaction of CK19 mRNA. The RT-LAMP reaction was
carried out according to the Notomi's method (26, 27). The human
CK19 mRNA was synthesized by in vitro transcription from cloned
cDNA.

A 2-uL sample of human CK19 mRNA in a lysis buffer containing 200
mmol/L glycine-HCl, 20% DMSO, and 5% Brij35 (pH 3.5) was added to
23 L of solution consisting of 3.5 pmol/L each of the forward inner
(CK19FA) and reverse primer (CK19RA}), 0.2 umol/L each of forward
outer (CK19F3) and reverse primer (CK19R3), 2.6 umol/L each of
forward loop (CK19LPF) and reverse primer (CK19LPR), 0.9 mmol/L
deoxynucleotide triphosphates, 54.3 mmol/L Tris-HCl, 10.8 mmol/L
KCl, 10.8 mmol/L (NH;),S0,, 5.4 mmol/L MgS8QO,, 0.1% Triton X-100,
5.4 mmol/L DTT, 2.5 units avian myeloblastosis virus reverse
transcriptase (Promega), 18 units Bst DNA Polymerase (New England
Biolabs), and 25 units RNasin Plus (Promega). Each reaction mixture
contained three pairs of primer sets including the loop primer (27).
The sequences of the human CK19 primers were designed as amplicons
spanning exon junction regions between CK19 exons 1 and 2 and were

Fig. 1. OSNA assay. A, schematic diagram
of the OSNA procedure. 8, standard curve
of human CK19 mRNA measured by

RD-100i in the presence and absence of
lymph node lysate. A histopathologically
negative lymph node (600 mg) was

-0~ Absence of lysate
—®- Presence of lysate

homogenized in 4 mL of lysis buffer.

A 180-uL sample of the lymph node lysate
was added to 20 uL of human CK19 mRNA
in the lysis buffer. The final concentration
of human CK19 mRNA was adjusted to

25 x10% 2.5 x 105, 2.5 x 10%, 2.5 x 10°,
and 2.5 x 102 copies/ul. A 2-pL sampte of
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each was subjected to the RT-LAMP
reaction under the same conditions
described in Materials and Methods.
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Fig. 2. A schematic representation of

461 AGGTGAAGAT CCGCGACIGG TACCAGAAGC AGGGGCCTGG GCCCTCCCGC
TCCACTTCTA GGCGCTGACC ATGGTCTTCG TCCCCGGACC CGGGAGGGCG

FA primer (F2)
511 GACTACAGCC ACTACTACAC GACCATCCAG GACCTGCGGG ACAAGATTCT

F3 primer

primer placement along the CK19 cDNA
sequence. The CK19 cDNA sequence
(NM.002276) and the sequence of the
primers for the CK19 RT-LAMP are shown.
The location on CK19 cDNA where each
primer-set binds is underlined. The
sequence of the inner primer (FA and RA)
consists of discontinuous two different

CTGATGTCGG TGATGATGTG CTGGTAGGTC CTGGACGCCC TGTTCTAAGA

561 TGGTGCCACC ATTGAGAACT CCAGGATTGT CCTGCAGATC GACAATGCCC
ACCACGGTGG TAACTCTTGA GGTCCTAACA GGACGTCTAG CTGTTACGGG

LPF primer
RA primer (R1c)

regions, Flc and F2 (or Ric and R2), to FA primer (F1c)
create the stem structure during the ,
RT-LAMP reaction. The exon junction LPR primer v

between exons 2 and 3 is included in the

611 GTCTGGCTGC AGATGACTTC CGAACCAAGT TTGAGACGGA ACAGGCTCTG

sequence of the R2 region in the RA primer
(arrowhead).

