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GenesWell™ BCT is a 12-gene test suggesting the prognostic risk score (BCT Score) for distant
metastasis within the first 10 years in early breast cancer patients with hormone receptor—positive,
HER2-negative, and pNO~1 tumors. In this study, we validated the analytical performance of
GenesWell™ BCT. Gene expression values were measured by a one-step, real-time qPCR, using
RNA extracted from FFPE specimens of early breast cancer patients. Limit of Blank, Limit of
Detection, and dynamic range for each of the 12 genes were assessed by serially diluted RNA
pools. The analytical precision and specificity were evaluated by three different RNA samples
representing low risk group, high risk group, and near—cutoff group in accordance with their BCT
Scores. GenesWell™ BCT could detect gene expression of each of the 12 genes from less than 1
ng/ulL of RNA. Repeatability and reproducibility across multiple testing sites resulted in 100% and
98.3% consistencies of risk classification, respectively. Moreover, it was confirmed that the
potential interference substances does not affect the risk classification of the test. The findings

demonstrate that GenesWell™

for risk classification.
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BCT have high analytical performance with over 95% consistency
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receptor 2, HER2) 243, HZd Ho] A9 27] fe &
= 20029 9] 735 A frHEe 2hke] 58.2%91 4 2012\ o=
73%E WL 2152 0 82 Z7F A4S Bolat oloh2,3]. 271
FYeE EhAte] iR B 7] Ao] f18o] ol gelstela
ol L ashA| ghZoll = ok, 7]E FHeh M A Zhol =t
Qlom=geraRo] I Qg ghate] Aot vl of Y] of
Chr 0] SAP7L e Fof| ot BRe 8 Mk WA A 55 A
HE QITH4]. T1efu X BRI 7] H ol E 24 7]e
of o] mh=A| ey of whet 2hate] x| & Ao] glof 71l
o5 o3t o g of Hto] 7RskA H ik ofof whek fer
A gm0l Qloj A e el SkAte] of 9] tel Y HE Foto] 2
AFe] ofskkela v X5 Aol o] 88 4= Q= o2 { 4R A
AP Eo] 7 E] o] A=l glow, Tlof Tt Q1A -84
3 X&A 0= =L AUTH4-6]. o]9t HlEo] = =y F
ot oF YIE ¢]A(National Comprehensive Cancer Network,
NCCN)9| ¢k A& o] =efelofl A= A 57t B ash
ER 9}/39] 27] kel 8212 1 s)y] $]8, Oncotype DX
Breast Cancer Assay (Genomic Health, Redwood City, CA,
USA)S-9 314 AARAS HAstaL L7, 8l.

GenesWell™ Breast Cancer Test (Gencurix, Seoul,
Korea; GenesWell™ BCT)= % 22 2=8-4|(hormone receptor,
HR) &/, HER2 54 B 924 Ho| 54 = H2 4 Hol 3
7} ©]SHpNO E= pNDI 271 G $hAke] 109 o B 4
7] Aol fde]l tdt 25 d&she FHAF HARgolth
GenesWell™ BCT: z7] Siel $x1¢] mlelw o)
(formalin-fixed paraffin embedded, FFPE) AX| 25 3%
oF total RNAOIA F¢F ofl$ef Aol Sl= o7 At
(UBE2C, TOP2A, RRM2, FOXM1, MKI67, BIN3A2), 3719
F T2 A [ ESR ], PGR, ERBB2) 9 3719] 3%
SRR CTBPL, CULL, UBQINDE E33t 3 127 5-4A1<]
AR AAIE QA S8 34 A4 §HS(quantitative
reverse transcription polymerase chain reaction, RT-gPCR)
7IHEo & 24Tt 1 & o5 WS 12 FHeh o % 4
Z A are]5of )8l Breast Cancer Test Score (BCT Score)
S AkEstal, AREE Scoreol| wEl EA39] o35 A ETE
(low risk) T 11913 high risk) © & A A 8}= HARHol T},

