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3. ¥ # # (Bony metastasis)
4. % * J (Lymphoma)
5. " & & i #5 (Hepatoma & liver metastasis)

6. ¢ & p & % (Neuroendocrine tumor)






/T Beta and Gamma
Alpha emitters emitters
Longer range (1-
m PR Shorter range 10 mm)
] (<0.1 mm)
"R E,IT Low LET
RV Bt (4o B &, R ) High LET

High OER

Low OER

m o emitters: Ra-223
m [ emitters: & F & S“urvivalbandf

. L e e o e palliative benefit
B yemitters: 1§ T, {5 E B T

Palliative benefit

1. =542 Range
2. B EH

e & 45 LET (linear energy transfer)
3. M3 H " OER (oxygen enhancement ratio)

—\

Radium-223 in metastatic castration resistant prostate cancer
Asian Journal of Andrology 2014;16(3):348-353
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Treatment of castration-resistant prostate cancer and bone metastases with radium-223 dichloride.
Int J of Urol Nurs. 2015;9(1):3-13
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#&# LET (linear energy transfer)
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3. M ¥ 3 5+ OER (oxygen enhancement ratio)
M LET#5 53 ¥ 092 15 E 4 R e R

1.0—
2 § il
8 2 10
(o))
Ig § X-rays
Z O 102k
2 01— §10
= 3 . Alpha 15-MeV
2 3 10%| rays -my
o
t Increasing LET
0.0 | > 10-4 | | | | I |
0 1000 2000 0 2 4 6 & 10 12
Dose (Gy)

X-ray dose (rad)

Essential Nuclear Medicine Physics, Chl1
Radiobiology for the Radiologist, Ch7



Thyroid cancer & hyperthyroidism
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I-131 [-123 I-124 I-125 Tc-99m
Mode of decay B Electron capture Electfon capture, | Electron capture Isometric
(%) (100) (100) B (77/23) (100) transition (100)
Half-life 8 days ¢ 13.2 hr 4.2 days 60 days 6 hr
y-ray energy 511 35
(keV) 284, 364, 637 159 (annihilation) X-ray (27-32) 140
Abundance 6, 81, 7% 83% 46% 7% 90%

130 131

Common Te(n,y) ~Te 124 125
production 23153[1J(n,f)11?1Te 121Sb(0,2n)! 23] 124Te(p,n)1241 12)(56:(11,1()125Xe Mo > Tc
method Te=> 1 Xe>1®1

Bt ik (predominant route), % i{ (some)

Fundamentals of Nuclear Pharmacy, Fifth edition
Essentials of Nuclear Medicine Imaging, Fifth Edition
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PA

% Jodine-131 (1P'I-Nal) <® ##>

A L i‘] 2} ;ru\: Hf]l\}%

£ gk o : E :
o e nf i/{;, o §' % papillary, jg ;¢ follicular
F T (X: %% medullary,  ~ it anaplastic)
4-6 weeks
I-131 (RAI; radioactive iodine) REIN J;;jz\;;g & e %k :+ ~ 100 mCi
Remnant ablation = remnant SEING T LA~ 150 mCi

Adjuvant therapy = suspected metastasis

RAI treatment = persistent metastasis 1B Sl A5 (Hi /% ): 150 ~ 200 mCi
? 4 3t% T4 (TSH <0.1 mU/l) ‘

A5
+ HP 3E B Bk Hij&l:ﬁ v thyroglobulin (Tg<2 ng/ml)
[-131 2 ¥ # 4 (1-5 mCi)
%1-123 (1-2 mCi) > # £ 5§ >
(stunning effect)
< BF-FDQG, ?°mTc-sestamibi,
201T], Hln-octreotide

Essentials of Nuclear Medicine Imaging, Fifth Edition 12



Hemithyroidectomy Total Subtotal
(Lobectomy) thyroidectomy thyroidectomy

Near-total
Near-total thyroidectomy
lobectomy
<lg 1. Hemithyroidectomy (Lobectomy)

+ Near-total lobectomy
2. Bilateral near-total lobectomy

13



2015 ATA guideline. Thyroid. 2016;26(1):1-133

« High risk: 100-200 mCi

e Intermittent risk: 30-150 mCi

e Lowrsk: X

2015 ATA guideline. Thyroid. 2016;26(1):1-133

1. ETE/ Size 1-4cm

2. LN: No. 5, Size 0.2-3 cm
3. Vascular invasion: 4 foci
4. Histology

5. Incomplete resection

6. Distant metastasis

(ETE: extrathyroid extension)

