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• Historical roots of RPT are in medicine, not in radiology
nor in radiotherapy!

• First use of radionuclides for therapy dates back to the ‘30 
• 32P Sodium phosphate for chronic leukemia
• Initial applications only radiopharmaceuticals in salt 

forms ( 89SrCl2 , 
224RaCl2 , Na131I) 

• Focus on the physiology and on the mechanism of 
uptake, rather than on radiation dose

Fahey FH et al. EJNMMI Physics 2017 

Characteristics of RPT and historical reasons for resistance to internal
dosimetry



The putative systemic nature of NM therapy and i.v. route of 
administration make it more similar to chemotherapy than to 
EBRT 

In chemotherapy, treatments are not tailored on single individuals
but on cohorts of patients with similar characteristics

While in EBRT the relevance of dosimetry for therapy 
optimization is not a matter of discussion, NM lacks a clear path to 
include radiation dose calculations in therapy 

Moreover….



The arguments against dosimetry….

Because it is complicated

Because it is resource intensive / not enough medical physicists

Because it is impractical for the patient and for NM department

Because it is inaccurate

Because radiobiology of radionuclide therapy is unclear

Because it has no proven effect on survival

Because radiopharmaceutical companies do not appreciate

So….better not to do it!!!



However, the field has significantly expanded over the 
past 15-20 years

Internal dosimetry has gained cultural, commercial and 
legal recognition (e.g. reimboursement, software 
development etc)

Yet several challenges remain to be addressed

My opinion is that….



Same activity does not mean same dose

Same injected activity gives doses to remnant of 2-200 Gy

Thyroid remnant 
ablation
Na131I

P Minguez et al, Med Phys, 2016



Same DOSE does not mean same biological effect!

BED = biological effective dose

EBRT = no repair of subletal damage during 
irradiation + full repair between fractions

RPT = the subletal damage is repaired during 
irradiation

Accuracy of T1/2eff calculation depends on time sampling



EBRT vs. RPT
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90Y 177Lu

BED sparing vs. Cumulative Absorbed Dose to the kidney if therapy is 
splitted in several cycles as compared to one single cycle 

Potential impact of Radiobiology on treatment optimization
Activity fractionation



Activity fractionation: effects on tumor BED

Sarnelli A et al. QJNMMI 2017Hebert et al. JNM 2024



Radiobiology for RPT Optimization
All patients were planned for treatment up to a cumulative
renal BED of 27 ± 2 Gy (step 1). Thereafter, patients complying
with the inclusion and exclusion criteria for step 2 were
offered further treatment up to a renal BED of 40 ± 2 Gy



The Uppsala and the Lund groups have suggested varying the number of fixed-IA 
induction cycles to deliver 23 Gy or 27 Gy to the kidney. In such a protocol, the 
length of the induction course can vary from as little as 2 months (two 2-monthly 
cycles) to as long as 18 months (ten 2-monthly cycles). 
Another approach : personalizing IA to deliver a prescribed renal absorbed dose of 
23 Gy to the kidney over a fixed number of cycles. While both personalized PRRT 
approaches can increase the cumulative absorbed dose to the tumour to a similar 
extent as compared to empiric PRRT, our protocol is the only one that can also 
increase the tumour absorbed dose per cycle, which has the potential to accelerate 
and amplify the therapeutic response.

Median IA of 36.1 (range, 6.3–78.6) GBq





No dosimetry !
No dose/response correlations!

However, clinical data are still being reported without dosimetry



Methods for therapy optimization (excluding dosimetry) 

Withdrawal interfering therapies (e.g. beta blockers for MIBG)

Acceleration of RPT excretion (diuretics, laxatives, lemon candies)

Administration of «cold» analogues

“Renal protection” by amino acid co-infusion

Thyroid blocking (e.g. potassium perclorate, potassium iodide)

Enhancement of thyroid uptake by hormone withdrawal (increse of TSH levels) 

Embolization of aberrant vessels before TARE 



• BED is a useful model to compare doses delivered homogeneously, 

however it does not take into account the dose heterogeneity. 

• EU-BED suffers from limitations of resolution and of missing

information on micro-dosimetry

• Models need experimental data for correctly interpreting reality

Radiobiological models have limitations (and are underused in RPT !) 

Reality is complex…..



