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Outline

• Theranostics (definition & goal)

• FRONTIERLAND
• Radioiodine (thyroid cancer)
• SSTR (NET)
• PSMA (prostate cancer)

• TOMORROWLAND

• FAP (pan-cancer)
• CXCR4 (lymphoma/myeloma)
• GRPR (prostate cancer)



Schematic Representation of an Agent for Imaging and Targeted Therapy

Molecular Ligands 
• antibodies, 

minibodies, affibodies, 
aptamers

• peptides (agonists & 
antagonists)

• amino acids

Biological Targets

• antigens
(e.g. CD20, HER2)

• GPCR (e.g. SSTR)

• enzymes & inhibitors
    (e.g. PSMA)

• transporters

Reporting Unit

• 99mTc, 111In, 67Ga
• 64Cu, 18F, 68Ga, 89Zr 
• Gd3+

Cytotoxic Unit

• 177Lu, 90Y, 67Cu 
225Ac, 212Pb, 227Th

• 213Bi, 211At

Courtesy Helmut Mäcke (modified)

THERANOSTICS
Targeted Molecular Imaging and Therapy

The Key-Lock Principle

Lock Key

pharmacokinetics/biodistribution modifier

ChelatorLinkerLigandTarget

Radioisotope
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Applicability of Theranostic Genome to 
Human Cancers

(cross-ref PubMed, MICAD, TCGA, GEO databases; 
0.4% genome; 1.3% protein-coding genome)



Particle Radiation Effects on DNA

Kassis, Semin Nucl Med 2008; Ritter, Nature 1977; Sedlack, Radiographics 2024

β particles

• Long range: < 12 mm; “e-”
• Traverses ~30 cells
• 98% speed of light
• Low-LET (~0.2 keV/um) 
• Single-strand DNA breaks
• DNA breaks easily repaired
• Suited for medium-large tumors

• Short range: 50-100 µm; “He (2p,2n)”
• Traverses ~2-5 cells
• 6% of speed of light
• High-LET (80 keV/um) 
• Double-strand DNA breaks 
• DNA breaks difficult to repair, lethal
• Suited for small tumors, micromets

α particles
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Radiotheranostics
Radioiodine

• Radioiodine as classic radiotheranostic agent (NaI symporter)
• Saul Hertz at MGH performed first radioiodine (130I, t1/2=12h) Rx in 

thyrotoxicosis in 1941
• S.M. Seidlin performed first radioiodine Rx in thyroid CA in 1946
• First experience with radioiodine Rx published in J Clin Invest in 1942
• SNMMI celebrated 75th anniversary of 1st therapeutic use of 

radioiodine in 2016
• SNMMI Therapy COE established Saul Hertz award

Jadvar 

Saul Hertz (1905-1950)
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Normal Biodistribution of 68Ga-DOTATATE
Hofman MS et al. Radiographics 2015
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NETTER-1

2017

• n=229 with WD (Ki67<20%) inoperable, metastatic or progressive (on octreotide 
LAR 20-30 mg q3-4w for >12 wks) midgut NET randomly assigned
• n=116 LuTATE 7.4GBq IV q8 weeks x 4 + BSC (IV octreotide LAR 30 mg)
• n=113 BSC (IV octreotide LAR 60 mg q4 weeks)
• Primary outcome: PFS 
• Secondary outcome: OS, ORR, safety, adverse events

NCT01578239



Jadvar NETTER-1Forest Plot
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• G2/3 (Ki67 10%-55%; G3 tumors 35%)
• 1L Rx; n=226 randomization 2:1 (primary outcome: PFS)
• LuTATAE arm (n=151): 4 cycles IV LuTATE 7.4 GBq + 30 mg 

octreotide LAR q8wks, then q4Wks post-LuTATE
• Control arm (n=75): 60 mg octreotide LAR q4wks
• PFS: 22.8 m vs. 8.5 m (gain of 14.3 m in LuTATE arm)
• BM AE in 3 pts, MDS in 1 pt (LuTATE arm)

NETTER-2

NCT03972488

2024



Metastatic Rectal NET
Hofman, Radiographics 2015

Pre- and Post 4 cycles of 177Lu-DOTA-octreotate + 5FU
Jadvar 

Pre-Rx Post-Rx
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USC Theranostics Center
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PSMA
Prostate-Specific Membrane Antigen

• Neither prostate nor cancer specific
• Type II TM enzyme (glutamate 

carboxypeptidase II, folate hydrolase 1)
• Secretory cells of prostate epithelium, SB, 

proximal renal tubule, SG, tumor 
neovasculature

• Undergoes internalization constitutively
• Overexpressed heterogeneously in met. / 

rec. prostate CA (1000x, ~2M/cell)
• Associated with DNA repair defects
• No expression in 5-10% of prostate CA

Jadvar 
O’DriscottC, Br J Pharm 2016; Paschalis, Eur Urol 2019; Ferraro, 
Theranostics 2020



Omlin, 2016 (adapted)

Dx & Initial Staging

Biochemical 
Recurrence Metastatic Disease 

Metachronous 
OM  MDT

Induced OM  MDT

Synchronous 
OM  MDT

11C/18F-Choline, 18F-
fluciclovine
68Ga-PSMA-11, 18F-
DCFPyL, 18F-rhPSMA-7.3

68Ga-PSMA-11
18F-DCFPyL, 18F-
rhPSMA-7.3

68Ga-PSMA-11, 18F-
DCFPyL, 18F-rhPSMA-
7.3, FDG

Molecular Imaging 
Landscape



PSMA PET

68Ga-PSMA-11
(Locametz; Illuccix)