14



NCCN guidelines Version 2.2015

CLINICOPATHOLOGIC FACTORS

RAI not typically recommended (if all present):
~+ Classic papillary thyroid carcinoma (P1C) |

* Primary tumor <1 cm

* Intrathyroidal

* Unifocal or multifocal

* No detectable anti-Tg antibodies

* Postoperative unstimulated Tg <1 ng.l'mLh

CONSIDERATION FOR INITIAL POSTOPERATIVE RAI THERAPY

Y

RAIl selectively recommended (if any present):

* Primary tumor 1-4 cm

* High-risk histology'

* Lymphovascular invasion

* Cervical lymph node metastases

* Macroscopic multifocality (one focus >1 cm)
» Persistence of anti-Tg antibodies!

* Postoperative unstimulated Tg <5-10 ng.l‘mi_h

RAI typically recommended (if any present):

+ Gross extrathyroidal extension
* Primary tumor >4 cm

» Postoperative unstimulated Tg >5-10 ng/mLk
Known or suspected distant metastases at presentation

Gross residual disease not amenable to RAIl therapy

g values obtained 6—12 weeks after total thyroidectomy.
lie, poorly differentiated thyroid carcinoma.

INote that the rate of decrease of TG antibodies may be prolonged; thus, in low-risk situations and

decreasinf; Tg antibodies, RAI can sometimes be delayed until nadir is reached or they become absent.
cross sectional imaging should be considered to rule out the presence of significant normal thyroid

remnant or gross residual disease and to detect clinically significant distant metastases.

KAdditional

RAIl ablation is not required in patients with classic
PTC that have T1b/T2 (1-4 cm) cNO disease or
small-volume N1a disease (fewer than 3—-5
metastatic lymph nodes with 2-5 mm of focus of
cancer in node), particularly if the postoperative
Tg is <1 ng/mL in the absence of interfering anti-Tg
antibodies.

RAIl ablation is recommended when the
combination of individual clinical factors (such as
the size of the primary tumor, histology, degree of
lymphovascular invasion, lymph node metastases,
postoperative thyroglobulin, and age at diagnosis)
predicts a significant risk of recurrence, distant
metastases, or disease-specific mortality.

\J

Y

No

RAIl not typically
indicated,

See (PAP-5)

30-100 mCi

RAIl being
considered,

See (PAP-6)

100-200 mCi

Amenable to RAI
See (PAP-T)

See (PAP-10)

For general principles related to radioactive

iodine therapy, See (Discussion)

15



— Low 1odine diet for 1-2 weeks
— Thyroid hormone withdrawal (THW) for 3-4 weeks
— Recombinant human TSH (rh'TSH; Thyrogen) 0.9 mg IM QD *2 days

ERLE/ S Ao
 asurvey instrument at one meter: <7 mrem/h (0.07 mSv/h)
« oral [-131 dose: <33 mCi (1.2 GBq)

 effective doses to other persons: <500 mrem (5 mSv)

c Iefis
— P PFFR4p? 4 to 10 days
— AT R 23 to 5 days
— @ ¥ LA ? 6-12months
— P pET A sk ?6to 12 months
o FE4 kit (pulmonary fibrosis): 600 mCi
o ¥ g3 ] (bone marrow suppression): 800 mCi
o M7 |4z (secondary tumor: leukemia, bladder & breast): 800 mCi

Essentials of Nuclear Medicine Imaging, Fifth Edition

16



V" TSH >30 plU/mL
o 7 &% & 1-2 weeks
izt 73 G F /% 3-4 weeks
o3y 3T ¥ Lk H;TL % & % rhTSH (Thyrogen, 0.9 mg IM) 2 days

S & E % R
TORREE F (X Roré <) 3-4wk for T4, 10-14d for T3
A, Za - ¥ ,carrageenan, Lugol solution | 2-3wk (13457 2 &)
FEat H(7 ) 7-10d
Thionamide medications (propythiouracil,
methimazole, carbimazole) 3d
Amiodarone 3-6mo or longer
7 foengd it 49 7% 7% (SSKI) 2-3wk
b R E (A ) 2-3wk
B 2R % 1) 6-8wk (3K & % ¥ 7 i
B s GRe 1) 1-6mo

