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ABSTRACT

Remarkable progress in clinical applications of
nuclear medicine theranostics has prompted a significant
increase in global demand for positron emission
tomography (PET) radiopharmaceuticals (drugs), such
as the USA. Washington University School of Medicine
has received a 5 years’ project with US $ 6.3 million of
financial support from National Institutes of Health since
2018 and establishes the PET-Radiotracer Translation
& Resource Center (PET-RTRC) to provide assistance in
the development and clinical trials of new PET drugs in
the USA. Additionally, they hold related workshops to
meet the objects of PET-RTRC. The workshops were only
opened to domestic researchers in the past; however, it
was opened to foreign participants in 2020. Because the
USA and Europe policies for development and clinical
use of PET drugs are always important references for
Taiwan researchers working in nuclear medicine fields, we
attended the PET-RTRC workshop this year and collected
the latest information, which includes current US
regulations/bylaws in compounding and clinical trials of
PET new drugs, the procedures of documental applications
and facility requirements of on-site preparation of
PET drugs, as well as the differences between current
regulatory situations of Taiwan and the USA.
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WUSM) HHE S FR e S R TR I 92T (Mallinckrodt
Institute of Radiology) FY—#B4y » MEBA T X%
HUORYER R ES ~ 2 R ISR B 2ER 8 - A
SR T Lt A B A IO 2 B g2 Y) T T RO B E K
Ba RIS SR - e 1 b PR A A i 7 B Iy
Fi] U PR B 5 BE YR A B e - DAfE AT Y
IEFEEYIR R IR ERELEN - % » PET-
RTRC thEd SR 2 (H AT 7EBLAL T T F - DU BY
ity BELAZ A TE - SEV R BT AL I e Ry RS - SE 8
138 6 B S5 B MK o e o O A SR AT Y 245 8
flir )1l R B R By

H i » PET-RTRC T # B £ & 7 8 B {7 &
WF9EEESE - 1 H il E 22 2 8 Bl B 43 Bl an
T (1) L PREE KRR L A — B
(University of Illinois at Urbana-Champaign) {7
J#3E KE (University of Wisconsin) 5 (2) 25 & 115
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DB ZE R 2 O EE YR (post-myocardial infarction
remodeling) / Jiii & #AB&EFE (Massachusetts General
Hospital) ; (4) 551K Bl Ik 8 1k, BeL )y ] ft B Bl A}
2 K # (Oregon Health & Science University) ;
(5) FE/INAHH e it Jes 6 2 i B2 — L B 0 i
(Memorial Sloan Kettering Cancer Center) 5 (6) 1
ERARIVIE / WUSM - A Bl Bk 1 iff 52 B8 A7 5 7] R
AR & 7E R M % £ PET-RTRC & T B -F 48
(michellehoelscher@wustl.edu) * 5§ PET-RTRC A
Lt - AR R A TR -

53— 771 » PET-RTRC th 2 {it % Sk 5 A IE

Table 1. History of US PET drug regulations

TEEY) ( HAiHeHt o M EAIFTEEEH ) DU RS

E—T RS EE - Hise EEE A
ATF (1) Bk = BRI 52, VC 2L B K2 (University
of Pittsburgh) ; (2) FF /Nl A il #5711 o K 22
(University of Southern California) ; (3) i #% 2% %
/& M K2 (University of Pennsylvania) ; (4) 95
ARENARIEAL., PEAR LR EE 2B (Icahn School of
Medicine at Mount Sinai) 5 (5) i s/ B ] {gt
FRELELE KB ;5 (6) CD36 A % B I ThRE I
9t/ WUSM -

AR IR 52 3 Bl vy BT N A o el O I B PR A B
ER i G EEYIB S - 2R EEYIER IR B
O i BB it 57 R - A R B kRl
KA LU R R IR I e S E B B oz — » LAFE it
B A B HTHUEL B8 43 T-32 8 (theranostics) Ffli

2. REBH
2.1 SEBIIE 480 ~ IR RS s B IE

Current Good Manufacturing Practice

(cGMP) fi&i 4y

% B I 1~ BV R BL A JR FH P JT 1993 4
FAAAHIE » S (EBIEEH ) (United States
Pharmacopeia, USP) Bl (BHFSEFIER) (Code of
Federal Regulations, CFR) i€ T 1IEF2EY) 8l
BT (Table 1)