CAGACCGACG TCTACTGAAG GCTTGGTTCA AACTCTGCCT TGTCCGAGAC

661 CGCATGAGCG TGGAGGCCGA CATCAACGGC CTGCGCAGGG
GCGTACTCGC ACCTCCGGCT GTAGTTGCCG GACGCGTCCC

RA primer (R2)

R3 primer

furthermore designed as mismatch sequences of the CK19a and CK19b
pseudogenes (GenBank accession number M33101 and U85961) using
Probe Wizard (RNAture). Primer sequences were 5-GGAGTTCI-
CAATGGTGGCACCAACTACTACACGACCATCCA-3" (CK19FA), 5-
GTCCTGCAGATCGACAACGCCTCCGTCTCAAACTTGGTTCG-3'
(CK19RA), 5-TGGTACCAGAAGCAGGGG-3’ (CK19F3), 5
GTITGATGTCGGCCTCCACG-3° (CK19R3), 5-AGAATCTTGTCCCG-
CAGG-3" (CK19LPF), and 5-CGTCTGGCTGCAGATGA-3" (CK19LPR).
The sequence of each primer and its placement along the CK19 cDNA
sequence are shown in Fig. 2. :

The RT-LAMP reaction with CK19 mRNA was carried out in a gene
amplification detector, RD-100i (Sysmex). Mori etal. (34, 35) reported
that PPi, which is produced in the course of the RT-LAMP reaction,
binds to magnesium ion to result in magnesium PPi. The amount of
magnesium PPi increases with the passage of the reaction. Magnesium
PPi has a low solubility in aqueous solution and precipitates when its
concentration reaches saturation. The amplification of CK19 mRNA
was monitored by measuring the turbidity of the reaction mixture at 6-s
intervals. The threshold time was defined as the time at which the
turbidity exceeded 0.1.

OSNA assay. A schematic diagram of the OSNA assay with CK19
mRNA is shown in Fig. 1A. A histopathologically negative lymph node
(=600 mg) was homogenized in 4 mL of the above lysis buffer for 90 s
on ice using a Physicotron Warring blender with an NS-4 shaft
(MicroTec Nichion). The homogenate was centrifuged at 10,000 x g for
1 min at room temperature. A 2-uL sample of the supernatant (lysate)
was subjected to the RT-LAMP reaction under the same conditions as
above. CK19 mRNA copy number was determined based on the
standard curve using a known quantity of human CK19 mRNA.

Effect of lymph node size on the OSNA assay. A histopathologically
negative lymph node (130 mg) was homogenized in 4 mL of lysis
buffer under the same conditions as above. A 180-uL. sample of lymph
node lysate was added to 20 pL of human CK19 mRNA in the lysis
buffer. The final concentration of human CK19 mRNA was adjusted to
2.5 X 10° and 2.5 x 10% copies/uL. About 2 pL of each sample was
subjected to the RT-LAMP reaction under the same conditions described
above. Each sample was assayed in duplicate. Other histopathologically
negative lymph nodes {214, 354, and 428 mg) were treated under the
same conditions as above.
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Amplification of genomic DNA by the OSNA assay. Genomic DNA
was extracted from histopathologically positive lymph nodes using
QIlAamp DNA Mini Kit (Qiagen) according to the manufacturer’s
instructions. Purified genomic DNA (100 ng) was subjected to the
OSNA assay using the CK19 primers described above.

Protocol for determining the cutoff values. A cutoff value (L) for the
OSNA assay between metastatic positive and negative lymph nodes was
determined using 106 lymph nodes (42 histopathologically negative
lymph nodes from pNO patients, 42 histopathologically negative lymph
nodes from pN1-3 patients, and 22 histopathologically positive lymph
nodes) from 30 patients (24 ductal carcinomas, 5 spedal types, and
1 ductal carcinoma in situ). As shown in Fig. 3A, the central part of one
quarter of a frozen lymph node (40-600 mg) of 1 mm thickness was
dissected out. Four levels (i, ii, iii, and iv) were used as permanent slices
for the histopathologic examination with H&E and immunohisto-
chemistry using anti-CK19 antibody (DAKO) as shown in Fig. 3A.