Society of Nuclear Medicine Procedure Guideline for Therapy of Thyroid Disease with '3'1
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vl & (Tare)

*% . (occasional)

PR R

g % e

rA A :T % (£ R )(unusual)
7oAk (35 R R &PRE)
1.0 I.I/ﬁ'_ R Zord

AL B T
1.2 &

2. A A pheE AT 1 0T e/ R

ERIEH L SICT §i T-Ik T =

FCRIE R

3. eV /TR I~ S /R

’Jijl:fﬁ*f»,«/% d % /v o T
(Uncommon)

Society of Nuclear Medicine Procedure Guideline for Therapy of Thyroid Disease with '3'1
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52#% % ,5* % &, near-total thyroidectomy (2006-09-11), 100 mCi I-131 ablation

I-131 WBS 7 days after ablation (2006-11-07):

AMT 221K Duration: 674520 POST 179K Duration: GF4sec ANT 221K Duraticn: GF4sac
2561024 2561024 256x1024

FOST 179K Duration 6 74sec
2561024

19
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a i & a
ANT THYROID 57K POST THYROID 35K ANT THYROID 44K POST THYROID 21K
Duration:79sec 256x256 Duration:79sec 2561255 Duration:79sec 256x256 Duration:79sec 256x256
131-lodine 131-lodine 89m Technetium 98m Technetium

.3
T @
9 F =7 g F S5cm
2

;.IIH"F

e

http://plasticsurgerykey.com/thyroid-lobectomy/



# JTodine-131 (31I-Nal)

. e 2
i TR

|

I-131 treatment

|

<® ’ijlﬂ it 7 i Graves’ disease,
toxic nodules, nontoxic nodular goiter>

T3, T4, TSH, anti TSH receptor Ab
I-131/1-123/Tc-99m uptake & scan

|

80-220uCi/g
15 mCi for usual-size solitary nodule (1.5-3 cm)

|

o
Sty
a3
e

Essentials of Nuclear Medicine Imaging, Fifth Edition

2 ﬁ%sﬁx\ﬁ};;; )
AT T A
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"4—” Caea ;]J—B;]’l\

Multmodular goiter

vk Bﬁl . Thyroiditis

MR ra? RS
Solitary hyperfunctioning thyr01d nodule

‘o

B3P £ K Jpi Graves® disease

22
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SSEE 2.7 R+ R OR &MRIR)(1-5%)
B B;]u, T # 3. ik A R B(very common)

4, vk % 7% (very common)
5. Graves’ disease F* Jf ¢ Jy

« There 1s no evidence:

1. an increased risk of thyroid carcinoma or other malignancy
2. an increased risk of infertility

3. an increased incidence of birth defects

Society of Nuclear Medicine Procedure Guideline for Therapy of Thyroid Disease with '3'1
The Pathophysiologic Basis of Nuclear Medicine, Chapter 7
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Bony metastasis

wii P-32

m4l Sr-89

uik Re-186/Re-188
47 Sm-153

w4 Sn-117m

4% Ra-223



o b § E(U PRSLB/RER)
o EEAR (7 2)
o EEPEILR (M)

1. &% P-32
2. &“uSr-89 -ﬁ'
3. 4% Re-186 o b<q Sl i
R 188 T T 1 WO\ = _%
C- Na | Mg Al s | Cl
2 18 -H. b = M i H F- ] g f 1) ] k7] -?‘
. 42 Sm-153 K |Ca Mn| Fe [Co| Ni |cul|Zn | Ga As | Se | Br
o - § il B B o B o B 8 vl Bl
5. 4% Sn-117m Rb| Sr Te | Ru|Rh| Pd cd| 1k | sn Te| |
e ] e | o vl Bl O Bl B i
- Cs|Ba| » Re ir | Pt | Au TI |Pb| Bi | Po| At
w Ra 223 -‘ [ L L] i :%‘% m s Rl
Fr [Ra|* » Bh | Hs | Mt [Uun|u
son| Bt | G| Th | By | Ho| & | Y| ¥
Th|Pa| U |Np|Pu|Am|Cm| Bk | Cf | Es |Fm|Md| No

Alpha particles as radiopharmaceuticals in the treatment of bone metastases: mechanism of action of radium-223
chloride (Alpharadin) and radiation protection. Oncology (Williston Park). 2012;26(4):330-7, 341.

