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HER2 protein overexpression

/HNH%C
D2 1iem2 oncogene
amplification

tumor cell

HER2: Human Epidermal Growth Factor Receptor-2

EGF: Epidermal Growth Factor
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The New England
Journal of Medicine

Copyright @ 2001 by the Massachusetrs Medical Society

VOLUME 344 MarcH 15, 2001 NUMBER 11

USE OF CHEMOTHERAPY PLUS A MONOCLONAL ANTIBODY AGAINST HER2
FOR METASTATIC BREAST CANCER THAT OVEREXPRESSES HER2

Dennis J. Stamon, M.D., PH.D., Brian LEyLAND-JoNES, M.D., STEVEN SHAK, M.D., HANK FucHs, M.D.,
VIRGINA PaToN, PHARM.D., ALEx BajamonDe, PH.D., THomas FLEMING, PH.D., WoLrFeane ElErmANnN, M.D.,
JANET WoLTER, M.D., MARK PEGRaM, M.D., Jose BaseLca, M.D., AND LARRY NorTon, M.D.*

A g 1004
-;u. %0 B g 1004 C £ 1$-I
z a0 3 M =
2 70 2 £ ™
2 Chemotherapy plus frasturumab 2 70+ . S T
W gnd Y * Anthracycling, cyclophosphamide, £
@ s 20 and trasturumab & B0+ i
L 504 2 5o 3 =04 Paclitaxel and trasturumab
= £ [
g 40 P<0.001 £ P<0.001 T e Pe0001
w304 g 30 .% 30
o 4 2 204 Anthracycline and cyclo- o -
8 20 2 o oycline and oy i
i osphamide alone =] Paciitaval alone
g w g w g 1
E o o = 0 ——————— % £ o T T 7 T ;
'5 1"} 1'5 ZI'D 2'5 3 10 16 20 L1} 5 10 15 20 25
Months after Enroll t Months after Enroliment Meonths after Enrollment
onths after Enrolimen No.a7 Risx Ko ar e
MouaT Risk Anthracycline, cyclophos- 143 88 an 12z Pacltaxal and ez 54 23
Chemotherapy 235 1862 83 i3 phamide; and trastuzumat trastursmab
plus trastuzumat "-\“‘"";5 ;;r:\iedinjucr}’:h- 138 7 ey 2 Paclitaxal alons = = 5
Chemotherapy alons 734 103 25 ] phosp
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TABLE 4. ArwessE EveEwrs THar Ocoussen 18 More Than 10 PerceEwT OF PATIENTE A5 A GROUP.

Slamon D, NEJM 2001

L]

AN ANTHEACYCUME,  ANANTHRACYCLIKE AND
CHEMOTHERAPY CHEMOTHERAPY  CYDLDPHOSPHE MIDE, CYCLOPHOSFHAMIDE PRCUTAKEL ARD PR CUTAXEL
Tree OR LOCATION PLUS TRASTLZ UMAE BLOKE AKD TRASTUZUMAR BALONE TRASTLZUMAR BLDNE
OF AIVERSE EVENT (N=234| M= Z30) (N=143} IN= 133 (N="41] IN= sl

parcantage with event |percantage with sevare evenil

Amy ype

Abdoeminal pain 7 (3) 0(3) 13 (1) 18 (3} 12 (4)

Asthenda =Tl 56 (7) 54 (7 B3 (7 57 (B)

Rack pain Al [4) 12 (4) T 1& {2} A0 {5)

Cheest pain 24 (3) 24 (4) 20 {3} 21 {2} I (&)

Challs 38 (=1} &=l 35 (=1} 11 {2} 4 ()

Fever 53 (B) 29 (4) 56 (110 33 (7} 2301

Headache £1 [4) a0 (4) 4 (3) &1 (5] 28 (1)

Infecdon 7 20 (X £ (1 30 I (X

Fain S (6) S00(7) 42 &l (6)
Heart failure 28 (10 (1) B (3} 1L}
gESave Ta — ) —

Anorexia 28 (=1} 22 () 3l () la{z)