Patient 1, F 62 y, DLBCL
Death 60 days after RIT of hematological toxicity, 
normal liver function tests until death Patient 2, M 32 y, DLBCL

Death 100 days after RIT, liver toxicity unexplained by 
disease progression, hepatic necrosis at autopsy

Organ absorbed doses well below safety limits

Unexpected severe toxicities

Heavily pretreated patients (including history of drug abuse for Pt 2)

How can this be justified ? Types of liver involvement (focal vs. 
diffuse), radiobiological parameters?    



Challenges of predicting pharmacokinetic in oncological patients

If we handle radiopharmaceuticals like chemotherapeutics…let’s learn from oncology ! 

The disease status (i.e. inflammation) is known to alter 
enzymes and transporters activity >> which can 
significantly affect pharmacokinetic and 
pharmacodinamics of several drugs

Cytochrome P450 (CYP) enzymes (reduced activity  > 
reduced drug clearence > higher toxicity )

Concomitant drug interactions

De Coutant et al. 2015;98 (1) Clin Pharmacol & Therapeutics



We illustrate situations where conclusions drawn from 
HV PK studies did not align with the outcomes from 
clinical trials in patients with cancer





The «holistic» framework 



The «holistic» framework proposed by Ji et al (from Novartis) is applied to systemic anticancer
treatments  and to the comparison between healthy volunteers and cancer patients

However, a similar framework may be (in my opinion!) used to assess interpatient variability for 
optimized RPT «dosing» (ex. High vs. low tumor burden or prior vs. no prior treatment)

The need for extensive dosimetry studies in early phase trials is undisputed (same as PK studies for 
«cold» drugs)

The relevance of symplified dosimetry models relies on the assessment/control of the covariate
effects between historical cohorts and case studies.  

How these concepts apply to dosimetry in RPT 



Lack of randomised trials as an argument against the systematic
implementation of dosimetry



Our findings suggest that proton radiotherapy seems to result in an 
acceptable degree of toxicity and had similar survival outcomes to 
those achieved with photon-based radiotherapy. Although there remain 
some effects of treatment on hearing, endocrine, and neurocognitive 
outcomes […] cardiac, pulmonary, and gastrointestinal toxic effects, 
were absent.





Sheehan M, et al. J Med Ethics 2014;40:572–575. doi:10.1136/medethics-2012-101290

Ethical considerations >> randomization performed to demonstrate cost-effectiveness is unhetical

Clinical and Scientific considerations >> dose distribution is only a surrogate end point for more pertinent clinical 
outcomes, which may fail to occur ; the already available clinical results may influence the judgment of individual
clinicians and of patients

Methodological and evidential considerations >> Where (1) the dose distribution with CPRT suggests substantial 
superiority to conventional treatments and (2) existing clinical results suggest significant superiority, a randomised
controlled trial (RCT) would be neither necessary nor appropriate. However, where predicted differences are small, 
such as if the same target dose is used and where sparing of normal tissue is unlikely to confer a useful clinical 
benefit, a RCT may be clinically unrewarding and a poor use of resources.

Randomized trials in CPRT are ethical or unethical ? 



How to make progress in the field with limited use of clinical 
trials ? 

Engage in the production of data, 

Development of high quality shared infrastructure, 

International/global collaborations



ESTRO – EORTC Registry



How to interpret a clinical trial ?

Two problems with new drugs: small incremental size and high price

Modern clinical trials are have become larger and larger, resulting in 
statistically significant findings being achieved with smaller and 
smaller observed treatment effect



Minimum clinically meaningful outcome (mCMO)

Sobrero et al. Clin Cancer Res 2015

Revision of 43 registration trials :
Only 2 met their criteria for high 
benefit using the metric of HR for OS 
and improvement in median OS; 
none of these studies demonstrated
large benefit using increase in both
absolute and proportional OS. 



VISION trial
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Study Overview
• In patients with stage II or III early breast cancer, the addition of 

ribociclib to adjuvant hormonal therapy resulted in a significant 
improvement in 3-year invasive disease–free survival.

Kaplan–Meier Estimates of Invasive Disease–free Survival.



Kaplan–Meier Estimates of Secondary Efficacy End Points.

Slamon D et al. N Engl J Med2024;390:1080-1091



«Is dosimetry effective?» is probably not the right question to ask….

Dosimetry is a tool to explain/predict the results of NM treatments

Without information on dosimetry, no dose/effect correlations can be established

Dosimetry can be used to optimize NM treatments

…is the treatment effective? 



Cicone F et al. Trans Canc Res 2016
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Having the magic bullet does not mean Success




