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Pt with Lt hip joint pain
• F/52

• CC; Lt. hip joint pain 
(onset; 10 MA)

• Sx started after slipping 
down at mountain

• Tx at Oriental medicine 
clinic for 7 M

• Imp) malignant bone 
tumor in Lt. pelvis

• Bone Bx

– Metastatic cancer

ER/PR/HER2

(-/-/3+) 

ER/PR/HER2

(3+/3+/3+) 

Courtesy of Dr. KimHA
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Tumor heterogeneity

Burrell et al, Nature, 2013
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Precision medicine
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Iressa story

Lung ca Pt visited the Minister 

of Health to ask the 

reimbursement of Iressa.
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Precision medicine

EGFR+

EGFR-
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Breast cancer Pt with Abd LN 
during F/U

• F/48
• CC; Rt. Breast thickness  (onset; 1 MA)
• 2014-7 Rt. NASSM+SLNB 

– T2N1M0
– ER(-)/PR(-)/HER2(3+)/Ki-67(60%)

• 2014-8 ~ 2015-11 AC-TH, herceptin 1yr
• 2017-1 Rt. Axillary LN mass
• 2017-2 RTx: Rt. axilla + CTx
• 2017-6 Nipple areolar wide excision

– ER(-)/PR(-)/HER2(3+)/Ki-67(10%)

• 2018-1 Rt. Pleural effusion, Abd LN
– Pleural effusion – malignant cell (-)

• Hx of NTM
• Metastases vs. NTM infection
• Laparoscopic Bx?

Courtesy of Dr. KimHA
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Advantage of Imaging biomarker

Non-invasiveness

Global assessment

Target assessment

Drug accessibility

Gebhart et al, Ann Oncol, 2016
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• Epidermal growth factor receptor 

family

• Cell membrane surface-bound 

receptor tyrosine kinase

• 15-20 percent of breast cancers -

her2/neu overexpression

– Increased disease recurrence and 

worse prognosis

• Incorrect result from IHC and FISH –

20%

• In vivo evaluation of HER2 

expression

– Metastasis, Hard to Bx

– Change after Tx

Human Epidermal growth factor Receptor 2 (HER2) 

Olayiove et al, Breast cancer research,2001
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Trastuzumab
reimbursement in Korea

• HER2 test mandatory before Tx
• Metastatic breast cancer

– Single Tx to previous chemotherapy Pt
– Paclitaxel or Docetaxel combined therapy without 

previous chemotherapy
– Aromatase inhibitor combined therapy to HR+ post 

menopausal Pt without trastuzumab Hx

• Early breast cancer
– After chemotherapy (or RT)
– Paclitaxel or Docetaxel combined therapy after adjuvant 

chemotherapy

• Metastatic stomach cancer
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Discordance of primary and 
metastatic tumor

Niikura et al, JCO, 2012

• N=182, HER2+  primary tumor

• 43 Pt (24%) HER2 – metastatic tumor

• Need for Bx of metastasis

• Px

• Targeted therapy 
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• N=151

• 15 Pt (10%) HER2 change

– 7/108 HER2- to HER2+

– 8/43 HER2+ to HER2-

• HER2 stable

– 101 HER2-

– 35 HER2+
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諸行無常 Everything is changing

사랑은 움직이는 거야
Love is moving
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Tamura et al, JNM,2013
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PET imaging and analysis
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Mortimer et al, JNM,2014
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PET imaging



KIRAMS
Korea Institute of Radiological and Medical Sciences

PET imaging of breast cancer 
using a 64Cu-DOTA-Trastuzumab

for pharmacokinetics study: 
Microdose PET clinical trial

Korea Cancer Center Hospital 

Korea Institute of Radiological and Medical 

Sciences (KIRAMS), Seoul, Korea
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Cu-64 DOTA Trastuzumab

HER2+

Tumor
HER2-

Tumor
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Study protocol

Screeni
ng

Bx proven 
Breast cancer

Pathologic 
assessment

Clinical 
Response

Tx

FDG 
PET/CT

Study
Enrollment    

Cu-64 
DOTA 
Trastuzu
mab PET

Cu-64 
DOTA 
Trastuzu
mab PET

Cu-64 DOTA 
Trastuzumab
10 mCi iv

24h 48h

Trastuzumab injection
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KFDA approval2016-6-30 KFDA submission
2017-7-6 KFDA approval
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Case1

F/45

# r/o bilateral breast cancer, c lung mets, cT4N2M1 

- ER(+)/PR(+)/HER2(3+)/Ki-67(70%) (2017.04.24)

- s/p #8 herceptin, #5 perzeta ~2017.10

# [PD] Lt. breast on P/E

- s/p #6 FEC ~2018.02

- serum HER2 52.1 (2018.03.07)
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FDG PET/CT 2018.03.20
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FDG PET/CT 2018.03.20



KIRAMS
Korea Institute of Radiological and Medical Sciences

64Cu-DOTA-Trastuzumab PET/CT
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48hour

24hour

SUVmax 14.4

SUVmax 10.8

64Cu-DOTA
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48hour

24hour

SUVmax 5.0

SUVmax 2.9

64Cu-DOTA
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Case2 

F/48 

Metastatic breast cancer: bone&liver

ER+/PR+/HER2 1+ Ki67 3%
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18FDG PET/CT

64Cu-DOTA-Trastuzumab
24hour

SUVmax 10.6

SUVmax 3.47

SUVmax 4.55

64Cu-DOTA-Trastuzumab
48hour
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Case 3 F/44, Left breast cancer

s/p BCS 2015.11

s/p Herceptin ~2017.05

ER(-)/PR(-)/HER2(3+)/Ki-67(60%)

# New mediastinal LN

FDG PET/CT Cu-64 DOTA-trastuzumab

Lt. supraclavicular LN - Bx: Mets HER2+++
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Entire HER2+ Dominant HER2+

Minor HER2+ Entire HER2-

HER2
Positive pattern

HER2
Negative pattern

Zr-89 Trastuzumab Zr-89 Trastuzumab
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Evaluation of HER2 expression
using imaging biomarker

• Need to assess HER2 expression non-invasively
• HER2 expression heterogeneity

– Metastatic lesion
– Temporal

• Cu-64 DOTA Trastuzumab
– Uptake at HER2 positive metastatic breast ca
– Imaging timing; 1 D, 2D after injection
– Trastuzumab predosing favorable
– Well correlated with IHC

• Zr-89 DOTA Trastuzumab
– Proper half life for Ab (3.3 d)
– Response of TDM-1
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F/48, Right breast cancer

# ER(-)/PR(-)/HER2(3+)/Ki-67(60%)

s/p Right NACSSM+SLNB 2014.07

s/p AC-TH -> Herceptin

FDG PET/CT Cu-64 DOTA-trastuzumab

Breast cancer Pt 
with Abd LN 
during F/U

# Regional recurrence, right axillary LNs on 2017.01.16

s/p RTx: right axilla

s/p CTx, palliative wide excision of NAC

ER(-)/PR(-)/HER2(3+)/Ki-67(10%)

#  Serum HER2 32.1  on 2018.1

Hx of NTM HER2 Positive 

tumor

CTx Responder
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Thank you for 

your attention


