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(3) The Progress of Molecular Targeted Therapies with Biologics against Breast Cancer
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In recent years, analyses regarding the mechanisms that control the proliferation/survival of tumor cells
and amplification/overexpression of molecules in tumor cells are now underway, making possible construction of
new treatment strategies with these as the target.

In the field of breast cancer treatment, trastuzumab, which is a humanized monoclonal antibody targeting
human epidermal growth factor receptor 2 (HER2), was clinically introduced in June, 2001. This agent demon-
strated a significant improvement in the prognosis of HER2-positive breast cancer patients and expansion of its
adaptation to postoperative adjuvant therapy and preoperative therapy has been attempted, beginning with the
treatment against advanced/recurring breast cancers. Moreover, research regarding concomitant drugs has ad-
vanced, with many clinical trials currently in progress. '

Bevacizumab is a humanized monoclonal antibody targeting vascular endothelial growth factor (VEGF),
which is an angiogenic factor observed as having additive therapeutic effects on advanced/recurring breast can-
cers in combined use with chemotherapy. Its application for the treatment of breast cancer in Japan was ap-
proved in September, 2011 followed by colon cancer and lung cancer, making clinical applications possible.

In addition, many clinical trials are being carried out with the invention of the monoclonal antibody pertuzu-
mab, which inhibits heterodimer formation of HER2 with HER1 or HER3, trastuzumab emtansine (T-DM1}),
which is an antibody-drug conjugate (ADC), etc., and in the future the realization of “personalized medicine” is
thus hoped for in the treatment of breast cancer.
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Fig. 1 The mode and site of action of trastuzumab
HER2: human epidermal growth factor receptor 2.

K BLA|) 7T 5 trastuzumab & bevacizumab % H
DT, RIS B AW FER B B0 RN
HEEOBRIZOWTHF T 5.

1. Trastuzumab

Trastuzumab I, human epidermal growth factor
receptor 2 (HER2) 2% —%v h& L7k MEE/
70—+ VPR TH Y, HER2 Offas Fx 4 i
R4 hH~T AHFEE/ 7 u—F Pk (4D5) DHLK
AWML e MaEs7O 7Y Y EERICBHELZD
D TH 5. Trastuzumab #% HER2 & H OHMfES F »
AVCHETHILITED, HER2 ZALTHEL S
RN Y 7 MzEH A — F O, HER2 O
FRABITE L U RORE, JudEFTMRREE,
JERE M A DI & 2 BE OBEIEIH 2 L)%
Y, viEBRREHET S (Fig 1).

HER2 B2 1L, FLBEED 18~20% 2 5o,
HER2 EMRMBICH L CERENE S 2o TE T
REEENRTWED, trastuzumab DEBHIZ L D K
B2 FHROGENELE SN, #1T - FEILBIIHT
B YD D IS R R B, RN £ D
BUROILRAE SN TE . &EIC HER2 Btk
BUILEICH T A trastuzumab O F % % B2+
U} 72 D% 2001 412 Slamon H I & Y R I N2 E
IR (H648 RER) "DRERTH L. ZORHBRT
i, trastuzumab 2 7 VAT YA 2 ) VRBUER +
cyclophosphamide ¥ 7z i paclitaxel 12 L& 9 %
Z & T time to progression (TTP) O R{E% 74
vs46 » A (p<0.001), AFHHOPRMEE 251 vs
203 # A (p=0046) EBFRICER L7, 2720, 7
YRTHA L) REUER & OBFRBEICB VT,
DERFPEEEICAELLZ ELIREENL. Z08%

b % L DERRBRED T b, docetaxel & trastuzu-
mab & DHAHICE 55 v ¥ AL T HEERR T
1325 61%, vinorelbine & DHEHIC L 2 H T — A
DO TR TR 68% 2 L&, BWEN T
LNTWA, F72, trastuzumab AL L ¥ X VTR
9 LIREEST (progressive disease : PD) &7 o7z
Bd, (LPEEAHEZREWEDO R VERIIER T
trastuzumab DK 5 % 17 9 1H# (beyond PD) @
EiEPHRE SN TWS. 2095 von Minckwitz
5 ORRTIIARICERER/INDRFE L, TTP
JLfE 1% 82 vs 56 # A [hazard ratio (HR) =0.69,p=
00338] L EELRIERE %D T\w5b. HER2 BpkRH
LT B R MBREOF AL, REWR 4
DORKBEEE R ALK (Table 1) THEIZ I NP, &
NEORETVA VICEENDSHLDDD, wWih
b trastuzumab @ ff I X % disease free survival
(DFS) B & U overall survival (0S) OB E R EEN
RENT MATHEE T, LS L trastuzumab
DI X b 39~65% & & v pathological com-
plete response (pCR) 2, B L U 34 DFS O[] L8
WHEERTWBEY,