Histopathologically positive lymph nodes were defined as those that
were positive at any of four levels (j, ii, iii, and iv). Histopathologically
negative lymph nodes were defined as those that were negative in all
four levels. Blocks a and ¢ were used for the OSNA assay. A cutoff value
was determined by statistical analysis of the copy numbers obtained by
the OSNA assay of the histopathologically negative lymph nodes from
pNO patients.

According to the tumor-node-metastasis (TNM) classification of the
Unio Internationale Contra Cancrum (Italian) sixth and the American
Joint Committee on Cancer sixth editions (36), macrometastasis is
defined as having metastatic foci of 22 mm in the long axis. In the
OSNA assay, macrometastasis is assumed as having the amount of
CK19 mRNA expression in 2> mm? of metastatic foci. Based on this
assumption, we estimated a cutoff value (H) for CK19 mRNA between
macrometastasis and micrometastasis as follows. Nine frozen histo-
pathologically positive lymph nodes from nine breast cancer patients
(8 ductal and 1 lobular carcinomas) were used to estimate the amount
of CK19 mRNA expression in 2> mm® of metastatic foci (Table 1). A
frozen lymph node was serially sectioned at 10-pm intervals. Each slice
was first examined with CK19 immunohistochemistry - based histo-
pathologic examination to measure the area of metastatic foci and then
with RT-LAMP to measure CK19 mRNA expression. The procedure is
detailed in Fig. 3B.
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Fig. 3. Protocols. 4, protocol for determining a cutoff value for micrometastasis and nonmetastasis. 8, protocol for determining the cutoff value between macrometastasis
and micrometastasis. Serial frozen sections taken at 10-um intervals were prepared from histopathologically positive lymph nodes. One of two consecutive frozen sections
was subjected to CK19 immunohistochemistry (CK19-IHC) - based histopathologic examination to measure the area of metastatic foci, and then the volume of the
metastatic foci was calculated by multiplying the area by the thickness of the slice. The adjacent section was subjected to the OSNA assay. The expression level of CK19 mRNA
in 2% mm? was estimated based on the correlation between the volume of metastatic foci and CK19 mRNA expression. C, clinical study protocol.

In the OSNA assay, an amount of CK19 mRNA expression less than
the cutoff value was indicated as (-), an amount of CK19 mRNA
expression between the cutoff values L and H was indicated as (+), and
an amount of CK19 mRNA expression greater than the cutoff value
H was indicated as (++).

Clinical study protocol. An intraoperative clinical study was con-
ducted from February 2005 to July 2005 at six facilities other than
Sysmex Central Research Laboratories. A total of 325 fresh lymph nodes
(101 patients), including 81 SLNs (49 patients), were used with the
approval of the internal review board at each facility. The clinicopath-
ologic characteristics of patients are shown in Table 2. A large percent of
patients had stages 1 A/B and II A/B. The majority of patients had a
nodal status of pNO and pN1. About 80% of patients had invasive
ductal carcinoma.

A fresh lymph node with a short axis of 4 to 12 mm was divided into
four blocks at 1- or 2-mm intervals using our original cutting device
(Fig. 3C and 4). Blocks a’ and ¢’ were used for the OSNA assay. Two
slices were cut from each of the three cutting surfaces (i, ii’, and iii'), as
shown in Fig. 3C, and used for the permanent three-level histopath-
ologic examination with H&E and CK19 immunohistochemistry.

In the histopathologic examination, macrometastasis and micro-
metastasis were defined according to the TNM dassification of the Unio
Internationale Contra Cancrum sixth and American Joint Committee
on Cancer sixth editions (36). All samples for histopathologic exam-
ination were examined by three third-party pathologists. Conflicting
results were settled consensually. The performance of the OSNA assay
was compared with the three-level histopathology.

The OSNA assay analyzed different blocks from those used in the
three-level histopathologic examination. Therefore, in this protocol, the
sensitivity and specificity of the OSNA assay could not be calculated
based on the histopathologic results. For this reason, we evaluated the
performance of the OSNA assay as a concordance rate with the three-
level histopathologic examination.