A CFR %8 21 & Part 212.5(b) (21 CFR Part
212.5 [b]) g R HTE R IET-2EY) [1] - HEUERR

R (PEICAE ) S

1993 SEBIZERTT7 € (America Pharmacist Association, APhA) il %E T 1% 5 845 T /E kR &

1996 KB % TR B & (United States Pharmacopeial Convention) R # 1993 £ APhA il € Z Fi & - A
United States Pharmacopeia (USP) i <1065> fifult 1 FHBIE 7292 A&

1998 EELENZ B G USP ZHT <1065> BEH 5500k USP BEHf <823> Wi ¥k E R T IE T 22935 MA
ﬁ

2009 EEEMEYEMSE (U.S. Food and Drug Administration, FDA) 2845 (IFEFIEIR) (Code of

Federal Regulations, CFR) 5 21 ¥ Part 212 (21 CFR Part 212) > Bl { 1IF 7-3U8E (8 R AGEHT)
(Positron Emission Tomography Drug Products—Current Good Manufacturing Practice [PET Drug-

cGMP))
2012 (IR T R NBGENIH) (PET drug-cGMP, 21 CFR Part 212) IR - Horb o A EERRRHGE

TR SEY) SR ML AR5 P R B PR B o 1758 - HLER PR B (50 o BV R 67 P A 7 HH
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B &5 CFR 26 21 % Part 212 & (IETHUBEE R
BUE R ) (Current Good Manufacturing Practice
For Positron Emission Tomography Drugs, cGMP for
PET drug) [2] » BHT R USP Z fi <823> (IEF
ey R Bl R BT ZE M A ) (Positron Emission
Tomography Drugs for Compounding, Investigational,
and Research Uses) [3] * 1ET SVl IR BB n] #CFH
CFR %21 B Part 312 CGGREEHIHTEE) (Investigational
New Drug, IND) 8 CFR 2§ 21 % Part 361 { &%
T ZE Y WE 92 Z B & ) (Radioactive Drug Research
Committee, RDRC) & & HEFT H A BL K% - LLEK
7 ABEBS (Figure 1) [4] © L3l DL CFR 56 21 #
Part 312 HiE5 IND » 8% CFR 2§ 21 # Part 361 HiE§
RDRC #uE 2 IE 1389 - HELEYHTT G CFR
21 # Part 212 (PET drug CGMP) 5, USP <823> ¥
B - M IND Bl RDRC Z ZHIIHGR I 3% IET 359
ARRZE HET RSl - A3 L E RS IND R
18 CFR %6 21 3 Part 212 (PET drug CGMP) “EJ -
KBTI ARG EE - BR T —fiHY IND DUSE

W SRR GBI & (RFYERIR 1/100th SEER {E H]
Pl o FLE KT B AN 100 pg) M FOB S 32 IR
B [5] 0 MM Ry PR M A s BT 2E (exploratory
investigational new drug, eIND) - H FEHHM K #E

[Radiopharmaceutical

First in human?

Intent to Commercialize?

No, research only
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¢IND IND [ Academic Institution J

FDA Approval

RDRC Approval
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Research Study

Figure 1. US regulatory pathway for clinical trial of
radiopharmaceuticals [4].
eIND: exploratory investigational new drug; FDA: Food

and Drug Administration; IND: investigational new
drug; RDRC: Radioactive Drug Research Committee.
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AR R R SE B & (1/100th) - 275 T B 3
en R AEBHES - HE A H A A58 i A s e
HE -

B Sl - KR CERAT 380 8 RAGE AR A )
(Current Good Manufacturing Practice, cGMP) »
USP it Bk 1 At A Al 6 50 A B~ 35 ~ 8%
i B ER R FAHRR AR A [6] - HorP o DURVELREE (M
TR ) BN CAE B 27T B s B R E Ty cGMP B
SERME AN A BGERHY— R - T IE T3V BISh
B EGEENE NS - ERAMARAR - Mahfk
ABREEAT B R EGS B B E fh 2
B0 LGSR B A5 £ o B S BE AR < R e A T
Dl B8 5L E R M - HIsBThi USP FEff <823>
BRI 7 BB 2 55 it B st Gk P R A ) DA - 38
B ER 1T 2 MR IR Tl 15 AR T il o T T TR R RS
AU LA i SRR [3] » JRRIDABI AT A
(International Organization for Standardization, ISO)
ERAESEE AT IE T S BE BRI & S ik (7] 0 HAS
R E i B R B EE i A 2 (A UAH AR (Pharmaceutical
Inspection Convention and Pharmaceutical
Inspection Co-operation Scheme, PIC/S) Ft &1 & Y
PIC/S GMP f7HE [8]