GenesWell ™ BCTE 414 A% Y A A5 Aol ¢
T EGlom, o] 7|0t & Tt AR o oFEe P A (A ok =
TH 35w AHE 2w7]7] 24 37HAI816-8002)5
k). GenesWell " BCT] 944 A58 Sa1e|& Akt
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T892}, A 9187-9] 109 W T4 A -] EE297.15%
(95% CI, 94.43~99.94%)°1%.01, 1191 A+2] 109 W 7+
ZAo] EE-L60.30% (95% CI, 42.90 ~84.70%)= 1 HT
1ol 2 36.85%2] Ao} Share ERIBIATH p-value=1.74E-10,
log-rank test). ToF &112]& ASH(validation set)oll A%
A 918e] 109 Ui Aol AEES 96.19% (95% CI,
92.79~99.70%)°131 0.1, 1118-9] 10 W T4 4o 48
E8273.66% (95% CI, 59.26 ~91.57%) = & 7+ 22.53%
Z}o]7} Qe p-value=6.23E-06, log-rank test). o] 2]et 2
M= GenesWell ™ BCT AAE 58] 19970 HRd 3t
A AYHT o ERE ST 8 FER fA el
PS4 ol Gfuoh, =2 P I FES K
QAT SRR - 7RI A 5 A (P8 Y 5 1l
Sfjof T AJAITRAL o 4= QITHIL

2 3= Minimum Information for Publication of
Quantitative Real-Time PCR Experiment (MIQE) [10] 9!
Clinical and Laboratory Standards Institute (CLSD) 7Fo]| =2k
o1& 7|Hko & Z20E GenesWell ™ BCTO] 414 A% Al
of Wt AL AN E | 0] = E}o] GenesWell™ BCT HAMH 2]

—

o]

rr

1. 0= 0% ¥12|ES S8 BCT Score A&

BCT Score:= GenesWell ™ BCTel A 24 = 67} o< 94
2F] Cp 44 3709) 5 FAte] Bt Cp #hos w3t
(normalization)3t 67112] ACp gkt 2+ EA} 11-5-9] YA AR
(FF 27 L pNAEH)E ol F oflZ darejgel digdsto] 4=
819t} BCT Score W91 0.000714] 10.007FA o], Q1 A|X]
(cutoff) 4.00% 7122 4,001k A AL O, 4.00014
2 IO R BFelt,

BCT Score= 35 A @ = A0 2 B-57514]
ot Bop A uet 544 Al A 1ol Aol A=
4.00& 7105, I9AT W91 10%, A8 Hle] 10%
£ 7Hsto] 3.60014 4.6001612] IAIA] - (near cutoff)
& 7= AAsto] A|HsALt. oof B AT 3 3719 KAl
AT, AT, FAA FHD thote] AlPE|9)om, 7+
ool thet W8 A =5 Felekirt.

T3t BCT Score Aol SE3FE] %] okt 27] GHlkoF B
off ARGEl= e TR I AR ESRI, PGR 71231
ERBB2°| 24of| th3t A58 23} ¥ ACp gholl st HEA)




Z=(coefficient of variation, CV%)& &-<¢13}3ict.

2. 4A|

Z7] et EEAk] FFPE A= A4 A& Yol Al 713
a2 Al 019U 3] (Institutional Review Board, IRB) 4¢1&
AX $H8FATHSMC 2011-07-116-001). Z+ FFPE A=
10 pm 712 dH 0 2 HA|sto] Aol ARG8Tt =4 H
7¥7+o] FFPE A= GenesWell™ BCT= A3l BCT
Score7HAREE| AL, A9 FAof whet 171 o Ake] A1 S ARS-
S}o] FFPE B4= 32 H RNAE 2% (pooling)ste] AlH 89Tt
(Table 1).

3. HH| % A%}

1) Total RNA =&

FFPE #A4| A 9] & gheb R E total RNA 5% % Dnase
[ A 2742 8] 242 A Apao) 225 0 2, Al 2A] vl o
w2} Tissue Preparation System (Siemens Healthcare Diag-
nostics, Munich, Germany)2} VERSANT Tissue Preparation
Reagents Kit (Siemens Healthcare Diagnostics, Munich,
Germany)E ARg-6te] o] Fof %tk 2 FFPE A4 A Hg
2% 100 uLe] total RNAE ARE-8H7] Z7H4] 48} 80°CellA]
HAsRGI,