In the case of lymph nodes from pNO patients, blocks b’ and d’ were
further sliced at 0:2-mm intervals, followed by staining each alternate
slice with H&E and CK19 immunohistochemistry (Fig. 3C). A total of
144 lymph nodes, in which neither macrometastasis nor micrometa-
stasis were observed in the above serial sectioning examination, were
used for the false positive study of the OSNA assay.

When discordance between the OSNA assay and the three-level
histopathologic examination occurred, a histopathologic analysis of
blocks b’ and d' was repeated. All slides for the histopathologic
examination were examined and evaluated by three third-party
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pathologists. All results of histopathologic examinations were finally
determined by a study group comprised of representatives from the
different facilities.

Analysis of discordant cases. In the analysis of discordant cases,
QRT-PCR and CK19 Western blot analysis of the lysates were carried
out. QRT-PCR was carried out with TagMan RT-PCR. RNA was purified
from lymph node lysates using RNeasy Mini Kit (Qiagen), and then the
purified RNA was subjected to TagMan one-step RT-PCR universal
master mix (ABI) according to the manufacturer’s instructions.
The sequences of the forward and reverse primers designed for human
CK19 were 5-CAGATCGAAGGCCTGAAGGA-3’ and 5-CITGGCCCCT-
CAGCGTACT-3', respectively. The sequence of the TagMan probe, con-
taining a fluorescent reporter dye (FAM) at the 5" end and a fluorescent
quencher dye (TAMRA) at the 3’ end, was 5-FAM-GCCTACCTGAA-
GAAGAACCATGAGGAGGAA-TAMRA-3'. The primers and TagMan
probe were obtained from Applied Biosystems (ABI). All QRT-PCR
reactions were done in duplicate.

In the CK19 Western blot analysis, lysate (20 pL) was added to 10 pL
of loading buffer containing 150 mmol/L Tris-HCI, 300 mmol/L DTT,
6% SDS, 0.3% bromophenol blue, and 30% glycerol. The solution was
boiled and electrophoresed on a polyacrylamide gel in the presence of

Table 1. CK19 mRNA expression in 23 mm? of
metastatic foci

Case Histology CK19 mRNA (copy/uL)
1 Ductal carcinoma 2.3 x 10
2 Ductal carcinoma 1.1 x 104
3 Ductal carcinoma 4.7 x 10°
4’ Ductal carcinoma 5.0 x 10*
5 Ductal carcinoma 1.0 x 10*
6 Lobular carcinoma 1.4 x 10°
7 Ductal carcinoma 2.0 x 10*
8 Ductal carcinoma 6.7 x 10%
9 Ductal carcinoma 2.4 x 10%
Average 3.0 x 10%

NOTE: CK19 mRNA expression in 2 mm? of metastatic foci was
estimated on the basis of the examination of serial sections
(Fig. 3B).
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Table 2. Clinicopathologic characteristics of
patients .

Number of patients

Stage
0 5
1A/B 41
11 A/B 49
111 A/B/C 5
v 1
Nodal status
pNO 60
pN1 35
pN2 2
pN3 4
Histopathologic type
Invasive ductal carcinoma 8

7
Neuroendocrine carcinoma 1
Matrix producing carcinoma 1
Mucinous carcinoma 2
Apocrine carcinoma 1
Invasive lobular carcinoma 4
Ductal carcinoma in situ 5

SDS (PAG Mini; Daiichi Pure Chemicals). After electrotransfer to
Immobilon-FL polyvinylidene difluoride membranes (Millipore), the
membrane was blocked with skim milk (BD Bioscience) for 1 h at room
temperature. The primary antibody, anti-CK19 (A53-B/A2; Santa Cruz
Biotechnology), was diluted 1:500 with TBS-Tween 20 (TBS-T)
solution, and the membrane was incubated at 4°C overnight with
anti-CK19 antibody. The membrane was then washed with TBS-T and
incubated with a secondary antibody conjugated with horseradish
peroxidase, which was diluted 1:2,000 with TBS-T. After washing the
membrane twice with TBS-T, CK19-CK19 antibody complex was
visualized using the ECL-Advance detection kit (GE Healthcare). The
intensity of the signal in each band was evaluated by LumiAnalyst

(Roche). CK19 protein concentration was determined based on a
standard curve that was obtained by measuring known quantities of
CK19 protein (Biodesign) of 0.15, 0.075, 0.038, and 0.018 ng/uL.

