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By 2030, reduce by one third premature mortality from

non-communicable diseases (NCD) through prevention

and treatment and promote mental health and wellbeing.

Contextualization

 Cancer caused more than 10 million

deaths worldwide in 2018, according to

the World Health Organization (WHO).

 WHO predicts this number will grow to

almost 40 million in 2040.

50% of cancer patients can benefit from radiation

therapy (RT) in the management of their disease.

World Health Organization. WHO report on cancer: setting priorities, investing wisely and providing care for all. 2020. World Health Organization. 
https://apps.who.int/iris/handle/10665/330745. License: CC BY-NC-SA 3.0 IGO
Chierchini S et al. Physician And Patient Barriers To Radiotherapy Service Access: Treatment Referral Implications. Cancer Management and Research 
2019;2019:11:8829–33. doi:10.2147/CMAR.S168941.



What is Targeted Radionuclide Therapy?

 Targeted Radionuclide Therapy
(TRT) is a cancer treatment
modality that uses a targeting
molecule labeled with a
radionuclide (radiopharmaceutical)
to deliver damaging ionizing
radiation (IR) to tumors.

 TRT can be performed using Auger,
β and α-emitting radionuclides.

 TRT presents advantages with
respect to external radiotherapy,
such as:
 More localized tumor

irradiation, including its
metastases;

 Tumor cell specificity.

Radionuclide

Targeting Molecule

Tumor Specific 
Receptor

Institute of Medicine and National Research Council. 2007. Advancing Nuclear Medicine Through Innovation. Washington, DC: The National Academies Press.
https://ccr.cancer.gov/news/article/clinical-trial-will-investigate-targeted-radionuclide-therapy-for-inoperable-rare-tumors. Accessed on: 27/10/2020



Personalized Dosimetry

Therapeutic procedures (including targeted radionuclide therapies) need a great effort
in order to assess absorbed doses in cells, tissues, and organs, both for treatment
planning and for verification of the absorbed doses.

 Dosimetry and treatment planning in radionuclide therapies need to be allied with
radiobiology to account for:

Evaluate biologic effects such as DNA 

damage and repair mechanisms 

Radiopharmaceutical 

pharmacokinetics, namely 

the uptake in tumor and 

normal tissues

Basic safety standards directive of the European Union (2013/59/Euratom)

Dosimetric assessment at cellular 

and nanometric level

 The effects of ionizing radiation on tissue are primarily dependent on the well-
established measure absorbed dose.

M. Lassmann et al., The Relevance of Dosimetry in Precision Medicine, J Nucl Med 2018; 59:1494–1499, DOI:10.2967/jnumed.117.206649



Tumor Heterogeneity

Identification of tumour sub-volumes,
mainly based on multi-parametric
imaging of metabolic activity, hypoxia
and tumour vasculature.

 At the time of treatment, tumor sub-volumes (or phenotypes) with different genetic characteristics 
can be distinguished within the same tumor mass, using anatomical and functional imaging (e.g. 
PET-CT).

 Optimize therapy to the tumor phenotype.
 Not all phenotypes exhibit the same resistance/sensitivity to

the same treatment.

Multi Radionuclide 

Irradiation
Phenotype Directed 

Therapy

Main Objectives:
 Study the feasibility (in terms of strategic dose delivery to tumor sub-volumes) of personalized TRT

directed to the phenotype.
 Design a dosimetric formalism that could be able to link macro and micro/nano dosimetry and,

therefore, more accurately correlate dose assessment for a more accurate assessment of dose vs
treatment plan efficacy relationships.

Even AJ., Reymen B, Fontaine MDL, Das M, Mottaghy FM, Belderbos JS., et al. Clustering of multi-parametric functional imaging to identify high-risk 
subvolumes in non-small cell lung cancer. Radiotherapy and Oncology 2017. doi:10.1016/J.RADONC.2017.09.041.



Phenotype Directed TRT

 2 irradiation scenarios considered 

in the figure:

i) Current Practice – all four tumor 

phenotypes irradiated by one 

radionuclide

ii) Ideal – each tumor phenotype 

irradiated by a different radionuclide

Axial slice of a computational 3D “voxel” phantom depicting a
lung tumor, where two main radiation therapy scenarios were
considered: i) and ii). Voxels Mass Density Map: color code is
voxel mass density, ranging from 0 to 2 g/cm3.

 Assessment of dosimetric and biological
effectiveness (i.e. DNA radiation damage),
using MC simulations, according to
scenarios i) and ii), depicted in the figure.

 Scenarios i) and ii) were studied according
to the following dosimetry parameters:
• Dose in tumor tissues.
• Dose Efficiency (DE), ratio between

dose to tumor and to healthy tissue.

Dose is a surrogate for damage to tumor cells!