2.2 IE 1S5 R 1 0 v 1B B ek

S el fE B gE R AE vp - AR TER —YITAE
PA5E AR RS R R 4 S TR ) i e 0 T L 3 R 5 4
(R VR R RS B 3 -

PR B 2V R B RS SRR - KSR 2k
EIRA RS B R B G AEE K] I 0 B8 = o i K v 4
TR BEEA B - Hte A SR EE = SR L 2R AL
HIEIT (Figure 2) B B ME=MEYICHE -
If] Figure 2 ] 5L » SEERHE N BV S K R TFAR
P B L REEAE ARTE > FREERE
OB MEX - FREFEHFRELFE
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Gowning

Imaging an visible wall

Hand Washing

Use nail pick Use antibacterial soap and scrub hands Dry hands and forearms with paper Check with mirror
and forearms for 30 sec towel. Do not touch fauccts

Figure 2. Production Facility Hand Washing & Gowning in Washington University School of Medicine Cyclotron Facility
(Positron Emission Tomography-Radiotracer Translation & Resource Center, Regulatory Workshop, 2020, February).

SERNESEHE AMEEE = ot B IR RO AR HE A H B Y — TEHIGR » FH DR R JIE 2 A A0 BT ) 7
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Initial Aseptic Training: Equipment

ISO Classification Number of particles generated

1SO um Particles / m3 FED STD Number of Particles or
Equivalent
d Moving arms an hands 1,000,000/min
m 100,000 23,700 10,200 3,520 832 {29}  Class 100
Sitting < Standing 2,500,000/min
1,000,000 237,000 102,000 35,200 8,320 293 Class 1,000

Walking 10,000,000/min

1SO 7 --- 352,000 83,200 2,930 Class 10,000 )
Sneezing 100,000 - 200,000
1505 | Ll

Dispensing Hot cell Isolator Laminar Airflow Workbench ISO class S Certification
’ ¥ ek Vertical Hood
(exhaust)

HEPA
Filter bl
_fair suwply)

Glass
«—— Shield

Figure 3. Clean room classification (International Organization for Standardization, ISO) according to the US positron
emission tomography (PET) drug—Current Good Manufacturing Practice (cGMP) regulation [3].
WUSTL: Washington University in St. Louis; FED STD 209E: Federal Standard 209E.



SN+ HrHE N B DA ZE 5 S A TR R B B B g R
12 o EEFEE A REET TR IR F3E -

i BRI IEE 50 - BE A B AR E T
fix USP Z£fi <823> HyHIHiLL SO Sk i 77 S B ==
R MEEREE N E RN EL  Af
ZERURII ~ T B LG R AHB L (Figure 3)
(3]

2.3 TEFEEYE R HT A N0 I R A8

8 B &R

QI Ffr st - 5 (B S 3 0 B PR Ak B A s
28 HA— KB A2 HIZHHES IND B eIND
(Rule: FDA21 CFR Part 312) * 5346 » QNEZ TR &
Ve HAb AR EEER - JIA] A RDRC HIEE
17 ABE3ES (Rule: FDA21 CFR Part 361.1) (Figure
1) Ifi &6 IND I - Gl % F fg i iF 2 Bk
& HRIR I e H & - L2 BUEE H (chemistry,
manufacturing and control, CMC) » 35 7] & FF fli
(radiation dosimetry) B354 35S (toxicology) EHt
1 EFF A F (investigator’s brochure) (Figure 4)
[9] -

AR IND HY B T 281 HL A 7 BOE A AR I HT
ik USP % §ii <823> Bk # CFR 2 21 55 Part 212
LR - Horr o CMC TR C A B SR YR
&~ I BLEE SOP ~ mETEE ~ AR fEERK -
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( Pre-IND Meeting FDA * ] Iy
i
& %
[ Toxicology I Dosimetry ]
il mass limit il It it
dose

Clinical
+Protocol (ICH)
+Consent Form
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Quality
Documentation

Investigators
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Only for multi
center trials
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Review Board
approval

¥

May Proceed Letter
Study Initiation

Figure 4. US regulatory pathway for First-In-Man
radiopharmaceuticals [9].
IND: investigational new drug; FDA: Food and Drug

N z
o

Administration; CMC: chemistry, manufacturing ,and
control; .

