
2018

Ἄ∂ҍ ̪Ṏ∟ ╥ ̓ἌḊἍ



♩ḉ╢ ›Ἁ ╢ ╢ ⁮

Precision medicine



̰▀Ṓ 2016.05.09

Introduction



´ᶑ⁮ ᴫ

Introduction



´ᶑ⁮ ᴫ

Introduction



´ᶑ⁮ ᴫ

Introduction



Sharma et al. Cell 2015

Introduction



Trans Cancer Res. 2015;4:4
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Nat Rev Cancer 2016;16:275
Clin Cancer Res 2017;23:1920
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ṋᵖ̐♅ PD-L1 Ḙ ╩

Plos One 2015;10:epub Ann Oncol 2017;28:882
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ṋᵖ̐♅ PD-L1 Ḙ ╩

• Discordant tumor cell PD-L1 staining 
between primary tumor and metastatic 
lesions was detected in 11 of 53 cases 
(20.8%).

Primary Metastases

Cancer Immunol Res 2015;3:1158 Npj Genomic Medicine 2017;2:10
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╢ ₂ừ Ḓ╧ₓᵞ : target
111In-PD-L1-mAb

Chatterjee et al, Oncotarget 2016
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╢ ₂ừ Ḓ╧ₓᵞ : parameter

⸗‗ϼ Ṇ╧ ʷ⸗‗ϼצּ ᶑ⁮ Ἒ ┤ ʷצּ
 ´ᶑ⁮ ᴫ Ḗ╛Ἐ ʷצּ

Introduction



╢ ₂ừ Ḓ╧ₓᵞ : parameter
Introduction
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Martini MM, et al. Nat Rev Clin Oncol 2012

Who will response

Seeing is

TREATING

SSTR

SSTR-targeting

radiopharmaceueticals

68Ga-SSTR PET, 111In-octreotide scan, etc.

IMAGING

THERAPY
177Lu-DOTATATE, 90Y-DOTATOC, etc. 

68Ga-SSTR PET

• Tumor shrinkage

• Sx.control

Precision medicine



Targeting



Somatostatin Receptor

е╕ Ḙ

ᾐ˿ϿṪẋꜙ‚(SSRT1 and SSRT2)

♣ᵞἐ  (SSRT1)

68Ga-DOTA-TOC 68Ga-DOTA-NOC 68Ga-DOTA-TATE

68Ga-DOTA-TOC



68Ga-DOTA-TOC PET/CT acquisition protocol

 ■ Ẉכ

-͔ᾏ > 4hr ( ὡỢ ῷѶ) 

↑ר

- 100-200 MBq / 70kg

₂ừ ӣ

- 60 min post injection 

68Ga-DOTA-TOC



68Ga-DOTA-TOC – ♩ừ ṧ

68Ga-DOTA-TOC



Case 1

ṋᵖ˷̐
- ᾍ˼ϼṧẈ⸗‗, grade 1

68Ga-DOTA-TOC

55/F ◌ ⸗̟



Case 2

 55/M ᾍ◌´
 ◌ ⸗̟

CT abdomen FDG PET

68Ga-DOTA-TOC



Case 2

ṋᵖ˷̐
- ᾍ◌´ ♆╧

68Ga-DOTA-TOC



1955-2011

ᾍ˼ϼṧẈ⸗‗ (Neuroendocrine Tumor)

177Lu-DOTA-TATE



177Lu-DOTA-TATE



StrosbergJ et al.NEJM 2017;376(2):125-135.

