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Bench to bedside:

translational nuclear medicine research
and clinical theranostics in PUMCH

Pro. Li Huo,
Director-of Nuclear medicine-department,
Peking-Union Medical-College-Hospital Beijing, China.
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The 23rd International Conference on Cyclotrons and their Applications (CYC2022)
Dec., 5-9, 2022, on-line
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» Peking Union Medical College Hospital was founded by the Rockefeller Foundation in 1921.
» Over the past 100 years, PUMCH has been leading the advances of modern medical sciences
in China, and being ranked 1 in the nation since 2009 to 2022.

 PUMCH motto: Precision, Perseverance, Diligence, and devotion
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* Nuclear Medicine department was founded in 1958

* Equipment for imaging: 2 PET/MR, 5 PET/CT, 8 SPECT/CT and 2 SPECT. Equipment for
radiopharmaceutical synthesis and research: 1 Cyclotron, 1 Micro PET, 2 Generator (*?Mo-
PmTc/%8Ge-%8Ga) and 10 hot cell.

1 ward(10beds) for radionuclide therapy

More than 50 research projects

' — More than 10 isotopes and 90 radiopharmaceuticals are employed to support clinical and
Faculties and staffs of NM (2021) researCh WOFk.

« Ranked 1# in in all China’s NM department since 2015 to 2022.
s el asadan: Clinical work per year in NM department (case)

including secretaries, research staffs,
visiting scholars, Ph.D and Post Doc

staffs, 20, professors, 12, 17%
28%
2019 2020 2021 2022 (1-10)
PET scan 11127 9248 12871 10678
Residents and
fellows, 14, SPECT scan 23248 17250 21406 17056
daas R Nuclide therapy 4245 2189 3722 2619
= radioimmunoassay 64681 39993 60432 44452
Technicians and nurses, 21, 29% 13C breath test 66228 29006 53836 46226 Director: Pro. Huo Li
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Radiopharmaceuticals for clinical and

research imaging
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f8Ga-3BP-227

EE 68G4 99mTc ENYille 131
(Since 1998) (Since 2012) (Since 1980s) (Since 1998) (Since 1958)
1 |"F-FDG 8E_FES F8Ga-DOTA-TATE °MTc-DTPA >N Ammonia A
2 |(S)-"®F-FBFP 18F-FEL F8Ga-DOTA-RGD " Te-MAA "C Acetate 311-MIBG
3 |L-5-(2-["®F]fluoro ethoxy)tryptophan '®F-FECH 8 Ga-DOTA-EB oM Tc-MDP ''C Choline
4 |AI"®F-PSMA-617 8F-FDS f8Ga-NOTA-PRGD?2 oM Tc-MIBI '"C Methonine
5 |AI"F-NOTA-LM3 'F-FDDNP 8Ga-NEB o™ Tc-OCT "'C-B-CFT
6 |AI"®F-NOTA-FAPI-04 "8F-FCH *®Ga-DOTA-Nerotension  [°™c-SC "C-PIB
7 PF-Fluoroacetate 8E_Fallypride F8Ga-BMV101 oM Tc-PYP ""C-HFC
8 |"®F-B-CFT ®E_DPA-714 8Ga-CXCR4 "M Tc-ECD
9 |"®F-XTR004 '8F-BPA f8Ga-DOTA-TATE-RGD 9" Tc-HIDA
10 |'®F-T807 (Fluorine-18 flortaucipir)  '®F-Av45 (Fluorine-18 florbetapir)  [®Ga-DOTA-EB-TATE M Tc-DMSA
11 |'®F-SFB-VEGF "8F-AV1 (Fluorine-18 florbetaben ) [F®Ga-DOTA-BBN-RGD oM Te-HSA
12 |"®F-P10P 18F_Al-NOTA-TATE F8Ga-DOTA-TMVP1 oM Tc-GSA
13 ['8F-MK6240 '8F_Al-NOTA-PRGD2 8Ga-exendind oM Tc-RGD
14 ['®F-MFBG 8E_Al-NOTA-EB 8Ga-RO1 °MTc-CNDG
15 ['8F-L-DOPA 18F_g °Ga-JR11 oM Tc_FAPI
16 ['8F-FP-CIT 18F_1799 *°Ga-FAPI 99 Tc-H-PoFP,
17 ['8F-FPA 18E_MK6240 °Ga-PSMA
18 ['BF-FMISO BE_FP-CIT °Ga-DOTA-LM3
19 [®F-FLT 18F_FET *°Ga-RM26
20 ["®F-FHBG °Ga-FSDDsl