Trastuzumab & AWEEOHFHBICEL To T
VP Y 23 2L S hTwi v, HER2 B d
DRIV E VAR R REBEIRE N 5
ENHRBROBRIME SN TS, ZD) B,
TAnDEM & BX” T 1%, anastrozole IZ trastuzumab
% BB U728 T progression free survival (PFS) H
JLEA 48 vs 24 # B (HR=063,p=0.0016) L EE
ICBIFCH o7 %72, eLECTRA SRV T, letro-
zole 2 trastuzumab % BFH L 72%F & letrozole HJH
BLOKRETTTP hRfEld 141vs33 2 A (HR=
067,p=023)TH Y, EBIFA 57 Bl & Dz dno 727z
WA BZEII R WD OO trastuzumab B HE TEN
DMEADR SN, RIVE Y ZEARE L HER2
DFuY ¥ F—EREEOMIZIZZIOA - b—2
DHFFEIRBENTEY, FIVE Y ZHEEEIIE
Wb g A NG WL D X A = X 41213 HER2
TLEPEE L TWwEEEZEZLNTVWS. DD,
Wb & trastuzumab OB, NOWHEED
WAL Z B¢ 5 & FRIC, Zhick ) mEH oM
FERREIPBONDL LD LTI TV S,

HER2 #BEM & T 50 FENEE LT, BERR
T, AMFENEAITH 5 trastuzumab &, HER2
BIOWEGFROFa v v FF+—EHEETH S la-
patinib AR E N TV 5. WEEHIBFHIC & 2 AR
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Table 1 The results of pivotal clinical trials of postoperative adjuvant therapy with trastuzumab against early breast

cancer
Study N Arm median follow-up DFS 0S
any CTx (Ctrl) 74.3% 89.7%
R '

HERA 3401 any CTx —~ H 235M 80.6% (HR =0.64, p<0.0001) 92.4% (HR =0.66, p=0.0115)

Joint Anaalysis of NCCTG 3351 AC — P (Ctrl) 99 v 731% 89.4%

N9831 and NSABP B-31 ' AC—P+H ’ 85.9% (HR =048, p<0.0001) 92.6% (HR =065, p=0.0007)
AC = D (Ctr) 77% 86%

BCIRG 006 3222 AC—D+H 36 M 83% (HR =061, P<00001) 92% (HR =059, p=0.004)

D+Cb+H 82% (HR =067, p=00003) 91% (HR=0.66, p=0.017)

N: number of patients, DFS: disease-free survival, OS: overall survival, CTx: chemotherapy, Ctrl: control, H: trastuzumab, M:
months, HR: hazard ratio, AC: doxorubicin/cyclophosphamide, P: paclitaxel, Y: years, D: docetaxel, Cb: carboplatin.
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Fig. 2 The mode and site of action of bevacizumab
VEGF: vascular endothelial growth factor,
VEGFR: ascular endothelial growth factor receptor.

R2RTiRED RSN 2 HER2 BHEILE BT
HIEFEDO BT 5 trastuzumab 1T lapatinib 2 v»
PICHEENCHAAN TV 2, D SHBEET X
EHETHA.

2. Bevacizumab

Bevacizumab 1, MEHERFDO—2TH 5 vas-
cular endothelial growth factor (VEGF) ##E# & L
7ze MEE/ Zu—FVEETH Y, #AT - HREIL
FE 1Tt LALSESRTE & OBRRIC & A MG ERI R A
B LTV 5. Bevacizumab (ZEEMIE RO
FRTIERL, VY FIHETEH54 TOPHET
»Yy, EBESELETSVEGF 2SS -7y hELTE
OYEf % HE UIERIE O AL & IZEE O H
= WH$ 5 (Fig.2). 8512, BBICB) 2RFME
DIEFEAL, FMEBREEOIEFELIC L) RHUER OIE
AN OBZE & (L& LA OR R 2 BT 51F
HA2ET 5. ,