Yao JC et al.NEJM 2011;364(6):514-23

11.4mo

Raymond E et al.NEJM 2011;364(6):501-13

11.0mo

177Lu-DOTA-TATE

ᾍ˼ϼṧẈ⸗‗ (Neuroendocrine Tumor)





177Lu-DOTA-TATE



177Lu-DOTA-TATE

ᾍ˼ϼṧẈ⸗‗ (Neuroendocrine Tumor)



ḟởἘ ᴫ♫ ▄ừ♅↑╖ ⌐ Ҽᴌ ṏ

̎╨♅/ḅ ⱱ Ὕ⅔
▄ừὝ ͖̒(Ἁ↕Ҋṋ∙) Ḑ ḟởἘ╢‏ ỵ

Ợ ͖‭( ╧Ḓ╧ₓ )╢

ᾌ‏ /Ṑּקṥ ╢ᵎ ⁭ Ẉ▄ừ Ḑ

▄ừᾋ ╢ Ὕ ḟ Ἇ♩

ḟởἘ╢‏ GMP ͖כ ṥ ⅔ („ᴋ∂ Ḙỵ)

PICS ʷ█(2014.07.01)› Ӹׇ Ҳ█
∙■ᴌ⁴̬∙╢ ᾋἏ╖ ↑ ḟởἘ╢‏

ỵỢ „ᴋ∂
GMP ᾋἏ ╖כ͖ ⱱ ѡ ͖‭ ⅔

ḟởἘ╢‏ ▄ừ ╩ ʷ כ͖ Ḑ ♇ ╢ ḅ

╪Ḗ╢‏ › כ ⁭ Ẉ▄ừᾋ (RI ḅ ↑ ᾋ ) ḟởἘ╢‏ ṏᶶֹו ↑ ʷ(╢ỵᶕ⁴̬∙)

╢ ḟởἘ ♅ ᴫ♫(PRRT) ▄ừ♅↑╖ ⌐ ᾋҲ

̐♫ Ὕ : ᴫ↑ ḟởἘҼ⌐∙ἲ Lu-177 ỵỢ Ḑ ▄ừ♅↑ קּ ᶶ ˉḘ

(2010.07~2015.06, ḅכ Ɑ̐ ṥ ḟởἍ͖ὢˉḘở‭) 



ᾌ ‏╢ ῶ♆ 2017.7

Lu-177 DOTATATE ᴫ ▄ừᾋ ̐♩

177Lu-DOTA-TATE



řḟởἘ╢‏ ᶙ ʷᵎ ⌐ ῶϼἉŝ. 2015

177Lu-DOTA-TATE

Lu-177 DOTATATE ᴫ ▄ừᾋ ̐♩



ŜPET ↑ ḟởἘ╢‏ ʷ╧Ӣׇ╩ŝ. 2012

177Lu-DOTA-TATE

Lu-177 DOTATATE ᴫ ▄ừᾋ ̐♩



• ḟởѨ קּ ᾏ ╕‏ cold form̐ Ҽ╪ ♅ ̬Ἐ╖ ʷּ̃ק ▐╘.

• ḟởѨ קּ ᾏ ╖‏ ר↑̃ ⁭ ˪ ӄᶑ ᴫ‏ ̃┘╢ ṥ□↑̐ ᶱ
̒ ˪ ͒ἘḟởѨּצ ̮(acute radiation syndrome)› ╢ ởᵩ ʷ
ѨἘ╧ е╓ᶏ ᵖ‏ ♅ Ἐ̐ ᶱ̒ ˪ Ḙỵ Ḁᴘ ḖṐ ⁭ ῶ♆Ἐ
ʷ˷̐ᵎ Ҳ Ὕ .╘‮

• How about Alpha therapy ?

͈♩ ᵛ╧ ⅔ !

175Lu-Oxodotreotide 177Lu-Oxodotreotide

177Lu-DOTA-TATE

Lu-177 DOTATATE ᴫ ▄ừᾋ ̐♩



ʷ ♆ ♫‏ ở↑ ̒ᴍ ♫Ҳ Ẉ̧

ᴘ͋ן
•▄ừᾋ ‏╢↑ ╢

╛͒ừ ở↑ᾊ╩

͍˛Ḷ͈

ởḶ‏• ♫34Ɑ, ╢‏

ӫ╢ ῶ♆› ̒

͈ ♫28Ɑ, 29Ɑ

͈♫͖̒
•MFDS (ᾌ ‏╢ ῶ

♆ )