Radiopharmaceuticals for clinical and
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 For preclinical research: 188Re, 89Zr, ®4Cu, and 86Y.
* For radionuclide therapy:

131, "Ly Dy 89g, 223p4 32p
(Since 2017) (Since 2002)
1B1-MIBG 7L u-PSMA POy_TATE
137) 77 u-EB-PSMA
77 u-TATE

77| u-EB-TATE

89Zr-anti-CLDN18.2 VHH
Whole-body microPET/CT imaging of 89Zr-oxine EPCs Y WE ®

in health rats. =
sy TE-FAPI-04 10 8Y-TE-FAPI-04 ‘
k 9\ ﬁ( g/mL 1.5 = | jver 7
A y -y FES LA T
‘ L _ ' £ —* Kidney °
%’1 .0 Blood ﬁ -
P -+ Muscle
3 ‘ 50-5 -e- Tumor mean
“7 ’ ’ 5 i _;——7 -6~ Tumor max
L. A ? o4 :
6h 12h  24h 0 T'12 ) 24
ime

Ih 24h ) e 254h il A EARY AR §‘;m~
Ding, Jie; et al. 86Y-Labeled Albumin-Binding Fibroblast Activation Protein Inhibitor for Late-Time-Point Cancer Diagnosis. Molecular Pharmaceutics, 2022, 19(9): 3429-3438.
Hu Guilan, et al. Development and comparison of three (89)Zr-labeled anti-CLDN18.2 antibodies to noninvasively evaluate CLDN18.2 expression in gastric cancer: a preclinical
study. *Eur J Nucl Med Mol Imaging, 2022, 49(8): 2634-2644.

42. Yimin Liu; et al; Evidence of accumulated endothelial progenitor cells in the lungs of rats with pulmonary arterial hypertension by 89Zr-oxine PET imaging , Molecular
Therapy-Methods & Clinical Development, 2020. May 3;17:1108-1117



NM translational research stay ahead
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of the NET theranostic curve

Series translational nuclear medicine research on somatostatin receptor

1n-DTPA-D-Phe'-octreotide (1996) 9mTc-HYNIC-TOC (2001) 68Ga-DOTATATE (2010) 68Ga-DOTA-JR11 (2018)
T L
¥ : . =Y - -

e ” > ¥ M j‘ +¢ é’
¢ L - g =

2 = wmBe  CTeTOC #mTe-TOC e i < . - ]
99mTe-MIBI (preop ) (postoperative) *"T-TOC () FDG PET (-} %Ga-DOTATATE PET/CT|  %Ga-DOTA-TATE Ga-DOTA-JR11

1n-gctrotide

0Y-TATE (2002) 177Lu-DOTATATE (2017)

Unique in China:

#9mTe-HYNIC-TOC scan guiding PRRT of Y-TATE P 24h 720 120n 1680
ocr % -
h‘ '% : 2! » s
| ! % ﬁ “d 9 %ﬂ a
: -8
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Pt
-

B By BN BN
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2017.8 2017.11 2017.12 2018.1
\ 19.5mei 53.2mci >
Representative images of a 62y-old male patient at 2, 24, 72, 120 68Ga-DOTA-TATE PET/CTM77Lu-DOTATATEATITi73

and 168h after intravenous administration of
7Lu-DOTA-EB-TATE (19.5mCi)
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Vol.61 = No.6 = June 2020 Vol.62 = No.10 = October 2021

IMPACT FACTOR MPACT FACTOR
1 NucLEAR MEDICHE, "
MOLECULAR IMAGING ANO

AOLECULAR RADIOTHERAFY
Joume. The Journal of Nuclear Medicine The Journal of Nuclear Medicine

20205556

Featured article and cover im l Featured article and cover image
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PSMA hybrid molecules: creating a second generation of
PSMA-11 agents with enhanced pharmacokinetics and imaging
capabilities. Ann-Christin Eder et al. See page 1461.