HIBEI YRR T E R ~ =R A e Rpas kB
BEY L 58 PRGBS K B M 8 UM (Figure
5) -

2.4 T B BLGR A% BB ) 7 B A
Bl AR IS - TR SR e B 2

R 25 B SE V) P S R A i B L R - O R AU i
St P BE ) I BF 52 o B R 1 o B ) R 22 s R R

IND or Exploratory IND Chemistry Manufacturing & Controls (CMC)

1. Written raw materials specifications:
a. Specify Grade (e.g. HPLC Grade)
b. Certificate Of Analysis (COA)-specify
receipt from manufacturer

2. Order/Receipt of raw materials
a. Control of raw materials-segregated area

3. Written Standard Operating Procedure (SOP)

4. Written batch record: list of materials
(ingredients)

5. QC Release Specifications

6. Equipment verification (e.g. balance)
a. Standard weights, covering range of use
b.Record Day of Use —instrument log book

c. Maintenance—record instrument history in
writing

& Washington University in St.Louis

7. Written precursor characterization requirements
--NMR, Mass Spec, HPLC, CHN or Mfg. COA

8. Three (3) Consecutive validation runs

9. Stability analysis for 3 runs — establish
expiration

10. Prepare written CMC

MIR Mallinckrodt Institute of Radiolo

SCHOOL OF MEDICINE

Figure 5. Investigational new drug (IND) or Exploratory IND Chemistry Manufacturing & Controls (CMC) (PET-RTRC,

Regulatory Workshop, February 2020).

CHN: Center for High-Rate Nanomanufacturing; HPLC: high performance liquid chromatography; QC: quality control;

NMR: nuclear magnetic resonance; Mass Spec: mass spectrometry; Mfg.: manufacturing certificates of analysis;.
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fiti » IRIE - TR SE IR e DAY (KB T/ NEE )
HETTEEYIEN IR E B - EHER AR AT 2 R
& o M RERATIEA T B EE /N 100
ng ISEY) » AMEEEEGEST B — P T H AR A ]
Hpp BB At R AL - Bt HEYEE
SV P 8 73X~ BB A 10 B A A R R R A T
S o Ho o YRR TECH SEY) B R B T /Y 100
ng » HAEA &5 [EEEREA - [RIBERIATER A B —
Pl g B A DU HL s B AR ]

3. TEBH
3.1 & IE - 55 Y B I AR A I 1 5 P e £
7t

BT~ F R R B (BB T ) 25
B RIELA B B S HE T S R A% 18 26 10 HL
a5 AR e Mk 2 A 17 26 2 1E 1 RO A% -
FHERC O 25 B B & e i - DABR 5 5458 A
TRESBEY) - IO - HIRE 814 (PEIC 1992 4F)
2 LR R P T E % % H AR F e fnsE 25
vl 5| R R e I AR - MRS IE
TEEYIH B & R DT IE T SE V) Br 38 Bl AR 7 -

5 ZEITA 9 Fr e el e i &5 Hh o DL E
EERFL AT IET YK - 535 BT E4EE
B ZE P R BURF 3& < B A o2 B — RO B g o2 b
2015 FEEAHH R IET WSR-S K
HHE=F - LA, - BIPY R AR O S5 Y)Y
TARZERTT -

— i AREL R IE 1 B IR B e o AR B
Z2FWEIEHMEE - L8 - CREXEHEL
Jr % (Table 2) - BLFE R ZEH AT USP ~ (BN ZE
HiL) (European Pharmacopoeia, EP) BY, { THHE gL )
(Chinese Pharmacopoeia, ChP) E.# 2 IET %Y

Table 2. History of Taiwan PET-drug regulations

andE o BB FE NIRRT » BT AR R
R EE A EE AT A TR [10] -
SR BT R I T SE YA el R Sl e B
A S AL - AR KRB 88 - (PHIT 1999
) N KL B TR I S DR B B B R R B T
Y 1 8 o o A B E I S T 2 hOA o 54 0 i
A NEA S R EEY)E B 5 (Taiwan Food and Drug
Administration, TFDA) 2+ 108 4 ( P4 JT 2019 4 )
I B R B FR AR E AT - ISR 1 B
KB o T HEERR Al Y+ Pl B S i R — A 5
VG RGBSR RE P AH A tht 2 i ARG B Et &
AR TSR A A B EE L AR R0 (Center
for Drug Evaluation, CDE) HIEEF& » fEREART &
FhZ SEBE T - F IR TFDA $2HHES - F54€ CDE
Bl R F AT EGEARE - I TFDA LT
HIZER AR AR E 5 AT T (Figure 6) [11] ©