E: ;‘:l Hxl P E:l E-I

25
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£y Y Bone-Seeking Radionuclides for Therapy. J Nucl Med 2005; 46:38S—47S

TABLE 1
Physical Characteristics of Therapeutic Radionuclides for Bone Pain Palliation
Maximum energy Mean energy v-Emission

Radionuclide Half-life (MeV) (MeV) Maximum range (keV)
a2p 14.3 d 1.7 (B) 0.695 (B) 8.5 mm None
89gr 50.5 d 1.4 (B) 0.583 (B) 7 mm None
186Rg 3.7d 1.07 (B) 0.362 (B) 5 mm 137
183Re 169 h 2.1 (B) 0.764 (B) 10 mm 155
1535m 19d 0.81 (B) 0.229 (B) 4 mm 103
17mgn 136d 0.13 and 0.16 conversion electrons <1 pm 159
223Ra 114d 5.78 (o) (average) <10 pm 154

TABLE 2

Administered Activities, Typical Response Times and Duration, and Retreatment Intervals
for Bone-Seeking Radionuclides

Usual administered Typical response Typical response Retreatment

Radiopharmaceutical activity time duration interval
2p 444 MBq [fractionated] 14d 10 wk =3 mo
8S8rCl, 148 MBq 14-28d 12-26 wk >3 mo
186Re-HEDP 1.3 GBg 2-7d 8-10 wk =2 mo
28Re-HEDP 1.3-4.4 GBq 2-7d 8 wk NE

153Sm-EDTMP 37 MBa/kg 2-7d 8 wk >2 Mo
"imgn-DTPA 2-10 MBg/kg 519d 12-16 wk >2 mo
223RaCl, 50-200 kBg/kg <10d NE NE

ME = not established.




<t BRI w4 5 Fv T LD

1. 7+ Phosphorus-32 (32P-sodium orthophosphate)

Half-life: 14.3 d

»< No vy emission

B emission
Maximum energy: 1.7 MeV; Mean energy: 0.695 MeV
Maximum range: 8.5 mm

Usual administered activity: 444 MBq (fractionated)
Typical response time: 14 d

Typical response duration: 10 wk

Retreatment interval: >3 mo

»% The main disadvantage of 3P therapy is dose-limiting myelosuppression

with reversible pancytopenia (= Ik j& > ) maximal at 5-6 wk after
administration.

KV ek B a 3R F g (polycythemia vera) (74-111 MBg/m? 2-3 mCi/m?)

27
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2. 4% Strontium-89 (3°SrCl,)

s Half-life: 50.5 d (& %)

¢ No y emission

®m [3 emission

m  Maximum energy: 1.4 MeV; Mean energy: 0.583 MeV
m Maximum range: 7 mm

m  Usual administered activity: 148 MBq
m Typical response time: 14-28 d (# % )

m Typical response duration: 12-26 wk (# % )
m Retreatment interval: >3 mo

X RS R A o Len & (turnoven)id 50t 8 9 10:1
m  Excretion 1s predominantly renal.

m  The toxicity of treatment is limited to temporary myelosuppression,
which typically occurs 6 wk after therapy.

28
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3. 4% Rhenium-186 & 188 (18°Re-HEDP & !'*3Re-HEDP)

Half-life: 3.7 d

v emission (137 keV)

B emission

Maximum energy: 1.07 MeV
Mean energy: 0.362 MeV
Maximum range: 5 mm

Usual administered activity: 1.3 GBq
Typical response time: 2-7 d (/)
Typical response duration: 8-10 wk
Retreatment interval: >2 mo

Clearance is predominantly renal.

Toxicity 1s limited to temporary
myelosuppression.

¢ Half-life: 16.9 h (# &)

s v emission (155 keV, 10% abundance)
m 3 emission

Maximum energy: 2.1 MeV

Mean energy: 0.764 MeV

Maximum range: 10 mm (# &)

Usual administered activity: 1.3-4.4 GBq
Typical response time: 2-7 d ()
Typical response duration: 8 wk
Retreatment interval: ?

m  88W generator

m  Toxicity was limited to activity-
dependent, temporary myelosuppression
with a nadir at 6 wk.