= ‘ Targuting giucose Tptake-associated g
nK

o5EF
tumors in prostate cancer, Martin k. Bakh ot a a1 e

the C
T R i . st e S S

..|||.||||.v”' ittty

BN | value, -
MR initiatie




Translational medicine is critical for
complex severe and rare diseases. @~ 47 T

PUMCH, national center for complex, severe and rare diseases

* Pro. Xiaogian Zhang , famous professor and internist in China.

* He diagnosed the first case of tumor-induced osteomalacia (TIO) in China, a rare paraneoplastic syndrome clinically
characterized by bone pain, fractures and muscle weakness.

* TIO lesions are typically small, benign mesenchymal tumors that may be found in bone or soft tissue, anywhere in
the body. Locating the tumor is critical, as complete removal is curative.

* However, localization of the lesion is challenging. Only 30% are superficial and can be palpated, while the remaining
70% are impalpable.

» Step wise locating of the culprit lesions is critical for the patients with TIO



SSTR2 imaging help localize TIO
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A series of translational research work promote 5
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MDT for complex, severe and rare diseases

18F-MFBG 1 1311-miB6

3

w ~ ~ -
| Before(Sep,2020) 1 cycle 3 cycle 4 cycle(Dec, 2021)
2021-8-23 2021-8-19
18F-MFBG shows higher sensitivity than 13'I-MIBG in staging """Lu TATE for patient with advanced GEP NET

primary pheochromocytoma and metastasis.
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Cohort study on insulinoma detection and '-'5‘
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localization with GLP-1 receptor imaging

Data from PUMCH (~300 patients)
The Journal of

NUCLEAR MEDICINE

Glucagon-Like Peptide-1 Receptor PET/CT with 68Ga-NOTA-Exendin-4 for Detecting
Localized Insulinoma: A Prospective Cohort Study

Yaping Luo, Qingqing Pan, Shaobo Yao, Miao Yu, Wenming Wu, Huadan Xue, Dale O. Kiesewetter, Zhaohui Zhu,
Fang Li, Yupei Zhao and Xiaoyuan Chen

68Ga-exendin-4 99.1% 100% 99.4% 100% 98.2%
CcT 80.7% 83.7% 81.6% 92.6% 63.2%

MR 78.9% 77.3% 78.6% 92.3% 51.5%

BUS 79.2% 80.0% 79.3% 95.0% 44.4%
SSTR 22.8% 97.9% 47.3% 95.8% 38.1%
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localization with GLP-1 receptor imaging

Data from PUMCH (~300 patients)
The Journal of

NUCLEAR MEDICINE

Glucagon-Like Peptide-1 Receptor PET/CT with 68Ga-NOTA-Exendin-4 for Detecting
Localized Insulinoma: A Prospective Cohort Study

Yaping Luo, Qingqing Pan, Shaobo Yao, Miao Yu, Wenming Wu, Huadan Xue, Dale O. Kiesewetter, Zhaohui Zhu,
Fang Li, Yupei Zhao and Xiaoyuan Chen

68Ga-exendin-4 99.1% 100% 99.4% 100% 98.2%
CcT 80.7% 83.7% 81.6% 92.6% 63.2%

MR 78.9% 77.3% 78.6% 92.3% 51.5%

BUS 79.2% 80.0% 79.3% 95.0% 44.4%

SSTR 22.8% 97.9% 47.3% 95.8% 38.1%




Characterization the functional status of Adrenocortical
Masses using CXCR4 receptor imaging

Huo L, Ding J, et al. Eur J Nucl Med Mol Imaging(2020) https://doi.org/10.1007/s00259-020-04722-0
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Masses using CXCR4 receptor imaging