Conszipason a2 (1) 28 (3) 36 (1) (I

DNiarrhea £5 (1) I (3) £5(1) 30 (3

Mausea a5 a7 T (k) 48 (3]

Soomancs 22 (=1} 21 () 301} Fm

Vo ng £ (5) 0 (7) 53 (3) 28 (&)
Hemamlogic and lym

phadic symems

Anemia I () 19 () 35 (3) 25 (2) 14 (1} 1041

Lenkopenia 1 (11} 26 (%) 52 (15) 33 (11) 24 (&) 17 (&)
Musculoskelezal syseem

Arthralgia 20 [4) 14 () &=l 10 {=1) 7 (9 21 {4)

Myalgia 23 (3) 22 (3} 13 (=1} 13 {=1) 2B (7 36 ()
Mermus symem

Faresthesia 28 (=1} 23 (=1} 17 {0 11 {0 47 (2} a9l
Respirzmry mrace

Increased coughing, 43 (=1} 26 (=1} 43 (=1} 2B (0} 4 (0 22 (1)

ny=poea not relared 36 (3) 25 () £2 (4] 24 [ 4) 2B (1) 261

o heart faihene

Pharyngits I [y la (=1} 30 {0 18 {0 2% (0 142}
Skin

Alopeda 57 (&) 58 (35) 58 (X5) B0 (42) B (28] 56 {2}

Rash al (=1} 17 {=1) I {m 17 {=1) 2B (1} 18 {1}

2015/3/1«

*The amalysis of adverse evenss excluded five padems who were never meaned.



NSABP B-31

Operable Breast Cancer
HER-2 Positive Tumor
Path Positive Axillary Nodes

AC g3wk x 4 AC q3wk x 4
\

Paclitaxel q3wk x 4* Paclitaxel q3wk x 4*
or or

Paclitaxel qwk x 12* Paclitaxel qwk x 12*

* Choice of Taxol schedule and +

hormonal therapy at discretion of Trastuzumab qu X 52
investigator — stratification factors

PRUFPYAZ 2+ 200TART7ZR (T
2 RFH)



NSABP B31 Primary Aim

THA 2 BIREIEERS > LMb 2 BFHEEGHER

XIER - REEFER(C 2 ) B % CTFMiRIgEIRHER25 > )\

= TN AR

AC g3x4 + Taxol g3x4/ q1x12+ Herceptin q1x52(1yr)
Vs

AC g3x4 + Taxol g3x4/ q1x12
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NABP B31 #&R (8%

WOoOLUME 29 -

JOURNAL OF CLINICAL ONCOLOGY

NCCTG EERTEREICE T i HiZzFHE
DFSICEAULT. J\—tETF>O3R(IFETFE(C

BE (P<.001)

\/-—

NMUMBER 25 -

SEFTEMEBER 1 2011

4year follow up)

ORIGINAL REPORT

Four-Year Follow-Up of Trastuzumab Plus Adjuvant
Chemotherapy for Operable Human Epidermal Growth
Factor Receptor 2—Positive Breast Cancer: Joint Analysis of
Data From NCCTG N9831 and NSABP B-31

Edith A. Perez, Edward H. Romond, Vera [. Suman, Jong-Hyeon Jeong, Nancy E. Davidson,
Charles E. Geyer Jr, Silvana Martino, Eleftherios P. Mamounas, Peter A. Kaufman, and Norman Wolmark

39% DILT iR 2 Z Rk LT

DFS
HR 0.52(0.45-0.60)

2015/3/16

0S
HR 0.61(0.50-0.75)

A
==
[
=
o
]
D
>
fivi
Time From Random Assignment {years)
No. at sk
AC—T#H 1982 1,756 1,300 an 495
AC—T 1881 1,852 1132 702 396
B 100 8.7 X 53.0
=1 sa0
a0 861 227
£ e
D
= 40
=
20 —AC—T+H
AC—T
T T f T T
0 1 2 3 4 H
Time From Random Assignment {years)
. at risk
AC—T#H 1881 187 1,420 a76 554
AC~T 1,960 1.8 1318 886 503

