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Clinical significance of ABCG2/BCRP quantified by fluorescence nanoparticle in
breast cancer patients undergoing neoadjuvant chemotherapy
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We aimed to evaluate the correlation between BCRP expression and prognosis

in breast cancer tissue samples using immunohistochemistry with fluorescent phosphor-integrated dots
(IHC-PIDs). A total of 37 breast cancer patients with residual cancer in the primary tumor and
axillary lymph node were evaluated. BCRP levels in breast cancer tissue (PT) and metastatic lymph
nodes (LN) were quantitatively detected after preoperative chemotherapy (NAC) and core needle biopsy
(CNB). Biomarker assay with IHC-PIDs showed high accuracy for quantitative assessment of BCRP with
low expression. High BCRP expression in Primary tumor and lymphnode after NAC was associated with
worse overall survival (log-rank, p=0.0089). In conclusion, high BCRP levels are associated with
poor prognosis in breast cancer patients with residual tumor in the primary tumor and lymph node
after preoperative chemotherapy. These findings provide a basis for further appropriate adjuvant

therapy in these patients.
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(Median: 54 (31-76)) =50 22 59.5
T n (%) n (%)
pTNM Stage | 0 0.0 Characteristics No Recurrence Recurrence _ p Value Sunvival Death p Value
Stage l 22 59.5 (n=16) (n=21) (n=22) (n=15)
Stage Il s ki Age <50 6(162 ) 9(243) o742 10( 270 ) 5(185) 0461
Stage IV 0 040 =50 10 (270 ) 12 ( 324 ) 12( 324 ) 10 (270 )
Namberot 1-3 (pN1) 17 459 Histological grade Grade 12 14( 378 ) 16 (482 ) 0384 20 ( 54.1) 10 (270 ) 0065
metastatic Lymphnode 4-9 (PN2) 13 351 (Primary tumor) Grade 3 2( 54) 5( 185 ) 2( 54) 5(135)
=10 (pN3) 7 189 Ki-67 <20 14 (378 ) 14(378) 0143 20 ( 541 ) 8(216) 0009
Ki67 LI (%) <20 28 75.7 (Primary tumor) =20 2( 54) 7(189) 2( 54) 7(189)
220 9 243 No.of LN metastasis <4 9(243 ) 8(216) 0272 12( 324 ) 5(135) 0204
Histological Grade 1 4 108 =4 7(189) 13 ( 351 ) 10 ( 270 ) 10 ( 270 )
(Primary tumor) 2 20 541 pStage 2 8(216) 7(189) 0306 10 ( 270 ) 5(135) 0461
3 4 10.8 3 8(216) 14( 378 ) 12( 324 ) 10 (270 )
Subtype Luminal A 19 51.4 Pathological response  1a 9(243 ) 8(216) 0417 10( 27.0 ) 7(189 ) 0756
(Primary tumor) Luminal B - HER2- 1" 29.7 1b 5(135 ) 7(189) 8( 216 ) 4(108 )
Luminal B - HER2+ 5 135 2 2( 54) 6( 162 ) 4( 108 ) 4(108)
HER2 0 0.0 CNB BCRP low 7(189 ) 7(189) 0445 10 ( 270 ) 4( 108 ) 0430
Triple negative 2 5.4 BCRP high 5(135) 9( 243) 8( 216 ) 6(162)
Regimen Anthracyclin 5 135 Primary tumor BCRP low 9(243 ) 9(243) 0419 12( 324 ) 6( 162 ) 0385
Anthracyclin + Taxan 27 73.0 BCRP high 7(189 ) 12 ( 324 ) 10( 270 ) 9(243)
Anthracyclin + Taxan + Trastuzumab 5 135 Lymph node metastasis BCRP low 7(189) 11(297) 08603 1( 297) 7(189) 0842
Pathological response 0 0 0.0 BCRP high 9(243 ) 10 ( 27.0 ) 1 ( 297 ) 8(216)
1a 17 45.9 Primary tumor + BCRP low 8(216) 10( 270 ) 0886 13 ( 351 ) 5(135) 0.124
1b 12 324 Lymph node metastasis BCRP high 8 (216 ) 11( 297 ) 9( 243 ) 10 ( 270 )
2 8 216
3 0 0.0

1 Stage distribution is based on TNM classification of malignant tumors seventh edition
by the International Union Against Cancer (UICC)
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n BCRP-PID score (mean + S.E.) 95%Cl p-value
CNB No recurrence 12 143 =+ 1.2 119 - 16.6 0.30
Recurrence 16 159 =+ 1.0 13.8 - 17.9
PT No recurrence 16 187 + 1.8 1.8 - 101 0.61
Recurrence 21 149 =+ 15 1.5 - 11.8
LN No recurrence 16 103 =+ 1.2 7.8 — 128 0.61
Recurrence 21 111 = 141 9.0 - 133
PT+LN No recurrence 16 24.0 2.0 19.9 - 2841 0.45
Recurrence 21 26.0 1.8 225 - 29.6
CNB Survival 18 142 =+ 09 123 - 16.0 0.07
Death 10 170 = 1.2 145 - 19.5
PT Survival 22 134 =+ 15 10.4 - 16.5 0.32
Death 15 158 =+ 1.8 121 - 194
LN Survival 22 103 =+ 1.0 82 - 124 0.45
Death 15 115 =+ 1.2 9.0 — 14.1
PT+LN Survival 22 237 = 1.7 20.3 - 27.1 0.19
Death 15 273 + 21 231 - 315
s = =
x4 HELE LESHEN
Univariate Multivariate
Hazard ratio 95% ClI p value Hazard ratio 95% ClI p value
Histological grade(PT)
3/1-2 2.90 0.98-8.54 0.05 2.20 0.51-7.25 0.19
Ki67 (PT)
220/<20 5.19 1.82-14.80 0.002 3.21 0.93-11.01 0.06
Lymph node metastasis
pN2&pN3/pN1 1.74 0.59-5.14 0.32
pStage
3/2 1.74 0.58-5.22 0.32
Pathological response
12 0.70 0.22-2.22 0.55
BCRP (PT+LN, by cutoff)
High/low 3.78 1.32-10.80 0.03 2.67 0.81-8.79 0.11