3.2 IE ¥ SE Y B A 1 A 1L B it

BT T Y R g 2 e
[ G ¥ 5 M B B & 09§l R BL 38 B PET Drug
Products—cGMP (PET drug-cGMP) tH[E - 53—
T B 2013 421 H 1 HEIEZE PIC/S
B MEH2015F 1 H 1 HE - 2@ 0EE
BT 2RI 58 B E i PIC/S GMP » TFDA B3 —
& 2F 8IS (PIC/S GMP) FH AT P 4 it B 4 P
MHBEHTEAM - JRRN (PUsEgEsL B REGEHE) (58
—& ~ SR ) (PIC/S: Guide to Good Manufacturing
Practice for Medicinal Products (Part I ~ Annexes),
PE009-14, 2018) [12] °

X1 > TFDA H T {EANME DL —fik SV 8 & 5K
EEEEOR BRI E L I 758 ( B
S B ) HOBGE - AR (PHEZESENIE R
SERLE) CEE—8 ~ BRI (PE009-14) R 3 (fik

R (PEICAE ) N

2003 A g R TR F A R R SR TR

2015 2:# %W PET Drug Products—Current Good Manufacturing Practice BIIFEIEIE (BrE i
TEF U R RSB E S LB )

2019 T bR BB g 1 1 EF IO R R AR EETE B R i E 67 218 REEE

ESiELY

PET: positron emission tomography.
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Y ok MLBHBR LR F AR
WP A A
¥
R 81 BRI R AR A % B A L E
—» ttEEF P &
I TEY Y Y
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TH4EAH
M HEEHE
(7 2R A7 3 4
B A 0
ki Lol
i 7 A & -
T
ik SRR BB
¥ & 44 SR NI
L R T PP “
——4$m$ﬁHL v
530 L 3
FlEWiT |«
SR 1
EEEEEE NEEE TEE S VTSR
&

Figure 6. Taiwan regulatory pathway for clinical trial of pharmaceuticals [11].

BIEEERELE ) RBIEIAN A & - PIC/S (ZFT LA
B HI % 75 55 4 o 1 R B A P S L 1 LS
HLE (B0~ MEHT) (PE009-14) RT3 - gk
PR 2 i B — e B AN ] - ELRR R
BINEEIRIE o JLAL o ol (PEgEEE IR RELE
FE)  CE—F -~ BRI AR SRS Gk — ik g g
J (industry * SCEE#RSE © PE 009-14, 2018) » 75 %
SRy /N BEBE BT (healthcare establishments)
HEUHEEY) R RO AT S - 2R & 5 he
FenmE 2§t »+ HILLPIC/S GMP (PE 010-4, 2014)
T 3 #HHABERE (healthcare establishments) HYHR
PP R lE & [13]

3.3 IEF 2P I R G5 L Bl

(B T T S ) it DA o B v R B — iRt 8 L R TR
TR I LR EIT (Table 3) » HAIRAE & B
B SEYIR R T 8 2 i - RIBL 107 4F (V57T
2018 /) » CDE AEABEEEEH H FIrh (BER
RAZBE G BE BB ) — SCRFA A i BR SE Bl

= T R G B B B0 [14] - v B R St R 56
SR 7 Y TS 1 S L 22 R T T Ry R P R o B
FHEEEE - fla0 » AERIR Sy cEEYE - R
TIUE S SE VI SC B RS I - S E BT ST R
PREEE (WF9EE BTTRRRERREEEZ » Investigator
Initiated Trials [T1Ts]) S2EHIZ] 58 — MR IR s &
AR - JREN RDRC DL A% 35 26 37 1Y ik 4 55 1
ANBHRER RS (Figure 1) » FEEBUNELEMN th G2
APEE [9] - H 2 HATSFEE U Y2 LITs » A
EMEMEERHE T ELNERZESY > 2D
A $5F BB IND 5 eIND &£ o (Kt - SIT4E
OSSR ki F R IR -t A R s
FARIRY IR < BRBIREESR - IR 107 5 (PHIT 2018 4F)
CDE e, BAE T B U 1 58 i B ) HR
ih IND ¥ » b2 ~ BEUSEES] (CMC) ~ ZE8) (PK)
KEEFHH (PT) JiHESR AL B &R 2 ) 1Y
RS EEAERITTE] - A O 1 2
i IND e Z Befin i RN A% 2% £ 6] FDA
TR