29
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4. 42 Samarium-153 (1>3Sm-EDTMP)

Half-life: 1.9 d

v emission (103 keV)

B emission

Maximum energy: 0.81 MeV; Mean energy: 0.229 MeV
Maximum range: 4 mm

Usual administered activity: 37 MBq/kg
Typical response time: 2-7 d (/)
Typical response duration: 8 wk
Retreatment interval: >2 mo

S R S ¢

Tumor-to-normal bone ratio: 4:1-7:1
Pain flare 1s rare (~10%)

30
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5. 48 Stannum-117m (!'"™Sn-DTPA)

Half-life: 13.6 d

v emission (159 keV)

Conversion electrons

Maximum energy: 0.13 & 0.16 MeV
Maximum range: <lum (# &

Usual administered activity: 2-10 MBg/kg
Typical response time: 5-19 d

Typical response duration: 12-16 wk
Retreatment interval: >2 mo

31



3 BRI endEcE H;‘]L}% (castrate-resistant prostate cancer; CRPC)

6. 45 Radium-223 (***RaCl,; Xofigo)

Half-life: 11.4 d

v emission or X-ray (154 keV, 1.1%)

B emission (3.6%)

o emission (95.3%)

Maximum energy: 5.78 MeV (average)
Maximum range: <10um

Usual administered activity: 50-200 kBq/kg
Typical response time: <10 d

Typical response duration: ?

Retreatment interval: ?

Actinium-227 generator

®m  Tumor-to-marrow ratio: 30:1

223R3
11.43 d

m—> Ol

Excretion is predominantly via the gastrointestinal tract.

Decays via a series of a-, B-,
and y-emitting daughters

B_ 2T1PD
516 ms
(0.27%)
. 21B;
B 217 m a
— | ?3%16_ 207Pp
il Stable
2077
4.77 m

Bone-Seeking Radiopharmaceuticals for Treatment of Osseous Metastases, Part 1: a Therapy with 2>3Ra-Dichloride.

J Nucl Med 2014; 55:268-274

32



Actinium 47 Thorium 4+

Actinium-227 Separate Radium-223 from .
. Further purify
generator Actinium-227 and Radium-223
(21.8y, B) Thorium-227 (18.7d, o)
Drug Formulate and
substance |——| autoclave:
solution Drug Product

Primary Primary ~ Primary TiaA

Container Container - Container shipping
Closure Closure Closure | box
System I System with System i

Top and placed in the

Bottom Cap Shielding

and Wrapping Container

film

*6 mL solution in 10 mL glass vial
*6 MBq (162 uCi) per vial (1000 kBg/mL) at reference date

*Shelf-life: 28 days



National

Comprehensive  NCCN Guidelines Version 1.2015 NCCN Guidelines Index
i Prostate Table of Contents
AR Cancer Prostate Cancer

Network® Discussion
C - =] AR R E
> R R 3R T (%) > FE 6 5 Tk 215X 10°0
> B (6%) o
> m i F 210g/dL
PN 2 R n g AE
> MR > vgc* Mo w3k =1x10%L
> R > 5o > 50 x 10%L
> FErd
# & 55 kBqg/kg body weight

T
* fgw F A
P

34



(A) FDG PET scan ~ (BC) MDP bone scan

fII
s w-s

Raium-223 in the treatment of osteoblastic metastases: a critical clinical review
Int J Radiat Oncol Biol Phys. 2015;91(5):898-906.

(DE) ?23RaCl, scan
24hr after injection

35



Lymphoma

w42 Y-90 Ibritumomab tiuxetan (Zevalin)

7t [-131 Tositumomab (Bexxar)
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o ek
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Ll 2,

T 5 v m e
© Fc receptor

Fundamentals of Nuclear Pharmacy, Sixth Edition, Ch7 37



Fc
Fundamentals of Nuclear Pharmacy, Sixth Edition, Ch7
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105-1 5 %

‘ ods & | (2) fusion of cells

(3) selection of
2x10” myeloma cells

(1) immunization

hybridoma

| B2 € Ol ——[@,)]-
1x108 Spleen cells[ | .
y |@ .
& oS
S t Fusion in polyethylene - )
m o?w%%rlgneal glyCOI HAT medium Select specific
: ‘_ hybrid b
antibody immyur::oas}s,ay
Grow in mass KN orantibogy
culture medium — @ @ @
Crrrrs’
Inject into mouse e e (4) cloning of
hybridoma

Collect ascites /

containing é é

monoclonal antibody -
(5) screening of antibody

(6) production of monoclonal antibody

Fundamentals of Nuclear Pharmacy,

Sixth Edition, cnb7) preservation of hybridoma cells
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b PR R