Bevacizumab OEZIME L, #1T - BREAB L HHR
& L 72 E2100 & B, RIBBON-1# B”, AVADO

RERD D 3 DD KB 111 A6 ER IR 3Bk T PFS DI
£, BHEOMESADSNER SN, TDIHD
HER2 Bt D #AT - BRI T 5 —KIERICE
v T, paclitaxel B #| & paclitaxel & bevacizumab
OB RS % LRRE L 72 E2100 B T, PFS
ROl 113 vs58 #» A, HR=0483 (95% B
i : 0.385~0.607), p<0.0001 & # 2D EERIER
wanL, &FEFFIT 489 vs222% (p<0.0001) & 2
BULOFER ERZ B COBRICETEK
ETi320084E 2 HIZ7 AV A EMEEMB (Food
and Drug Administration : FDA) D BEAHEA T &
niz., LaLZDH%k, 0S TidHR{E 265 vs 248 #
A, HR0869 (95% 12 # X M : 0.722~1.046), p=
01374 L HEBEIFHZVWZ LR EDPH 2011411 B
AR HENAZ L o/ (Table2). — %4
AFRTIE, 28 [T AERKRRAERTH 5 JO19901 B D
R, BT BREIABICHT L -KIEEIIBWT
paclitaxel & bevacizumab OFFHIZE D, PFS sk
8129 » B, &F%HZF 735%, OS FIHE 358 » B &
BIFRREAR S (Table2), 201149 HICEN
TORIGHRA LN TERRNDICHDFHIES LT
B. Fiz, BN TIZEBEIBICHT 5 —KIERL
L T paclitaxel % 7213 docetaxel & O fif F# LS &
HENTWE,

3. TOft

1) Pertuzumab

Pertuzumab ¥, HER2ZD KA {4 Y I IZHEET 5
v MEE/ 7 0 —FVHAET, trastuzumab & 135!
D RKAAL S L, HER2 @ HERL % HER3 & D
ANTHIAT R ERET S, 2 51T trastuzu-
mab & DHFRIC L BHFR RSN L 2SHTE S
nTwa®,

01112 A0 7y b=FHREmY Y RI T A
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Table 2 The results of clinical trials of bevacizumab for metastatic breast cancer

Study N Arm PFS RR 0S 1 year
survival rate
P (Ctrl) 58 M 22.2% 248 M 73.4%
E2100

722 P+Bev 11.3 M 49.8% 265 M 81.2%

HR=0483 HR =0.869

(95% CI. 0.385-0.607) 95% CTL: 0.722-1.046)

p<0.0001 p=01374

JO19901 117 P+ Bev 129 M 73.5% 358 M 88.9%

N: number of patients, PFS: progression-free survival, RR: response rate, OS: overall survival, P: pacritaxel, Ctrl:
control, Bev: bevacizumab, M: months, HR; hazard ratio, CI: confidence interval.

28T HER2 i B 2L IS¢ 5 —Ria#
& L T trastuzumab & docetaxel 12 pertuzumab %
R HEREMEET 55 I MAB (CLEOPA-
TRA) OFFERIEE SN, pertuzumab LFEEEICE
WT PFS Ll 185 vs 124 % H, HR=0.62(95%
EBXMH : 051~0.75), p<0001 TH y, HE) 22
B KT SEELIEPHLDE Loz, BEIFEIL
80.2 vs 69.3%, CR FiZ 55vs42% TH-72". ZD
137, trastuzumab HE1THIICHEAT L 72 HER2 Bafkiés
BYEFRMRICH L, trastuzumab & capecitabine O
FHIZ pertuzumab % LT HLEREZMILET HE 11
HE 8 PHEREXA 258/ TH TH 5.

2) Trastuzumab-DM1 (T-DM1)

T-DM1 i, trastuzumab & B/NEE A KRR EXIF
EARD DM1 % 56 8- EH T, Pk ETER O
BWEKRTH S, Trastuzumab & L CTORIREITH 2
T, HER2 M ICHLY & % 7z DM1 3 5ufES;
MRZFEETS. T2, 20720, EEEABRIMEE
BEICBREINLZ2OZHIBT 25RO HFFTCE 5.
Trastuzumab fifT FICHE L 72 HER2 &8
AR AR L L TiTb i T-DML B 45 11 8RR
REBRTI, 38% DEWFESHFE LN TV EY, £ 72[F
Kk D E B % xF & 12 T-DM1 B %l & lapatinib - cape-
citabine Bt Fl B & % LB 3 5 £ 114 R B
EMILIA #5817/ Th 5. X512, 2011 £ 9 HORk
MAERFEFETIE, HER2 BB EILE L2 R &
L7245 11 AR IR 30 B% (TDM4450g/B021976) 12 B\
T, T-DMI1 #* trastuzumab & docetaxel #ffI#EIC I
LTPFSZHEICER L72 (PFSHJE : 142 vs
92 % H,HR=059, p=0.035) & DRI S /-2,

BbhiI

AR ODTFAEWZENRFEIBRA I NS DI,
FEOWIE - R ICHD LB EICHEL 2D,
FNoEI—5y b LD TEMNEORRBIREN

MIZED SN TS, ZO—F, HOPICTNERH
BLILELTWE, HAEKS  OBRKRABRITHhIh
TBY, FLBIIT BH7- 2 “RBILE
B OEJIANT THHROBRPHREINS.
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