68Ga-pentixafor PET/CT determine aldosterone-producing adenoma

SuUV CXCR4§12|SzEG B{BEXZ (GPCR) 68Ga-pentixaforSCXCRAZFISR LS
15 R T A T ¥ &8 s°Ga-pentixafor
Tl G*C;?*b‘
[
SAT: EEXSLIRERAER A: APA
SAT SAT
Fusion IR
A Wb Ve
~JcxcL12 QYRA1B2 "~
FoLIRERRIEE
0 et Fusion S A L T R CXCL12- . |cyP11B2

Huo L, Ding J, et al. Eur J Nucl Med Mol Imaging(2020) https://doi.org/10.1007/s00259-020-04722-0
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Non-invasive NM technology to help Py

diagnose and classify cardiac amyloidosis

39mTc-PYP were employed for Cardiac amyloidosis diagnosis and classification since 1970s

International journey of NM imaging application in cardiac amyloidosis
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Table 4. Standardized **"Tc.PYP imaging protocol

Tim

H maging Time: 64

A

e Scan

- 2NELEETRLORATIR

0”1.’..'““
Minutes =
0% 15 30 45 60 s % 105 120 135 150 s im0 195 2

m.,...w.,..,.m.,.w. . @ s

Py il . mmwn-inmuxﬂ (i)
SRS HSAR RN

mTePYP 10 MGl
Study Time: 80 min
Imaging Time: 20 min

Bokhari S, Morgenstern R, Weinberg R, et al. Standardization of (99m)Technetium pyrophosphate imaging methodology to diagnose
TTR cardiac amyloidosis.[J]. Journal of Nuclear Cardiology Official Publication of the American Society of Nuclear Cardiology, 2016.
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diagnose and classify cardiac amyloidosis

: . 2019.8.30
2019.3.14 Health control imaging First patient with wild-type ATTR in China
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Development of NM technology to improve ATTRm g

diagnosis sensitivity and AL-CM risk assessment

| TE & K, (LB, EBAELENE, (UIE MRUSROIEEIESE |

(
A B
M smTe-PYP Rif ]
(HS SRR 4

J

| 3 | '
AAlE A A BRI A R §>. ' - - o el
B [Ai% B FHIE (2-3) B [Bt4E B PRI (1-3) X ; WAL i< -

[

iy e g S

FALTTR DM CHEATTR  p) jeppas

TR gy AUEHESE  Emaay &

# 75
54 “
v hATTR i i

S wATTR e, RERA o b 4 »
o & o Y e &
\ J L

99Tcm-PYP SPECT/CT scan
[armem| | arTRemiar | [we)




Development of NM technology to improve ATTRm
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diagnosis sensitivity and AL-CM risk assessment //’775
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Development of NM technology to improve ATTRm

diagnosis sensitivity and AL-CM risk assessment
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68Ga-FAPI for risk assessment

CMR LGE CMR Native T1 CMR ECV

11 C-PIB, 8 F-AV45 PET/CT scan
more sensntlve than PYP for ATTRm
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Set up translational corporation platform >y
with clinical department in PUMCH =
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Collaboration with universities, institutions, companr'p,)g and
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government for NM translational research in PUMCF¥)

Nuclide
production

. . . CHINA NATIONAL NUCLEAR CORPORATION . N
* Beijing Xiantong International Pharmaceutical + Tsinghua University

Technology Co., Ltd. + Beijing Institute of Technology

* Yantai Dongcheng Biochemicals Co.,Ltd. * Institute of Automation, Chinese

Academy of Sciences
I mage data + Nanjing University of
ana IySiS Aeronautics and Astronautics

» Peking university

+ Standford university
+ Medical college of University of
+ Beijing Normal University Vienna
» Fuwai hospital, CAMS. + Finland national PET center

* Huayi Technology Co., Ltd

National center for nuclear medicine quality control



Bench to Bed, characteristic of .
NM translational research work in PUMCH =47 =ommion

Strengthening basic research and developing new theranostic tracer
for renal cell carcinoma.

Carbonic anhydrase IX

%Ga-NY104
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