# =.(-mab) REG [ HERN | @ * | Rk W RL(F R -Fkl
BR [RF BT R e A2 )

In-capromab T8 190% |8hr |#Z 4~ H % & | Mab 7E11.C5.3
pendetide # e 7 ’S‘J]U{%
(ProstaScint)
Mn-ibritumomab >95% % FRROY- Anti-CD20 Ab
tiuxetan Zevalin; - B | £

£ R e i
0Y-ibritumomab >95% /e (non- Anti-CD20 Ab
tiuxetan (Zevalin) Hodgkin’s

lymphoma)
PmTe-arcitumomab |2-8C |>90% |[4hr |Z A 82% E %% |IMMU-4
(CEA-Scan) (PrFsdihm) 33k e {\

U\ &ff\nQ P
9mTc-sulesomab 2-8C [>90% |4 hr | PR 4 &% X IMMU-MN3
(LeukoScan) (R tm?2) A HE Rk BUAE

i (HAMA)

Fundamentals of Nuclear Pharmacy, Sixth Edition
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4z Yttrium-90 (Zevalin) & #:. Iodine-131 (Bexxar)
<Monoclonal antibody>

Half-life: 64 h (2.7 d)

No y emission

. s Ytrium-20 labelled Zevalin®

B emission

Maximum energy: 2.281 MeV

Mean energy: 0.933 MeV

Path length of 5 mm in soft tissue
(about 100-200 cell diameters)

'\:..:”' o :- ‘\' %
4— Tiuxetan (MX.DTPA)
= 39Y(n,y)Y % (W S

EANM procedure guideline of radio-immunotherapy for B-cell lymphoma with °°Y-radiolabeled ibritumomab tiuxetan
http://www2.alasbimnjournal.cl/alasbimn/CDA/sec_a/0,1205,SCID%253D 14549%2526PRT%253D14544%2526LNID%%?3



. Rituximab (Rituxan) (CD2OE ’H\J}’Fu Dl & D7) (250 mg/m?, spleen & normal B cells)
2. '"n-Ibritumomab tiuxetan (i %, D1- 3 2-24h/48-72h) (5 mCi)
3.20Y-Ibritumomab tiuxetan (Zevahn) (/r’ }% R D7- 9) (0.4 mCi/kg over 10 min, Max: 32 mCi)
— Overall response rate: 75% (complete response 15% only)
— AR T S 3 ST (90%), £ 4 (35%),7 05 (25%), 374 (20%)
— PLT <100,000/mm7 s¢ &% 75 o

(1) Tositumomab (D1 & D7) (450 mg in 50 mL NS over 60 min)
(2) P-Tositumomab (Bexxar) (:& #%, D1-7, 1h/2-4d/6-7d) (5 mCi in 30 ml NS over 20 min)
(3) P-Tositumomab (Bexxar) (7p %, D7-14) (whole body dose: 0.75 Gy)
— Response rate: pre-treated patients 54-71%, newly diagnosed patients 95%
— Before receiving [-131: SSKI
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o lIn-ibritumomab tiuxetan (Zevalin) dosimetry images (72-hour postinjection)
1. Tumor activity
2. Expected activity: (1) moderately high: liver/spleen
(2) low or very low: kidneys/bladder/bowel
3. Unacceptable activity: (1) diffuse lung > P! cardiac blood pool
(2) diffuse lung/kidney/intense bowel > P23 liver
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BJ—:}% & Bi—gg y 5

Hepatoma & liver metastasis

142 Y-90 microsphere



Arterial embolization Conventional chemoembolization

Arterial flow

Drug-eluting bead chemoembolization Radioembolization
(DEB-TACE) 100-300 um (TRE) 20-60 um

Chemoembolization and radioembolization for hepatocellular carcinoma. Clin Gastroenterol Hepatol. 2013;11(6):604-611 45



42 Yttrium-90 microsphere (SIR-Spheres/TheraSphere)

< Resin or glass microspheres>
m  Microsphere: 20-60 um

O MAA: 10-90 um
O sulfur colloid 0.1-1 um

RPN BT R 2
¢ # % & portal vein thrombosis

Selective internal radiation therapy (SIRT)
Greeri——,

—

SN\ K P L S
“/,.. i A 10-20 um

| A e\

4 \
A
: 7 Portal Hepatic artery
vein

Chemoembolization and radioembolization for hepatocellular carcinoma. Clin Gastroenterol Hepatol. 2013;11(6):604-611
http://www.leberkrebstherapie.org/patients/sirt-therapie-patients
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« CT: tumor resectability, extent of disease, extent of extrahepatic disease,
hepatic vascular anatomy, arteriovenous shunting