A cutoff value for CK19 protein expression between histopatholog-
ically positive and negative lymph nodes was determined by Western
blot analysis of 37 histopathologically negative lymph nodes from 16
pNO patients, 54 histopathologically negative lymph nodes from 17 -
pN1-3 patients, and 22 histopathologically positive lymph nodes from
12 patients (Figs. 3A and 5A). The cutoff value was determined by
statistical analysis of the amount of CK19 measured by Western blot
analysis of 37 histopathologically negative lymph nodes from 16 pNO
patients.

Results

Selection of the mRNA marker. We evaluated mRNAs for
CK19, CEA, FOXAl, SPDEF, MUC1, and MGB1 using 11
histopathologically positive and 15 negative lymph nodes from
26 patients. The absolute mRNA expression levels of CEA and
MGBI in metastatic lymph nodes were not as high as expected,
whereas the absolute expression levels of MUC1 mRNA in
nonmetastatic lymph nodes was relatively high. For these
reasons, CEA, MGB1, and MUC1 mRNAs were not selected for
the OSNA assay.

The expression levels of CK19, FOXA1, and SPDEF mRNAs
differed between histopathologically positive and negative
lymph nodes. However, the lower limits of the expression
levels of FOXAl1 and SPDEF mRNAs in histopathologically
positive lymph nodes were 4 to 30 times less than that of CK19
mRNA (Fig. 6). On the other hand, the detection limit of the
OSNA assay was nearly equivalent to 32 threshold cycles of the
RT-PCR system. An assay system should detect the upper limit
of the expression levels of an mRNA marker in histopatholog-
ically negative lymph nodes. The upper limits of the threshold
cycle of FOXA1 and SPDEF mRNAs were about 35 and 32,

Fig. 4. Lymph node cutting device.
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respectively. For these reasons, we determined CK19 mRNA to
be the best marker for the OSNA assay.

OSNA assay. As shown in Fig. 1B, an inverse correlation
between the threshold time in the RT-LAMP step and CKi9
mRNA concentration was observed in a range of CK19 mRNA
concentrations of 2.5 x 10? to 2.5 X 10° copies/ul, and both
curves overlapped completely in the presence and absence of

“'the lymph node lysate; the comrelation coefficient value in both

cases was 0.99. This result indicates that factors that may be
present in lymph node lysates do not interfere with the OSNA
assay.

Effect of lymph node size on the OSNA assay. The threshold
time of the OSNA assay with 2.5 x 10® and 2.5 X 10° copies/uL
of CK19 mRNA in a lysate obtained from 130 mg of lymph
node was 10.9 and 9.6 min, respectively. The threshold time
with 2.5 x 10° copies/uL of CK19 mRNA in a lysate obtained
from a lymph node of 214, 354, and 428 mg was 10.7, 10.9,
and 10.9 min, respectively, whereas the time with 2.5 x 10°
copies/uL of CK19 mRNA in a lysate obtained from a lymph
node of 214, 354, and 428 mg was 9.6, 9.7, and 9.7 min,
respectively. The threshold times with 2.5 x 10° and 2.5 x 10°
copies/uL of human CK19 mRNA in the lysates obtained from
lymph nodes of 130, 214, 354, and 428 mg were within an
acceptable error range. The results indicate that the OSNA assay
is not influenced by lymph node size.

Amplification of genomic DNA by the OSNA assay. To
exclude the possibility of genomic DNA amplification in the
OSNA assay, we examined the OSNA assay using genomic DNA
purified from lymph nodes. Genomic DNA was not amplified
from either metastatic or nonmetastatic lymph nodes. The
results indicate that the OSNA assay amplifies only CK19
mRNA.