2) QEXCp o EH

FFPE AA4|2] 1270 -5-74212] Cp 42 QuantiFast Multiplex

Table 1. Characteristics of patients

Category Variable No. of patients %
Tumor size (cm) <2 9 47 .4
2~5 8 421
>5 2 10.5
pN 0 14 73.7
1 3 15.8
>1 2 10.5
ER Positive 19 100.0
Negative 0 0.0
PR Positive 16 84.2
Negative 3 15.8
HER2 Positive 0 0.0
Negative 19 100.0
Histological grade 1 2 10.5
2 13 68.4
3 4 21.1
Nuclear grade 1 1 53
2 15 78.9
3 3 15.8
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RT-PCR +R Kit (Qiagen, Hilden, Germany)S AMg-3}o]
RT-gPCR 7]¥.2.& Z43s}3lc}. Microlab STAR™" (Hamilton
Robotics, Grisons, Switzerland)& AR&-sto] 127 G-A#}2)
primer % probe”} 7} wellof #52%]0] $i= 384 well plate]
FFPE Ao A 5223t total RNASF A7) AJ9FS 81Tt
1 %, LightCycler480 II (Roche Diagnostics, Basel,
Switzerland)] w7+ dol| whet ZF f-44k9] Cp g2 578313l
o}, AL BEE-2 50°Cof|A] 2087t BES- A17H 2™, PCRS
95°Cof| A} 54 HEE- 2 95°CollA 152, 60°CoflA] 3022] 7]
£ 453] vHE S=gstolet.

GenesWell™ BCT¢] ¢4t %X positive control, PC)S.
2= 12709 fAA7} 28 plasmid = 5F-E] 443 in vitro
transcribed RNAS ARSI, 24 gl no template
control, NTC)© &= RNase free waters AM-61%

4, F7HeY
1) 22t 3H|(limit of blank, LoB), Z4Z% 3t(limit of detection,
LoD), % & H<l(dynamic range) &
ZF AR St S, oA TR o= 4283t 303 B
AlFol A &78% Bt Cp 4L H 3E HAFE ARE-Sto], of2fj<
S wheh AAstieH 1.
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2) 24 F2=(precision) E7}

AN AUE = 3709 24 AL HE, A HE, AAA =
ol S gSl= FFPE AAIE 54 AlHsto], ZF 2] A of| A]
F23%F RNAE pooling?t 370] RNA pool2 A& sF3iTt.

www.kjcls.org



82 Jee-Eun Kim, et al. Analytical Validation of Geneswell™ BCT

Table 2. LoB, LoD and dynamic range of the 12 genes included in GeneswWell™ BCT

Gene LoB [Cp value] LoD [Cp value] LoD [ng/uL] Dynamic range [Cp value]
UBE2C 38.50 34.79 (34.07~35.51) 0.08 28.57~34.79
TOP2A 38.42 35.79 (35.19~36.40) 0.31 29.61~35.79
RRM?2 41.00 31.88 (30.79~32.98) 0.08 27.37~31.88
FOXM1 38.61 32.46 (32.06~32.85) 0.16 27.7~34.46
MKI167 41.00 34.07 (33.50~34.63) 0.08 27.35~34.07
BTN3A2 41.00 32.48 (32.08~32.88) 0.08 26.24~32.48
ESR1 39.85 36.10 (34.80~37.39) 0.08 30.44~36.10
PGR 41.00 30.46 (29.80~31.12) 0.31 26.18~30.46
ERBB2 38.83 34.23 (33.52~34.93) 0.04 26.92~34.23
CTBP1 34.76 32.07 (31.70~32.43) 0.63 28.28~32.07
cuL1 38.60 33.95 (33.43~34.46) 0.31 29.59~33.95
UBQLN1 41.00 36.71 (35.19~38.24) 0.04 28.73~36.71

95% confidence intervals of Cp values at LoD are indicated in brackets.
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Figure 1. Cp values of each of 12 genes in GenesWellTM BCT were linear up against to log2 (total RNA conc.,ng/mL).
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RNA pool&- o-§-5to] 17 9] AldA7F AR ] 29k o =
204 5UFRE Al B o H, A A2 RNA pool 23
o] A3 Alof| Ehljsto] ZF AlA A E R 170 AR} 22 27
O] A% lotg- o]-&3to] AJY U 24HE 0 & 59 ot efgict
[14]. 127} 2} fAAke] ACp e A1 o 24l efjst 53t
Cp 7+ 3702 2 94A2] Wt Cp FHO. 2 HF3letg on,
CV%ri= HHEE Aol 41 9] B3t ACp gk 3 352 AAE o83}
of ofeje} L2 ATALE Bl ARESolT