* Angio-CT: map tumor-perfusion vessel, embolize collateral vessels,
assess portal vein patency

* Angiographic catheter into hepatic artery

http://www.mercyangiography.co.nz/Procecures/Oncology/SIRT.html
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(1) " Te-MAA (i #)

1. % % 7% (lung shunting):
(1)>10% > *% <& & (radiation pneumonitis)
(2)>20% > # &%

2.3 AR Y, L h Y,

3. Mg L ¥ de e vt (T/N ratio)

(2)°YY -microsphere (7% ) (3 GBq/81 mCi in 5-mL vial; 1.5-2.5 GBq/40-70 mCi)
very slow infusion rate (avoid reflux into gastroduodenal artery)

1. SPECT/CT: § * & I§ % ; #]%- 4§ & (bremsstrahlung; braking radiation)
2. BT el R, S AR MR R
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#]#> 1§ % Bremsstrahlung

« Small charged particles such as electrons or
positrons may be deflected by nuclei as they @
pass through matter, which may be attributed
to the positive charge of the atomic nuclei.

« This type of interaction generates x-radiation j
known as bremsstrahlung, which in German means
“braking radiation.” @
&
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3F-5% 4> 7% (lung shunting)

TSR, R, 3

R Ryl
s F ik

¥a

Left

¥a

Left

Ant 1485K 256x1024

Post 1781K 256x1024

Perfusion
FOST Geometric Mean
(Counts) Left Right (Courts) Lun -
134K B/ETK 9 Liver
Total 134K JEETK Total 139k, B
(% Ratios) Left Fight (% Ratios) Lun g
336 o6 B4 9 Liver
Total 3.56 95 B4 Total ‘ 3.87 , g5 13
AMNT
(Counts) Left Fight
148K HB5 K
Total 148K, 165K
(% Ratios) Left Right
4.50 85 50
Total 450 85 50
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WL ¥ koot (T/N ratio)
6.17 in RHA territory 3.26 in LHA territory
3.5 mCi PmTc-MAA 1.5 mCi

% Liver Mas SPECT+CT [Transformed Ob... Transverse
b

o Liver MAA SPECT+CT [Transformed Ch... Transverse
o

B

=

24 P
Liver G+ 40sec 1.5 B30TMPR [RHA] [Transformed Object], 8/3/2015

T
Pl

Lo
u

[yt
ni=

] ‘

Liver C+ 40sec 1.5 B30fMPR [Transiormed Chject], 8/4/2015

Fr:54 Pix:3.9mm

Frame: 54 508

ROI: E Fr41 Pix 3 9mm

Total Counts: 3135047 .00 Frame: ROI: B
Number of Pixels: 489 Total Counts: 705103.00 Number of Pixels: 566

%

Liver Mas SPECT+CT [Transformed Object], .. Liver C+ 40sec 1.5 BI0TMPR [RHA] [Transfo

N
o

Fr:54 Pix 3 9mm

o | (
¥ | \N
Liver MAA SPECT+CT [Transformed Ohject], Liver C+ 40sec 1.5 B30 MPR [Transformed
L]
Lo

Frame: 54 .
ROI: F Frd1 Pix 3 9mm
Total Counts: 2912962 .00 Frame: Lal ROI: D
Number of Pixels: 323 Total Counts: 463998.00 Number of Pixels: 236
A(B0%T.20%) BIHUE-281,T.579) C1:(B:0% T.39%) CmU(B.-BE‘T 208) AL(BI0%T.9%) B HUE-85T.165) C1 (B.D%_TM%) C2 HU(E:-B5T.165)
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#1] % §§ &+ (bremsstrahlung radiation)

Ant 4175K 256x1024

Post 4492K 256x1024

ANT 8902K 256x256

POST 9778K 256x256
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#1 # £ &+ (bremsstrahlung radiation)

R ¥ s jo (T/N ratio)
6.17 in RHA territory 3.26 in LHA territory
1.9 GBq Y-90 microsphere 1.13 GBq

Y-80 Liver SPECT_+CT [Transfarmed Object], 801 272015 Transverse Y-590 Liver SPECT_+CT [Transformed Ohbject], 81272015 Transverse