Cutoff values. A cutoff value for the OSNA assay between
histopathologically positive and negative lymph nodes was
determined by the logarithmic normal distribution of CK19
mRNA copy numbers from 42 lymph nodes from pNO patients.
The average value of CK19 mRNA expression +3 SD was 2.5 X
107 copies/uL. Based on this analysis, we set the cutoff value at
2.5 x 10? copies/uL, which represents the upper limit of the
copy numbers in the histopathologically negative lymph nodes
from pNO patients (Fig. 7A).

To validate the cutoff value, we examined CK19 mRNA
expression in 42 histopathologically negative lymph nodes
from 16 pN1-3 patients. Only one of these 42 cases showed
>2.5 X 10? copies/uL CK19 mRNA (Fig. 7B). This lymph node
showed 3 x 10 copies/uL of CK19 mRNA. This suggested that
micrometastatic foci in block a or ¢ (Fig. 3A) of the lymph node
were included in the sample. On the other hand, CK19 mRNA
expression in all 24 pathologically positive lymph nodes from
10 patients exceeded the cutoff value (Fig. 7C).

To obtain a cutoff value for CK19 mRNA expression between
macrometastasis with metastatic foci >2°> mm® and micrometa-
stasis, we compared CK19 mRNA expression in serial sections
of a lymph node with an area of metastatic foci and roughly
estimated macrometastasis to be >5 x 10% copies/uL, which is
the lowest value of CK19 mRNA expression found in metastatic
foci of 2> mm? (Table 1).

Accordingly, for the OSNA assay, we defined macrometa-
stasis (++) as >5 X 10 copies/uL of CK19 mRNA, micrometa-
stasis (+) as 2.5 x 10% to 5 x 10? copies/uL, and nonmetastasis
(-) as <2.5 x 107 copies/uL.
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Clinical study. All OSNA assays were carried out during
surgery and were completed within 30 min. H&E and CK19
immunohistochemistry were used in the histopathologic
examination.

Isolated tumor cells (ITC)} are widely used as one of
indicators in a nomogram-aiding treatment decisions. In the
American Society of Clinical Oncology guidelines (10), ITCs are
described as having unknown clinical significance, and there
are insufficient data to recommend appropriate treatment,
including axillary lymph node dissection. For this reason, we
viewed ITC as negative.

Table 3 shows the results of CK19 immunohistochemistry in
all samples with the H&E results given in parenthesis. H&E-
based histopathology failed to detect 1 of 40 cases of macro-
metastasis and 3 of 5 cases of micrometastasis. Overall, the
sensitivity of H&E-based histopathology was 91.1% based on
the results of CK19 immunohistochemistry-based histopa-
thology. The sensitivities of the one- and two-level CK19
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Fig. 5. CK19 protein expression inlymph node lysates. A, CK19 protein expression
inhistopathologically positive and negative lymph node lysates. °, histopathologically
negative lymph nodes dissected from pNO patients. 1, histopathologically negative
lymph nodes dissected from pN1-3 patients. $, histopathologically positive lymph
nodes. The CK19 protein expression was determined by Western blot analysis

(see Materials and Methods). Broken line, cutoff line between micrometastasis

and nonmetastasis. The protein concentration of representative lymph node lysates
used in this experiment was within the range of 8.7 to 11.6 ug/uL. B, a representative
example of Western blot analysis of CK18 protein in lymph node lysates. Lane 1,
molecular weight markers stained with Coomassie brilliant blue. Lanes 2 and 4,
histopathologically positive lymph node lysate. Lanes 3 and 5, histopathologically
negative lymph node lysate. Arrow, CK19 protein. *, nonspecific bands. The vertical
scale shows molecular weights.