CV%=(4Cp2] £=HA/ B+ 4Cp)*x 100

T, ZF o]l Hidt B A= W%(%)E wgetAe
, AT/ Aol A AlATREBCT Scoreoﬂ 1’41 FE A=

=

3) & E0|Z(analytical specificity) B7}
A% S0l A1, A% % 1] 7F5 Ao

FFPE AA 9 18wt B ofl Y= nA=A19 of 75 =elst
Atk 371e] ZF HALHHT, AN, dAA T 3

PSPS|

=
[ N |
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2ol 4= oA,

RT-gPCR 7]¥Fo.2

=1]
ES

gF=o] & GenesWell ™ BCT2] 1271 &
At gt A HIg S SRRISkSIT). 1270 f-Ake] Bt
SHA Cpgh2 A} 41.00, 4 34.76. 2.2 CTBP1oIA AL &
2 FAE UERH o0, g7t $HA| n]uke] Cp 243 BHE A9 &
95% oY AZEE= LoDE ZF Rt H= 2RIgh Ay, X4
0.04 ng/uLolA Zti 0.63 ng/uLo 2 ZA = A tHTable 2). =

oF, ZF 5 24k] Cpgtoll thet 4 91i= LoD oo A A4
Aol ek R*gto] 0.9 oAl 77+ A3tk Table2,
Figure 1).

Il

1.

Okl

&3¢9l

2. 2= HIt

GenesWell™ BCT2] AUz o 7]%01]/‘% AA|BH= HE

AT} TR0 7)ol A AAJSR= A AA 02 JESte] 50
rH14). AT X3S 93] /\}% 7k 5 E‘é BCT Score= 7t

7324 (A1ED), 4.19 (FAA =+

%= FFPE AAof CLSI EPO7-A2 [15]0f|A] EAsk= EA A ik,
(hemoglobin: 2 mg/mL, 4 mg/mL), % qX]‘ﬂ*(tnglycendes HHEAY A2 o Al A ol A Al f 2 BHE O & B} 2
37 mM, 74 mM), “12]37 wkebsl A (paraffin section: 1 e’ H 59 Fol 3ot vHE AJ3S Bof 245 127 2464
2.25cm)& 471t ¥ total RNAZ &3t 3, ZF 2400 3= 212 ACp ke CV%= 2 4 B 5% 1|ko] 1(Table 3), 2
<3t total RNAE AIE W 3RHE O 2 -fste] T &4e 3 o Y YA &2 100% Y2 2RI 4= A HFigure 2).
7FobA] oFe T AR N 2 2ol SRR SRR BAS AN AR 2 30 AR AR o 18] Aabe]
Table 3. Analytical precision for detecting expression of 12 genes
Coefficient of variation (%)
Gene Low risk Near cutoff High risk
Repeatability Reproducibility Repeatability Reproducibility Repeatability Reproducibility

UBE2C 0.80 0.73 1.31 0.78 1.34 0.92

TOP2A 2.40 1.58 1.39 1.43 1.25 0.95

RRM2 1.73 1.11 1.63 1.09 1.48 1.10

FOXM1 1.39 1.18 1.71 1.03 1.33 1.26

MKI67 0.95 1.03 0.99 0.98 0.86 1.27

BTN3A2 0.90 0.80 0.96 0.85 1.15 0.93

ESR1 1.67 0.93 1.95 1.00 1.40 1.83

PGR 0.75 0.68 1.44 0.84 1.14 0.80

ERBB2 1.26 1.00 0.88 0.54 1.09 0.81

CTBP1 0.96 0.45 1.15 0.71 0.99 0.72

cuLt 1.58 0.90 1.64 0.92 1.70 1.50

UBQLN1 1.33 0.87 2.21 0.97 2.63 1.34

Total CV% for 4Cp values of 12 genes were calculated from mean Cp values with standard deviations obtained by ANOVA test
[CV%=(Standard deviation of 4Cp values/Mean 4Cp values)x100].
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Figure 2. Repeatability of BCT Scores
was confirmed using three different
- Low risk group RNA samples (Low Risk,Near