ﬁgI{K pl n-M eier astimates of (A) event-fred

cancar;

is meas! ned from the time of study el nmllma t to last contact or death. AC,

nclude local, regional, or distal l
dplmarv ncarsod ath a

doxorubicin and cyclophosphamide; H, trastuzumab; T, paclitaxel.

val and (B} overall survival L
curnence,‘ contralateral breast
sult of any cause. Overall survival
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NABP B31 #&R(Z 2% : 7year follow up)
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VOLUME 30 - NUMBER 31 - NOVEMBER 1 2012

Seven-Year Follow-Up Assessment of Cardiac Function in
NSABP B-31, a Randomized Trial Comparing Doxorubicin
and Cyclophosphamide Followed by Paclitaxel (ACP) With
ACP Plus Trastuzumab As Adjuvant Therapy for Patients
With Node-Positive, Human Epidermal Growth Factor
Receptor 2—Positive Breast Cancer

Edward H. Romond, Jong-Hyeon Jeong, Priya Rastogi, Samdra M. Swain, Charles E. Geyer Jr, Michael 5. Ewer,
Vikas Rathi, Lowis Fehrenbacher, Adam Brufsky, Catherine A. Azar, Pasrick |. Flynn, John L. Zapas,

Tonathan Polikoff, Howard M. Gross, David D. Biges, James N. Atkins, Elizabeth Tan-Chin, Ping Zheng,

Greg Yoihers, Eleftherios P. Mamounas, and Norman Wolmark

IN—TTFBERE (i=944)T4%. J> kO—JL
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Al (prediction)

i3

FB!  (discrimination/classification)

- SHAAZEY Y1: EREH
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NSABP B31 (N=2043)

:

Consent to the study of candidate markers for trastuzumab benefit with
known ER status and number of positive nodes (N=1873)

:

Consent for future studies using archived tumor blocks (N=1734)

Random selection l l

Candidate Discovery Cohort (n=800) Remaining cases (n=934)

M icroarray an alyseS (N-743)\ 57 cases from candidate discovery cohort that did not yield

good RNA amplification product for microarray analyses
added to confirmation cohort

|
FHTES) LIS Y TT_

Confirmation cohort (n:991)\

7
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Affy all 19606 genes

(41000probes)

Whole genome expression analysis
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From previous
knowledge: 250 genes

assay
?? genes
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« SVM (support vector machine)
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Affy all 19606 genes

From previous
knowledge: 250 genes

PATDREE
FRIEDpfE <.05

1w /2 X [0])F

9620 genes
(41000probes)

nCounter
assay
?? genes

Whole genome expression analysis
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Bonetti and Gelber, 2004

Control group ——— Treatment group
0.3
-
©
o 024
-
=
=
N 0.1-
v
i o
00-

10 12 13 14
Gene expression
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From previous
knowledge: 250 genes
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PATDREE |
FRIEDpfE <.05

Agilent all 19620 genes -
(41000probes) =

Whole genome expression analysis
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Y