Borbinha J et al. Dosimetric assessment in different tumour phenotypes with auger electron emitting 
radionuclides: 99mTc, 125I, 161Tb, and 177Lu. Radiation Physics and Chemistry (2020), 172, 108763.



 Determination of the optimal tumor configurations (i.e. radionuclide – tumor sub-volume
pairings) and respective effectiveness.

 Ascertain the possible effects of non-homogeneous absorbed dose distribution in the tumor on
the outcome of cancer treatment.

I-125 maximizes 

Dose Efficiency!

Tb-161 maximizes 

dose in tumor!

Irradiating with a mix of 

radionuclides improves 

dose to tumor!

S-value (dose per cumulated activity) in the tumor and in the healthy tissues (left y axis) and DE (right y axis)
for every tumor phenotype-radionuclide combination considered (Ci, i = 1 to 4) according to scenarios i) and ii).

Phenotype Directed TRT

Borbinha J et al. Dosimetric assessment in different tumour phenotypes with auger electron emitting 
radionuclides: 99mTc, 125I, 161Tb, and 177Lu. Radiation Physics and Chemistry (2020), 172, 108763.



Phenotype Directed TRT

Future Work:
 Acquisition and segmentation of clinical anatomical and functional (e.g. PET-CT) images.

Development of patient-specific voxel phantom, modeling more accurately the anatomy of an
describing an individual patient anatomy. Implementation on Monte Carlo (MC) code.

 Assessment of biological effectiveness (i.e. DNA radiation damage) in the tumor phenotypes and
healthy tissues, using MC simulations.

Unnecessary exposure to IR can 
translate into hazardous effects to the 
human health! 

Conclusions:
 Results from MC simulations show that irradiating the phenotypes in a heterogenous tumor with

different radionuclides can enhance dose in the tumor, as well as minimize dose to the surrounding
healthy tissues (with respect to irradiating the tumor with only one radionuclide).

 Dose enhancement
effect in each tumor
sub-volume

 Minimize damage to
healthy tissues

Phenotype 
Directed TRT

Personalized Medicine

Irradiation with 
different 

radionuclides

Expected Implication for Patient Care:

Precision Medicine

Increase Therapy Efficacy 
and Success Rate!



 New family of 99mTc(I)-tricarbonyl complexes bearing an acridine orange (AO) DNA targeting
unit and different linkers between the Auger emitter (99mTc) and the AO moiety was evaluated
for Auger therapy.

Main objective:
 Assess how the distance to DNA influences the radiation-induced biological effects in in human

prostate cancer cells PC3, namely in which concerns early and late damage effects.

Schematic drawing of the 99mTc-labeled AO derivatives studied.

Activity-dependent nuclear uptake of 99mTc-C3 (blue)
and 99mTc-C5 (red) in PC3 cells, after 24 h incubation at 37 °C.

Nuclear uptake

EJNMMI Research (2020) 10:79



DNA-intercalated 99mTc-complexes bearing acridine orange derivatives

 Radiobiological and dosimetric assessment in human prostate cancer PC3 cells of DNA-
intercalated 99mTc-C3 and 99mTc-C5 complexes.


99mTc might not be the ideal radionuclide for TRT but can be useful to validate the design of new
classes of Auger-electron emitting radioconjugates.

 Distance of Auger electron emitters to the target DNA is of crucial importance for therapy
efficacy.

Absorbed dose distribution (in a.u.) for the spherical source
emitting at the center of the nucleus from MCNP6 MC
simulations.

Survival Fraction from clonogenic assay experiments on PC3
cells.

DNA Damage
MC Simulations

Belchior A et al. Radiobiological and dosimetric assessment DNA-intercalated 99mTc complexes bearing 
acridine orange derivatives. EJNMMI Research (2020), 10:79.



99mTc(I) Tricarbonyl Complexes Dual-targeted at Tumoral Mitochondria

 Mitochondria is one of the most important cellular targets to trigger apoptotic outcomes but it
seldom has been studied as a target for therapeutic Auger-electron emitting radionuclides.

Main Objective:
 Design, synthesis and in vitro biological evaluation of multifunctional 99mTc(I) Tricarbonyl

complexes in order to address the usefulness of the dual-targeted approach (mitochondria- and
GRPR-targeting) in prostate cancer theragnostics.

Schematic drawing of dual-targeted approach with 99mTc(I) Tricarbonyl complexes.

 Cellular and subcellular
(nuclear and mitochondrial)
distribution experiments in
PC3 human prostate cancer
cells.

 Assessment of
radiobiological effects using
the -H2AX, micronuclei and
clonogenic assays.

 The dual-targeted
complexes are more prone
to accumulate in the
mitochondria of tumor cells
and induce the more
pronounced radiobiological
effects.



Thank you for your attention!

Acknowlegements:

 UID/Multi/04349/2019
 PhD grant 2020.05908.BD