18F-DCFPyL (Pylarify)
(CONDOR, OSPREY)

18F-PSMA-1007

Approved 12/1/20 Approved 5//27/21
18F-rh-PSMA-7.3 (Posluma)
(LIGHTHOUSE, SPOTLIGHT)

Approved 5//30/23
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Jadvar,…..,Hope. J Nucl Med 
January 2022
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• N= 72 BCR s/p RP or RT
• PSA (0.2-698.4 ng/ml; 15.8+83.2)
• 24% PSMA+ but CI-
• 60% change in management

18F-DCFPyL, BCR

Stanford
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• 49% pts +PSMA
• 19% pts with at least 1+ lesion 

not covered by RTOG 
guidelines CTVs

JNM 2018



Local  
therapy

Androgen 
deprivation

Chemotherapy
Post-DTX

Death

RP/ RT/AS/Focal Rx 

Docetaxel

Supportive Care (e.g., Denosumab/Bisphosphonates/EBRT)

Cabazitaxel

Abiraterone

Enzalutamide

Sipuleucel-T

Abiraterone

Androgen Deprivation Therapy

Prostate Cancer 
Evolving Treatment Landscape

Radium-223 
dichloride

Enzalutamide

LuPSMA

Rucaparib (mBRCA1/2) or Olaparib (mHRR), 
Niraparib/Abiraterone (mBRCA1/2) or 
Olaparib/Abiraterone (mBRCA1/2) or 
Talozaparib/Enzalutamide (mHRR) or

Pebrolizumab (MSI-High)

Apalutamide

Darolutamide

Synchronous,  
Metachronous, or Induced 

Oligometastasis: MDT

Salvage Rx

mHRR: mutated homologous 
recombination repair 
MSI-H: microsatellite instability-high
dMMR: deficient mismatch repair

mHSPC (M0/M1)  
mCRPC

Carboplatin

mHSPC (M1)
CHAARTED: DTX.
STAMPED (C): 
DTX 
STAMPEDE(G) / 
LATITUDE: Abi.
ARCHES/ENZAMET: 
Enz.
TITAN: Apal.
PEACE1: Abi/DTX
ARASENS: 
DTX+Darl.

mHSPC (M0)
ARAMIS: Darl.
PROSPER: Enz.
SPARTAN: Apal.

mCRPC1
TAX327: DTX.
COU-AA-302: 
Abi.
PREVAIL: Enz.
IMPACT: SipT
PROpel: Olap.
TRITON3: Rucap.
MAGNITUDE: 
Nirap.
TALAPRO-2: 
Talaz.

mCRPC2
TROPIC: Cabaz.
COU-AA-302: 
Abi.
AFFIRM: Enz.
PROfound: Olap.
ALSYMPCA: Ra.

mCRPC3
VISION: LuPSMA
PSMFore:
LuPSMA
CARD: cabz.
KEYNOTE: 
Pemb.
TRITON2: Rucap.



Enocyte/Novartis
NCT03511664

• 40% decline in risk of death
• 60% decline in radiographic progression
• 4-m OS benefit; 5.3-m rPFS benefit
• More side effects but low grade and 

manageable

Standard of Care: 
NOT ALLOWED - chemo, Ra, 
immunoRx, investigational drugs
ALLOWED: ADT, bone-directed 
Rx, palliative XRT

NEJM 2021
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VISION: NEJM 2021

iPFS
5.3 m benefit

OS
4.0 m benefit

Time 1st SRE
4.3 m benefit
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PSMAfore
NCT04689828

Metastatic Castrate Resistant Prostate Cancer 
(mCRPC, pre-chemo)

Novartis

ESMO 2023

84% cross-over 
from ARPI to 
LuPSMA at 2nd 
interim analysis



177Lu-vipivotide tetraxetan (PluvictoTM)
FDA Approved Indications

Jadvar 

Treatment of PSMA+ mCRPC post ARPI therapy:

• PSMAFore: appropriate to delay taxane-based chemotherapy (2025)

• VISION: received prior taxane-based chemotherapy (2022)

C49H68
177LuN9O16



EJNMMI 2021
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PROSTATE 
2023

maxSUVmax  73 maxSUVmax  20



Jadvar Kostos, Ther Adv Med Oncol 2023

-Need for improved selection of 
patients for RPT
-Combination of disease-related 
multi-omics & early on-Rx 
biomarkers (AI/DL tools)
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Activation Pathways, Sources, & 
Functions of CAF

Ora, JNM 2023
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Imlimthan, 
Pharmaceuticals 2021

Fibroblast Activation Protein (FAP) aka. propyl 
endopeptidase type II TM serine protease

fibrosis, tissue repair, inflammation, ECM degradation; upregulated >90% 
CAFs in tumor stroma of epithelial cancers 



68Ga-FAPI-04

Kratochwil, JNM 2019



2023

68Ga-FAPI-PSMA



Jadvar 

68Ga-FAP-2286 
177Lu-FAP-2286 (2.4 GBq) 

3h 20h 44h 68h

92h 7d 10d Baum, JNM 2023

met. breast cancer
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2023



• Unmet clinical need for new 
treatment options
• Chimeric antigen receptor T cells 

(CAR-T)
• Antibody-drug conjugates (ADCs)
• Radiopharmaceutical therapy (RPT)

goal-concordant care

Saini, BJC 2021
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