genesymbol cv_support mean p-value max p-value min p-value
FLOT2 100 0.0025 0.0054 0.0002
UNC119 100 0.0049 0.01 0.0008
TUBB2C 100 0.0051 0.0136 0.0008
XYLT1 100 0.0054 0.0131 0.0016
CA12 100 0.0059 0.0269 0.0007
GATA3 100 0.007 0.0154 0.001
GTF3C2 90 0.0078 0.0509 0.0003
SLC39A14 100 0.0088 0.0223 0.0014,
FTH1 100 0.0145 0.0347 0.0024;
SUPT6H 100 0.0155 0.0385 0.0013
ACVRI1B 100 0.0156 0.0349 0.0041
DKFZP434A 90 0.0166 0.0533 0.005
ILF2 90 0.0188 0.0825 0.0012
DNAJC4 90 0.0194 0.0591 0.0056
ABHD2 100 0.02 0.0477 0.002
ZACN 100 0.0214 0.0476 0.0093
TPBG 90 0.0239 0.0976 0.0041
FAMS84B 100 0.0242 0.0396 0.0034;
SPDEF 90 0.0243 0.0562 0.0042
DAD1 80 0.0277 0.0808 0.0074,
CASC3 80 0.0297 0.1148 0.0039
MY ADM 90 0.03 0.0535 0.0044;
PTTG1 90 0.0316 0.1292 0.0079
UHMK1 80 0.0329 0.0827 0.0059
TMBIM6 60 0.0346 0.0666 0.0059
THOP1 80 0.0348 0.0911 0.006
ANGPTL2 90 0.0364 0.0863 0.0058
ISOC1 80 0.0366 0.139 0.005
TMSB10 90 0.0379 0.086 0.0131
PIK3CA 90 0.0388 0.2252 0.0056
SLC7A2 70 0.0401 0.107 0.0097
ORC6L 60 0.0407 0.1022 0.0088
SPP1 60 0.0408 0.0607 0.0116
CD9 60 0.0411 0.0881 0.0083
PCK2 70 0.0426 0.095 0.009
CEACAM1 70 0.0433 0.097 0.0125]
RPL21 60 0.0437 0.0896 0.0159
C170rf37 70 0.0442 0.1008 0.0084;
KHSRP 70 0.0458 0.1119 0.016
RASSF7 70 0.0462 0.1588 0.0111
RPL34 70 0.0477 0.1475 0.0127
ERBB2 60 0.0485 0.1114 0.0064,
RPL23A 60 0.0489 0.1281 0.0116
NUF2 60 0.0497 0.1363 0.0083

2 A& DFER

are still
~anAiAdA+rA~
Cdliuiudico

~
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05 R —DHhDiER
Significant candidates with 100% CV support

Name of Variable or Cluster

o ESR1777?

ABHD2 -

TPBG

AC\VRIB -

FAVB4B -

KHSRP -

Cl170rf37 -

ERBB2 -

AOR2 -

PCK2 -

1043 0943 0843 0743 0643 0543 0443 0343 0243
2015/3/16 3D

Proportion of Variance Explained




Control group ——— Treatment group

0.3 031 031
5 02- $02{ _/—___ s502{ N\

T 0.1- §o01{ T 0.11
0.0 - | | . 0.0 e ' | 0.0 = |
10 12 13 14 10 12 13 14 10 12 13 14
Gene expression Gene expression Gene expression

Linear ‘ ,
Interaction Non-Linear interaction effect

effect
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Subpopulation Treatment Effect Pattern Plot

(STEPP)

Difference of survival probability

Difference in 8-year recurrence rate

20 40 60 80 100

0
I

-60 -40 -20
\

Supremum p-value = 0 0448

10.46 11.10 11.83 1247 13.02 13.64 1427 1477 153
(n=200) (n=200) (n=200) (N=200) (=200} (n=200N=200)=2005 2005200520 FOSE003 20B200N=20

Subpopulations by median NS-ERBB2
<>
Overlapping=50

2015/3/16

Hazard Ratio

04 0.8 12 18 20 24 28

0.0

Treatment Effect(Hazard Ratio)

10.46

(n=200)

Supremum HR p-value =0
T T T T — T T T T T T 1T 1T 1T T 1
11.10 11.83 1247 13.02 1364 1427 14.96 15.64
(n=200}) (n=200) (n=200)  (N=200{n=20M=200:20706 08 P-D0I0eR0830M=2005115)

Subpopulations by median NS-ERBB2

34
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\neg J— A \g
BiT——F (D17
A= |.AA J VIS
Minimum
Gene Correlation with Interaction
Symbol ERBB2 P Value
ERBB2 1 0.025
GREY 0.912 0.06
C170rf37 0.833 0.0003
KRT? 0.498 0.047
TMEMA5B 0.453 0.29
ORMDL3 0.4438 0.076
Clorfo3 0.427 0.1
SPDEF 0.4 0.013
VEGFA 0.295 0.24
FGFR4 0.347 0.35
Minimum
Gene Correlation with Interaction
Symbol ESR1 P Value
ESR1 1 0.064
TBC1DS9 0.757 0.49
CAl12 0.733 0.0024
IGF1R 0.731 0.042
GATAZ3 0.727 0.0036
THSD4 0.727 0.12
NAT1 0.701 0.075
SLC39A6 0.685 0.21
SCUBE2 0.637 0.47
SIAH2 0.632 0.19