■Ɑ˝
•ˉṇ ■, ■̮

•▄ừᾋ ⁭ ṩʷѨ

˝Ɑ♫‏

•̭ϼ›Ἁ ▄ừᾋ ˾

ᾊ╩╖ ḗ╕ Ḓ ▐

ѡ ‏

♇

•ᾍ Ř (IRB: Ẉ╛͒

ᾋ) Ř ᾌ‏ ◌ ᾊ╩

•♩͖♅ ῶ♆Ἐ ṏ̃



`17.07.12 `17.09.05 `17.10.31

Case 1
`17.02.15

177Lu-DOTA-TATE



PSMA prostate specific membrane antigen

High expression

 Prostate cancer

68Ga-PSMA



68Ga-PSMA PET/CT acquisition protocol

 Patient preparation

- hydration with oral intake of 500 ml of water 2h prior

Dose

- 1.8-2.2 MBq / kg

 Image acquisition

- 60 min post injection 

68Ga-PSMA



177Lu-PSMA



177Lu-PSMA
SNMMI 2018 Image of the Year

Michael Hofman, Peter Mac



225Ac-PSMA

J Nucl Med. 2016 Dec;57(12):1941-1944





•We see what we treat, and we treat what we see



Vanderhoek, et al. JNM 2012; 53:4-11

ᶴ″╙ ♬ ˦╬ʺ?

# SUVmax, SUVavg, SUVpeak

# Volume-based Parameter
- Metabolic Tumor Volume (MTV)
- Total Lesion Glycolysis (TLG)

# Radiomics
- Shape?
- Wavelet?
- Heterogeneity??
- Texture??

Parameters

₂ừ ׇḅ



Moon, et al. KJR 2013;14(1):1-12

Esophageal cancer

69 patients
with tonsil SqCC

SUVmax

MTV TLG

Volume Parameters

Volume based parameters



Moon, et al. KJR 2013;14(1):1-12

-ἵἝ  , ẋἵἝ  , ӎ˿Ṩ , ▫̺
˿Ṩ , ϱἵ Ӯ

- MTV, metabolic tumor volume
- TLG, total lesion glycolysis

: MTV * SUVavg of tumor

Volume Parameters

Volume based parameters



Yip et al. Phys Med Biol  2016;61:R150-166
Hatt et al. J Nucl Med 2017;58:365-366

Radiomics

Radiomics parameters



Mol Imaging Biol. 2016 Dec;18(6):935-945

Radiomics

Image acquisition Segmentation Discretization

Radiomics parameters

https://www.ncbi.nlm.nih.gov/pubmed/27324369


Factors Affecting 18F-FDG PET Quantitation

Category Factor

Technical errors Calibration (10%)
Residual activity in syringe (5%)
Incorrect calculation of decay time (10%)
Quality of administration (50%)

Biologic factors Blood glucose level (15%)
Time interval between PET acquisition and injection (15%)
Patient motion (or breathing) (30%)

Physical factors Scan acquisition parameters (15%)
Image reconstruction parameters (30%)
ROI (50%)
Normalization factor for SUV
Use of contrast agents (15%)

Boellaard, et al. JNM 2009;50:11S-20S

Parameters



OSEM 2i 8s
Matrix size 128 * 128 
FWHM 8 mm 

OSEM 4i 16s
Matrix size 256 * 256 
FWHM 5 mm 

Parameters

₅Ữ Reconstruction╥₅



Vriens, et al. EJNMMI 2010;37:1408-1425

Parameters

₅Ữ Ӧᾎʼ╥₅



Cheng, et al. EJNMMI 2013;40:779-787

Parameters

₅Ữ Ӧᾎʼ╥₅



Parameters

ṨṪ ♠ (partial volume) ̓



Lee & Ha, et al. EJNMMI 2016; 53:4-11

Parameters

ṨṪ ♠ (partial volume) ̓



Cheebsumon, et al. JNM 2011;52:1550-1558Schiinagl and Kaanders et al. Cancer Imaging 2006;6:S107-S116

Fixed?
Adaptive?
Algorithm-based?

Parameters

Ṏṉ segmentation Ḣḹ╥₅
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