17
2
!_11
=
10
o
gl
=

Smooth Bane 5.0 B30s, 81 22015 Smooth Bone 5.0 B30s, 8122015




Neuroendocrine tumor

szt BI-MIBG
w42 Y-DOTATOC
w45 TLu-DOTA



A 5N A B (neuroendocrine tumor)

p%r 4,14 % "¢ % (pheochromocytoma)

A SR tm P2 B (neuroblastoma)

BlA 5 & 5 (paraganglioma)

#8 %5 (carcinoid tumor)

B kR ELE & (medullary thyroid carcinoma)
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m DBI-NP-59 (i¢ #°): m DBI-MIBG (i &0 ):

O % P O % ¢ g

01 mCi 0.5 mCi

[0 5-7 days 048 hr & 72 hr

P 0 vk 4w B
(Cushing’s disease) (pheochromocytoma)

0% 1 ,;le? W6 SR **Norepinephrine analog (& %} ﬁfjl%)

. fo Sy :

(hyperaldosteronism)

O &1 3R
**Cholesterol analog (% & %)
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o [-131 NP-59 (i& %)
— iz % : hypothalamic-pituitary-adrenal axis (eg: glucocorticoids)
renin-angiotensin-aldosterone axis (eg: spironolactone)
— 37 ;R Lugol’s solution (5%, 3 drops BID, D-2 ~ D+7) £ SSKI
— Fr4F Hﬁ'\ﬁl B # % : dexamethasone (1 mg QID, D-7 ~ D+7)
— "% % 3 5 2 (liver, gallbaldder and biliary secretion to colon) : 3% /&7

I-131 Whole body scan Sdays 3/25/2017
g

I-131 5days SPECT+CT [Transformed Ohject], %25/2017  Transverse

Smooth Bone 10 B30s, 32502017

a
ANT 500K 256x256 131-lodine POST 500K 256x256 131-lodine

1]
AMT 193K 256x1024 POST 162K 256x1024 57



1. BI/I2I-MIBG (3% $2) 40-80 MBq (1.2-2.2 mCi)/400 MBq (10.8 mCi), slow infusion (>5 min)
2. BI-MIBG (758 ) 3.7-11.2 MBq (100-300 mCi), slow infusion (45 min ~ 4 hr)
— S H R et R Rl B R RPL T R L DL BT
— BLEpH|iEH P }I’?’”jlﬁ ARG = I & el 1IN }}%E\‘ H s B

_ «N A B @lf?ﬁ]@ 74 %gr_é 245 4 % (232) 7 e —%
Lugol’s solution g% SSKI & % ¥ ;& };;i-;\

NN

I31.MIBG (i %)

Ant 3 hr
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42 Y-DOTATOC & 45 ""Lu-DOTA (Lutetium)

m Somatostatin analog (#r %4 %)

m DOTATOC: DOTA Tyr3-octreotide ' [n-pentreotide (Octreotide)

m A 5 A w2 B (neuroblastoma) o 24 fr

s '1[n-DTPA-Octreotide (i% ) Y By D %
m %Ga-DTPA-Octreotide (i #%) - - -

m Y-DOTATOC (75 %)

m Lu-DOTA (Vg )

Ant Post Ant Fast

Essentials of Nuclear Medicine Imaging, Fifth Edition



1. 7 R HJTU%& |k ’%%}3 st 7w i€ (Thyroid cancer & hyperthyroidism)
« # I-131
2. # # (Bony metastasis)
«  F#P-32: E M in 3R ? g (polycythemia vera)
« 4L Sr-89, 4% Re-186/Re-188, 42 Sm-153, 47 Sn-117m, 4§ Ra-223
3. # © 7% (Lymphoma)
e 42 Y-90 Ibritumomab tiuxetan (Zevalin)
o @ [-131 Tositumomab (Bexxar)
4, " & i #5 (Hepatoma & liver metastasis)
* 42 Y-90 microsphere (SIR-Spheres/TheraSphere)
5.4 & ¢ & 0 (Neuroendocrine tumor)
e @ BILMIBG: %+ ”ﬁ&%&’i?ﬁ ; V%’ﬁ@—“‘r % #¢ 7 (pheochromocytoma)
¢ 42 9Y-DOTATOC & 45 '""Lu-DOTA:# §#* *m*z % (neuroblastoma)
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