Day 1Day 2Day 3Day 4Day 5 Day 1Day 2Day 3Day 4Day 5 Day 1Day 2Day 3Day 4Day 5

P Near . s
% Low risk Cutoff | High Risk
. i 3 T
1 I 5]
~ : : =
2 | g
2 5 : ‘
o iyl e
[ | i
5 o5 £z
S 4 | : S
w g 4‘ _________________ =
G @ _
0 3 : | 2
i 1 O Llotl1 =
| i O lot2 =
2 L L
2 3 4 5 6 7
BCT Scores at Site 1

BCT Scores by Lot 2

Cutoff, High Risk) for 5 different
working days. Each dot indicates
individual BCT Score.

% Near . .
Low risk Cutoff | High Risk
i 1 -
i ; @
I I =
i l =
----------- R~ N
: : 2z
0@ g &
1 : -
i ; e
1 1 E
i : O Sitel =
} : O site2 =
2 3 4 5 6 7
BCT Scores by Lot 1

Figure 3. Reproducibility of BCT Scores was validated using three different group RNA samples (Low Risk, Near Cutoff, High Risk) with
2 manufacturing lots at 2 independent testing sites for 5 different working days.

A 270 lot& ARs}0] A8 1] 24k o 2 591 et

o?é
ot

151
143 ZF o] Y A A1 100%, SA T
95%, LA 100%= 21 $ck(Figure 3). A FH
O] 7%, 20%] ¥HE- 5 13]19] A|ZelA] BCT Score7} 3.40%1
Lo & W= O] 95% PAE&S Holrh AHAd Al
8l A= BCT Score®] Hatgkoll st E4F J=(degree of
variation) g 2R1s}7] $J5te] 33 HARS At A}, A9 8
T+ 0.12, UAX FHEIE 0.17, 19T 0.202.F HA| BCT
Score®] H£1(0.00~10.00)0l14] 2% W H-s(noise)= E =
SRISFTHTable 4). T3 AT A= Foll S8€ 2 74
Aol ACp 319] CVo=, BHEAd Al g ol Ao} mP7 kA & B
5% u|qto] $tHTable 3).

o

of 2 Fl MU

3. 244 E0|= GIt

GenesWell™ BCT9] 542 Eo| 52 sols}7| 93] 7+ 7+
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A =84S 3709 2ol did == 2 17119] FFPE A of <3t
- total RNAE F25510] 39] WHE: A1 3}qirt. ZF A 9] BCT
ScoreZ Akzdto] t27-2] BCT Score (A1 918+, 3.28; 94
A R, 3.73; AL, 6.15)¢)F Bl skt 21 Ay, 7H]
B20] 24 oj5io} Agle] 7} ol thet g st
(Figure 4). 12 53 £ A1 olA] ALg-l 714 242 hemo-
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Table 4. Variance of BCT Scores for three group samples in reproducibility study

Standard deviation

Sample Mean BCT Score Variance components )
Totalvariance
Day Site Lot
Low risk 297 0.118 0.004 <0.001 0.117
Near cutoff 4.03 0.150 0.056 0.052 0.165
High risk 5.07 0.216 0.019 0.005 0.197
Analysis: R 3.3.1, Package: ANOVA Test.
Hemoglobin Triglyceride Paraffin Section
7 Lowrisk | Near Cutoff | High Risk Lowrisk | Near Cutoff | High Risk Lowrisk | Near Cutoff | High Risk
g e®e Ay a [ HiEnRisK
o 1 | | mmg | el
g ° : ! : : : :
A [ ittt el ey i e | [ e s s 9
G a4 i i ; ; : | I Near Cutoff
@ . le®e® i | RN LR S W—— LAAA -
3000 | n=o. | aAB A 1
‘ ' ! ! ! ! I Low risk
2 i i i | ' i
SEE SEE SEE £%% 8Tz 2%TZ BEE BEET fEE
Ewn e ) e c c c:; c:; c:;
See Jeeg Jee JHR gmRX SR §"w 8§78 87w
~N o o~ < ~N o~ ~ o~

Figure 4. Analytical specificity of BCT Scores was validated using three individual FFPE specimens which represent each of three risk
classification group in the conditions of with or without interference substances (hemoglobin, triglycerides, and paraffin section). Each

dot indicates individual BCT Score.
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