www.aacrjournals.org

—237—



OSNA for Lymph Node Metastasis in Breast Cancer

15 Y
‘ ! L ] .
[ [ ]
20 s [ ] 9 ! '
0 * ! ° s
° L4 °
. ) S o 4 [ ] [}
Fig. 6. Expression of mRNA markers in & 25 : ° : ® 3 *
histopathologically positive and negative o [ 4 ° °
lymph nodes. The selected mRNA markers 2 ® d o g °
(CK19, FOXA1, SPDEF, CEA, MGBI, & 30| ° [} 8
TACSTD2, and MUCT) were evaluated by £ ® 0
QRT-PCR using 11 histopathalogically F 0 ° 8
positive (®) and 15 negative (O) lymph o g . °
nodes from 26 patients. 35 r g
[} . 8 °
Q
5} g °
40 8 *—o
Histopathology + - + - + - + - + - + - F
CK19 FOXA1 SPDEF CEA MGB1 TACSTD2 MUC1

immunohistochemistry - based histopathologies were 86.7%
and 91.1%, respectively, based on the results of three-level
CK19 immunohistochemistry-based histopathology (Supple-
mentary Table S3).

The concordance rate between the OSNA assay and the CK19
immunohistochemistry - based three-level histopathology for
325 lymph nodes was 98.2%. The concordance rate for SLNs
was 96.4%.

No false positive results were found with the OSNA assay of
144 histopathologically negative lymph nodes from 60 pNO
patients, in which neither micrometastasis nor macrometastasis
was observed for serial sections from blocks b’ and d’ (Fig. 3C).
Furthermore, the OSNA assay judged 13 ITC cases as negative.
These results are summarized in Table 3.

Discordant cases. Six discordant cases were observed be-
tween the OSNA assay and CK19 immunohistochemistry-
based histopathologic examination (Table 4). Four cases were
micrometastasis according to the OSNA assay and were
negative according to the CK19 immunohistochemistry - based
histopathology. In any case, CK19 mRNA expression of >10?
copies/uL was observed (Table 4). These four discordant cases
came from pN1 and pN2 patients. In two of four cases,
micrometastasis was observed in the multilevel examinations
of blocks b’ and d". On the other hand, two remaining cases
(Table 4, samples 5 and G) were negative according to the
OSNA assay and micrometastasis according to the three-level
histopathology. Samples 5 and 6 showed metastatic foci of 0.3
and 0.4 mm in the long axis, which were observed on surfaces
i’ and ii, respectively. When i’ and ii’ were histopathologically
examined, about 0.2 mm was shaved from the surfaces of
blocks b’ and d’. Therefore, the amount of metastatic foci in
blocks a” and ¢’ that were used for the OSNA assay (i.e., a’ and
) could not be quantified.

We also measured the amount of CK19 protein by Western
blot analysis of the lysate used in each discordance case. A
cutoff value for CK19 protein expression between metastasis
positive and negative lymph node was determined by the
distribution of CK19 protein expression in 37 histopatholog-
ically negative lymph nodes from 16 pNO patients. The
distribution could be described as a logarithmic normal
distribution. The statistical analysis indicated that an average
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value +3 SD was 0.13 ng/uL. Based on this analysis, the cutoff
value was determined to be 0.3 ng/uL, which is the upper limit
of the CK19 protein expression in 54 histopathologically
negative lymph nodes from pN1-3 patients (Fig. 5A).
Furthermore, CK19 protein expression in 22 histopathologi-
cally positive lymph nodes from 10 patients contained protein
levels over the cutoff value.

Based on this cutoff value, we measured the amount of CK19
protein using quantitative Western blot analysis of the lysate for
the OSNA assay of samples 1, 2, and 5. As described in Table 4,
samples 1 and 2 showed an amount of CK19 protein
expression equivalent to micrometastasis. Sample 5 exhibited
no CK19 protein expression.
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Fig. 7. CK19 mRNA expression in the OSNA assay carried out under the protocol A
(Fig. 3 A). °, histopathologically negative lymph nodes dissected from

pNO patients. *, histopathologically negative lymph nodes dissected from )

pN1-3 patients. *, histopathologically positive lymph nodes. Top broken line,

cutoff between macrometastasis and micrometastasis. Bottom broken line, cutoff
between micrometastasis and nonmetastasis.
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