1 BCRP# &

Fluorescent IHC  Hematoxylin

BCRP-PID score
5.4

BCRP-PID score
19

BCRP-PID score
36.4




2 BCRP# IR & TRt 5k D TR IEBF AR

Primary tumor

Lymph node

Primary tumor

+ lymph node

Pathological response

Pathological response

Pathological response

Pathological response

Grade 1a

Grade 1b

Grade 2

Grade 1a

pvalue Grade1b__ Grade 2 pvalue Gradela  Gradelb  Grade?2 pvalue Gradela  Gradelb  Grade2 pvalue
Low BCRP 10 3 1 0.057 5 6 7 0.025 8 5 5 0649 6 6 6 0179
High BCRP 4 5 5 12 6 1 g 7 3 11 6 2
Pathological  (a)
response %

Grac 1a T Grade o

e:mr Ta Grade 1o

|

Gracez

3 BCRP%@%&,ME%EY_ HFEﬁ /\ET_ HARE]

(b c] (d)
a0 o Low BCRP « 107 = Low BCRP o - LowBCRP
_ Hignscen — tighBeeR — ghscer
08+ p=0.38 - o8- p=0.59 o8 p=0.87
£ i i H
z % ual
HE £ o Zos g os
& ! & E
% 04| § .4 % 04-| g 04-
& 4 &
02 0z 024 02
- - - 0t ey - y
0 0 200 w0 400 00 600 0 0 20 S0 som 500 s00 0 w0 200 W00 400 5000 6000 0 w0 00 00 400 5000 6000
oaye Days oays Days
@ (b) (@
107 v Low BCRP T - Low BCRP
— HEhBCPR — HighecrR
os p=0.36 o8- p=0.97
Tos : 2os
B g H
o4 04 £ oa
& & é
02 0z 02 02
T r T ) T T T r , T T r r \
100 000 w0 o0 0 600 7000 100 00 00 400 00 600 7000 100 200D a0 400 SO0 600D 00 0 1000 2000 300 40 S000 6000 7000

Days

Days

A FHME

1.00

0.90

| AUC: 0.636

0.80

0.70

0.60

0.50

Sensitivity

0.40

0.30

0.20

0.10

1-Sensitivity

2 X1

BCRP#IR & FeRimEEHY

0 1
0 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

4 NACERFRFER+IE

Cut-off value: 27.4

Low BCRP

— High BCPR

p=0.0089
K]
Z
2
5
2
g
2
o

0.2
0 T T T T T T 1
0 1000 2000 3000 4000 5000 6000 7000
Days

.?.

BCRP PID score (CNB)

BCRP PID score (PT)

BCRP PID score (LN)

Low High p value Low High p value Low High p value
Age, years <50 9 4 0.06 5 10 0.12 4 11 0.03
>=50 5 10 13 9 14 8
Histological grade (PT) 1 2 2 0.54 2 2 0.48 2 2 0.94
2 11 9 14 12 13 13
3 1 3 2 5 3 4
Number of 1-3 (pN1) 8 6 047 6 11 0.24 9 8 0.19
metastatic lympn nodes  4-8 (pN2) 3 6 7 6 4 9
>=10 (pN3) 3 2 5 2 5 2
pStage 2a 7 2 0.23 5 5 0.64 3 7 0.39
2b 1 2 i 4 4 1
3a 2 5 6 4 4 6
3b 1 3 2 3 3 2
3c 3 2 4 3 4 3




Guo Tada Kitamura Hamada Miyashita Harada-Shoji Sato Hamanaka Tsuboi Harada Takano- 11
Kasuya Okada Nakano Ohuchi Hayashi Ishida Gonda

Automated Quantification of Extranuclear ERa using Phosphor-integrated Dots for Predicting 2019
Endocrine Therapy Resistance in HR+/HER2 Breast Cancer

Cancers 526 526

DOI
10.3390/cancers11040526

28

2020

Hiroshi Tada

Cancer gene panel test for metastatic breast cancer: Current status and future perspectives

JSM02021
2021
, Guo Zhaorong, , ’
PID (Phospher integrated dot)
17

2019




""Nano-IHC"

118

2018

"Nano-1HC" validation study

117

2017

Hiroshi Tada

New quantitative diagnostic method by fluorescence nanoparticle for HER2 positive breast cancer treated with neoadjuvant
lapatinib and trastuzumab: The Neo-LaTH study (JBCRG-16TR)

2018 San Antonio Breast Cancer Symposium

2018

Clinical significance of ABCG2/BCRP quantified by fluorescence nanoparticle in breast cancer patients
undergoing neoadjuvant chemotherapy. Hiroshi Tadal, Kosuke Gonda2, Narufumi Kitamura2, Takanori Ishidal. 1 Division of Breast and Endocrine
Surgical Oncology, Tohoku University Graduate School of Medicine, Sendai, Miyagi, Japan, 2 Department of Medical Physics, Tohoku University
Graduate School of Medicine, Sendai, Miyagi, Japan.




(Ishida Takanori)

(00292318) (11301)
(Kitamura Narufumi)

(50624912) (11301)
(Miyashita Minoru)

(60710788) (11301)
(Gonda Kosuke)

(80375435) (11301)




