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Hypothesis

* Maximize administered 
activity and therefore 
lesion dose(s) without 
exceeding normal-tissue 
maximum tolerated 
doses (MTDs)

aka
“Theranostics”



Currently Approved Therapeutic Radiopharmaceuticals 



Currently Approved Therapeutic Radiopharmaceuticals cont 

Xofigo

Lutathera

Pluvicto



 In 2022, 41,500 patients with neuroendocrine tumors and 
prostate cancer eligible for 1.5 million cycles of RPT, with up to 
300 centers needed to deliver such treatments. 

 >Half a million doses of PSMA RPT per year would be needed 
to treat more than 158,000 patients with Stage-4 metastatic 
castration-resistant prostate cancer. 

 Total sales of therapeutic radiopharmaceuticals projected to 
grow from $7.3B in 2022 to $13.5B in 2032, at an annual 
growth rate of >23%.

 >80 therapeutic radiopharmaceuticals currently in clinical trial.
 Trend to use RPT in earlier-stage disease → Far more RPT 

treatments.

Rapid Growth of Radiopharmaceutical Therapy…



Rapid Growth of Alpha-Particle*
Radiopharmaceutical Therapy

Annual growth rate 
of 11.4% from 2024 
to 2030, with total 
sales >$1B by 
2030.

* Technical challenges - Short range (<100 µm) → Localized dose distributions / No cross-fire effect
- Low administered activities (~100 µCi) → Imaging feasible?
- High LET (~100 keV/µm) → High RBE → Bioeffect modeling?



 223Ra-RaCl2 (Xofigo ) for skeletal disease in castrate-
resistant prostate cancer: 1.49 µCi/kg �𝒒𝒒 4 weeks x 6.

 177Lu-DOTATATE (Lutathera ) for somatostatin 
receptor-positive neuroendocrine tumors:  200 mCi �𝒒𝒒 
8 weeks x 4.

 177Lu-PSMA-617 (Pluvicto ) for PSMA-positive 
metastatic castration-resistant prostate cancer:  200 
mCi �𝒒𝒒 6 weeks x 6. 

Radiopharmaceutical Therapy is routinely delivered on 
a “one-size-fits-all” -  fixed-administered activity - basis



Courtesy of Drs. Joseph O’Donoghue and Wolfgang Weber, MSKCC

177Lu-DOTA-JR11 Clinical Trial @ MSKCC:  Dosimetry Results to Date

On average, patients can be safely treated with 3x the “standard” 200-mCi activity

Dosimetry (Likely) Essential for Optimum 
Radiopharmaceutical Therapy



Based on Kidney MTD of 23 Gy and 
Marrow MTD of 1.5 Gy, many 
(most?) patients are under-
treated BUT a finite percentage of 
patients are over-treated

Dosimetry (Likely) Essential for Optimum 
Radiopharmaceutical Therapy cont



Patient-Specific  Radiation Dosimetry
for Optimized Radiopharmaceutical Therapy:

Basic Workflow



Technical Expertise Required for RPT Dosimetry
- as Provided by Nuclear Medicine Physicists

 Quantitative planar imaging, SPECT, and PET
 Alignment of serial image sets
 Organ / tumor segmentation (activity-based?)
 Scintillation well counting  →  Blood / urine / CSF time-activity data
 Kinetic analyses of time-activity data → Time-integrated activities
 Internal dosimetry → Organ / tumor absorbed doses
 Bioeffect modeling - to account for time-varying and spatially non-

uniform doses  →  BED, EUD etc

Organ / tumor
time-activity data→



Uniformity
of Dose
in XRT

Non-Uniformity
of Dose
in RPT

vs

90Y-
microspheres



Qualified Medical Physicists (QMPs) 
in Nuclear Medicine Practicing in US

 Best estimate: ~350 ± 50 practicing QMPs in US
 ~160 practicing Nuclear Medicine QMPs (?)

Only a minority 
identify Nuclear 
Medicine as 
primary area of 
practice



The Nuclear Medicine Physics workforce is aging!

Source: Harkness BA, All;ison JD, 
Clements JB et al. AAPM/SNMMI 
Joint Task Force: Report on the 
current state of nuclear medicine 
physics training. J Appl Clin Med 
Phys 16:3-13, 2015



Projected Shortage of Nuclear Medicine QMPs in US



Nuclear Medicine Physicist Workload:
Current and Projected



• Current training programs in Medical Physics are largely directed 
towards Radiation Oncology and Diagnostic Radiology and not 
Nuclear Medicine.

• The number of Medical Physicists certified in Nuclear Medicine 
Physics are marginally adequate to meet current demand and 
appear inadequate to address any significant increase in demand, as 
the number of certified Nuclear Medicine Physicists has remained 
flat.

• The aging of the Nuclear Medicine Physics workforce will 
exacerbate any increased demand.

• The growth in radiopharmaceutical therapy, if delivered on a 
patient-specific dosimetric basis, would substantially increase the 
demand for Nuclear Medicine Physicists, which may be filled part-
time by Radiation Oncologist Physicists. 

Summary



“

“

Sources: Jordan DW, Newhauser WD, and Mills MD. Current state of the imaging 
physics workforce and financial model. J Appl Clin Med Phys 22:4-6, 2021

Closing Comment
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