—
y

¢
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2015/3/16 Pogue-Geile et al. 2013. JNCI
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-Principal Component Analysis (PCA)-
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dimensionality reduction) 9 dFE.

peca

] TR ECTT—4
OD78%% % 5B

i L |
i 268

[mL_ ﬁfﬂﬁrmh =



@)
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linical testing and

S€E eNnes

(@]
(@]

From previous
knowledge: 250 genes

w2 X[O))F
DITDRXBAE
FAIEDpfiE <.05

nCounter

assay

Agilent a 462 genes

(41000probes)

9620 genes

Whole genome expression analysis Interaction p, correlation
2

coeff with ER and HER2
genes
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NSABP B31 (N=2043)

!

Consent to the study of candidate markers for trastuzumab benefit with
known ER status and number of positive nodes (N=1873)

!

Consent for future studies using archived tumor blocks (N=1734)

Random selection l

Candidate Discovery Cohort (n=800)

Microarray analyses (N-743)\

155 cases not enough RNA left l

after microarray analyses

nCounter assay (462 genes) (N=588)

!

8 genes selected for predictive model

!

Remaining cases (n=934)

b

57 cases from candidate discovery cohort that did not yield
good RNA amplification product for microarray analyses
added to confirmation cohort

_- *l Confirmation cohort (n=991)

!




TRl - FRHCAWS A

o [OlmDth
FEHRAZ (O]
FrknollE (FRFADIZHDERDTwW D X[EF : SuperPC)

« FIBITHT
— FRIZAEEEH B SEERAZHI B

« SVM (support vector machine)
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1EAEH B 347
(Canonical Discriminant Analysis)

BENOMBZ IR BN KE < BEFREDHEES
ZIRDNKINELFTDKLD (CHA
o 1EAEHIRIBRAZCE D ULNTHIR!

Fi=UptUs XL iU X2, + ..+ U Xpy

i ATH—R—-23>

k &%

pRE
« ZCHhBROEND. RpEiE/INUIZ1E
AEZ0 = (canonical variable) CA¥70 T




There seems to be 3 (Eigen value>1)

ed on €luster

X
X

4 groups bas

2

cued

o1 +2 x 3

[CLUSTER

43
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Three-Dimensional STEPP (TDSTEPP)

ﬂ X1
Ao

Overlapping =100

N=100 | ««-e-.

N2=100 | —

N2=100

= =
N2=100
Overlapping=50
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TDSTEPP (Three Dimensional STEPP)
o | for B31 trial data |
(EIRENTSEILCTFOREIR=E(CKDEBENR T HIFER)

N=588
-
@
o 0.60
3 Median-0.12
P

Q1-0.55

a0 | o0

w osl 10

-06 Median 0.6
-0.12
% AP

Red group 1; HR>1.0
Brown group 2; I<HR<1.5
Green group 3; HR<0.5

2015/3/16
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TRIl/FIBIES I EBEGE

% BI/H Bl 75

0.60
Medlan-0.12

1JE\/alidation D@

Data o
\"’:“/ Red group 1; /
HR>1.0 (#2F, PC1=0.2,PC2=0.8 )

Brown group 2;

1<HR<1.5 l
Green group 3;

HR03 GROUP=??

ATy
N

Training
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NSABP B31 (N=2043)

!

Consent to the study of candidate markers for trastuzumab benefit with
known ER status and number of positive nodes (N=1873)

!

Consent for future studies using archived tumor blocks (N=1734)

Random selection l l

Candidate Discovery Cohort (n=800) Remaining cases (n=934)
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