73



Annals of Nuclear Medicine and Molecular Imaging 2020;33:67-79

Table 3. The regulations related to clinical trials in Taiwan

EH

01 (Beik) (B 10741 H 24 AEBIE)

02 (BEEEFEITAIRN) (RE 106 F 12 A 12 HIBIE)

03 (AR E L) (KRBT 10545 4 H 14 HEEIE)

04 (ABEWIZEE) (R 108 £ 1 A 2 HIBIE)

05 (AR Aol s BRG] ) (B 101 4 8 H 8 HIEIE)
06 (BEFEE) (KRB 10741 H 31 HIBIE)

07 (SEFLHEITHIAD) (BB 10549 A 28 HIEIE)

08 (8 LB LR IRRABRYER ) (R 103 4 10 H 23 HEEIE)
09 (EEaL AR G Al A ERl) (RE 108 /2 H 14 HEIE)
10 CEEPIRR I A B ) (R 108 - 4 H 11 HEEIE)
11 (EEYIE R ARMRE) (KRB 101457 H 31 HIZIE)

ERT - B 7 5 [ HERI S5 TR K H 2 42/ 1R
TEEYRZER AR - 2EHESEETME
ETEE IITs - 2A0M - R H A2 EE U —
it SE 3t 31 Y IND 2K, eIND i IR 558 5% FR 35 %A%
BEBEIMTEITHEN UTs FFERNAEF AT
ZIEFEEYGIE LU TR LB R HAY - HAE
R B2t oei - (HAETERIEE B A ST B & JEARR -
T U0 75 L5 Tl TE - 3E LAY IND FH 3 @R 8 -
AET & T 5 MG JE N Fh B T HE A S - [RIDL
BT 1ITs B 821 2 F R 1 R LIS EE 1
B TFDA ] 25 £ 6] » BONSIRMNIEE » BOLE
PRI B S5 R AR IR A » AL E
B~ RDRC &% (Figure 1) » NMERDIFTE A LE
LS A - B DUF (3 A il DA 2 i B sy 25U il S
YIRIWT e a8 -

TS » B LRl » Bk g 4=
BRSBTS S E SRS 0 R
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DA 1F v S S R e 12 e L LS LE - A I
PRI SO 1 5 it o 22 B DA B P T i B [l RS L, -
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TR AR B AN IE TS FE K D - [KIBEAE
National Institutes of Health {872 F » WUSM

4.1
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=
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7 8% 2 BA 2% BLER PREA BRI 5 - SOBEE - i
PR % BE S E AT 9 RSB o e s 2R ol
DUR RS2 i 22 18 B8 e i FE P i Z IE 135 - A
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B4 (RETRAZRENTZERT ) - (HIE 9 KRB B fEinE
gLy o HURE AR BE 28 BY IE T 2EY) - Wik T HERE
DUFE R R ER IR o SR 38 26 fix HL Fi5 A5 A RH B T
YIRS - Al Rt 508 HERE -

BEAh A I R 5 BBk B v A - BR R
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A1 B8 B 30 i 52k 25 RE 82 PR 1 1T 46925 AF . Ga-68 Bl
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5] A3 ST T S T B S A B2 il <7 TE R
B H 1S e sl e sl 2 0 o IE ¥ BLEESE R
% DA ACE2 RN 35 - 53 DU SER B b e 5
HEAE o LSS A O A T e HA B B > -
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Table 4. Comparison between Taiwan PET center and WUSM

Comparison of Clinical PET Trial Between Taiwan and U.S.
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PET: positron emission tomography; WUSM : Washington University School of Medicine; N/A: not available; cGMP:

Current Good Manufacturing Practice.
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Figure 7. Current challenges of clinical radiopharmaceutical implications (Annual Congress of the European Association

of Nuclear Medicine 2018).
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Figure 8. The relationship between personalized medicine and nuclear theranostics.
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