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Increasing Importance of RPT



Theranostics : 
Imaging a biological target  Therapeutic intervention

Quantitative Imaging

Quantitative Imaging



Opportunities Provided by Quantitative 
Pre- and Post-treatment Imaging

Physical dose to 
organs and tumors

Maximum tolerable 
dose (MTD) to 
source organs

Desired therapy 
dose to tumor 

Dosimetry-driven 
personalized RPT

Explore 
radiation biology

Radiobiological 
effectiveness



Opportunities Provided by Quantitative 
Imaging of the Biologic Target

68Ga-DOTATATE

68Ga-DOTATATE

177Lu-DOTATATE

177Lu-DOTATATE

“Crossfire effect” 
Biologic Target
SSTR :NEN
PSMA :PCa
NaI symporter : DTC
Norepinephrine Transporter 
CXCR4
GLP1
CCK-2
FAPI
HER2
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Importance of Pre-treatment Imaging 



124I NaI68Ga-PSMA-1168Ga-DOTATATE 124I MIBG 18F-NaF

From Qualitative to Quantitative Imaging 



Using PET agents with longer physical half-life 
(64Cu :12.7 hrs) 

• Inherent quantitative ability of PET technology
• Clearance kinetics within source organs and 

tumor tissues potentially beyond 24 hours 
• Prospective dosimetry 
• Potential to use theranostic pair (67Cu)

Prospective Dosimetry: 
Pre-treatment Quantitative Imaging 



Wide range of 
absorbed dose

Heterogeneity in 
binding affinity 

Receptor density 

Hypoxia and 
necrosis

Tumor volume

Tumor-specific 
radiosensitivity

and 

Outcome

24 patients/24 lesions

First treatment cycle Until best response

Radiopharmaceutical therapy 
Administered activity     Absorbed dose     Response 

Wide range of 
tumor shrinkage

Proliferation rate 
Ki 67

Microenvironment

Hypoxia and 
necrosis 

Primary site

Post-treatment Quantitative Imaging: 
Dose-response relationship



<50% ≥50%
PSA Response

<10 Gy:
10 non-
responders
1 responder

Whole-body 
tumor SUVmean

Whole-body tumor 
absorbed dose 

PSA response at 
12 wks

Combining Pre- and Post-treatment 
Quantitative Imaging 

An overlap 
among responders and 
non-responders 



From Macrodosimetry to Microdosimtery
Lesion geometry and dosimetry 

External beam radiotherapy  

Radiopharmaceutical Therapy

Intra-patient heterogeneity and dosimetry 

Intra-lesion heterogeneity and dosimetry 



Dosimetry driven personalized RPT
• Stop criterion: aiming at an absorbed dose of 23 

Gy to the kidneys 
• Kidney absorbed dose a surrogate tumor dose 

and maximum tolerability of patient 

Entire population

Goal: Personalized RPT Based on Dosimetry 

Longer PFS and OS in patients achieved 23 Gy to kidneys



Concluding Remarks
• Radiation dose from RPT is a measure that is expected to 

correlate with tumor control probability and normal tissue 
complication probability

• Dose to tumors and normal tissues can vary widely among 
patients for a given administered activity level due to 
differences in 

• Tissue mass 
• Pharmacokinetics 
• Tissue geometries 
• Tumor phenotype and microenvironment 

It is critical to monitor patient-specific radiation absorbed 
dose by established dosimetry techniques, whereby 
appropriate changes in management may be made 



Opportunities and Future Directions

• Development of radiopharmaceuticals with potential to 
perform prospective dosimetry 

• Inclusion of post-treatment dosimetry in RPT trials to 
establish the dose-response relationships

• Macro and microdosimetry to enhance the understanding of 
RPT radiation biology 

• Trials designs with the goal of personalization of RPT 
based on pre-treatment or post-treatment dosimetry 
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