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- Cancer is one of the leading causes of death in modern society. 
 

- There were an estimated 14.1 million cancer cases around the world in 2012. This number is 
expected to increase to 24 million by 2035. 
 

- Methodologies like nuclear medicine can offer unique means to study cancer biology and to 
optimize cancer therapy. 
 

Rank Cancer 
% of all cancers 

(excl. non-melanoma skin 
cancer) 

1 Lung 13.0 

2 Breast 11.9 

3 Colorectum 9.7 

4 Prostate 7.9 

5 Stomach 6.8 

6 Liver 5.6 

7 Cervix uteri 3.7 

8 Oesophagus 3.2 

9 Bladder 3.1 

10 Non-Hodgkin 
lymphoma 

2.7 

Cancer: 



Imaging Modalities (SPECT/PET & MRI): 
- Non-invasive visualization of the pathology. 

SPECT PET  MRI  PET/MRI  

Nuclear Imaging: 
 
- SPECT – γ emitters (67Ga, 111In, 99mTc). 
- PET – β+ emitters (68Ga, 18F). 
- High sensitivity. 
- Information on molecular activity and function.  

Magnetic Resonance Imaging (MRI): 
 
- Gd – paramagentic properties. 
- High resolution. 
- Information on physical anathomy. 

Multimodal Imaging 
Combining the information 

provided by both modalities 

- Development of innovative radiopharmaceuticals is crucial for the future of these modalities. 



 

- Can enhance the uptake of radiopharmaceuticals into tumors and into the cancerous cells. 

 

- Prevent drugs from interacting with normal cells, thus avoiding side effects.  

 

- There are different types of NPs, each with different physico-chemical properties. 

Nanoparticles (NPs) in Cancer: 



Enhanced Permeability and Retention  (EPR) effect: 
 

- Tumor vessels are usually abnormal in form with wide fenestrations. 
 

-  Usually lack effective lymphatic drainage. 

NPs tend to accumulate 
in tumor tissue much 
more than they do in 
normal tissues 

Nanoparticles in Cancer: 



Block Copolymer Micelles (BCMs) 
 

- Good biocompatibility. 
 

- Drug encapsulation – Protects drug from 
degradation and reduces cytotoxic side-
effects. 

Gold Nanoparticles (AuNPs) 
 

- Easy functionalization through Au-S bond. 
 
- CT imaging. 

 
- Radiosensitization properties - Radiotherapy 

Work Developed: 



Au 

AuNPs: 

Au-TDOTA 

TEM image 

HR-TEM image 

HAuCl4 + TDOTA 

NaBH4 



- High affinity for the Gastrin Releasing Peptide receptor (GRPr) 
 

- GRPr is overexpressed in certian cancer cells including, prostate, breast and pancreas. 

TA-BBN 

BBN 

Bombesin (BBN) 



BBN-functionalization: 

BBN-Au-TDOTA 

Au 

GRPr affinity 
(competitive binding assay in 

prostate cancer PC3 cells) 

Au-TDOTA + TA-BBN 



Radiolabeling: 

Stability in vitro 

Au 

BBN-Au-TDOTA + 67GaCl3 

(prostate cancer PC3 cells) 



Biological and Radiosensitization Studies: 

Biodistribution studies in tumor bearing mice 

TEM  image of prostate cancer PC3 cells 
after incubation with BBN-Au-TDOTA. 

Irradiation studies of prostate cancer PC3 and 
glioblastoma U87 cells, showing a higher cell 
death for the ones incubated with the AuNPs. 
(2 Gy radiation dose).  



MRI Applications: 

Au 

Au-TDOTA 

TA-BBN 

GdCl3 

67GaCl3 

Compound 
Ratio (M) 

Au/Gd 
Ratio (M) 
Au/BBN 

Au-TDOTA-Gd 1,9 - 

BBN-Au-TDOTA--Gd 3,2 4,1 

Phantom images for Au-TDOTA-Gd 
and BBN–Au-TDOTA-Gd (25C). 



1)  Conjugation of a platinum prodrug to the nanoparticle structure - Detailed cellular 
and animal studies to confirm the potential of the developed NPs in different imaging 
and therapeutic modalities (chemotherapy, external and internal radiotherapy, hadron 
therapy) 
 
2) Design and evaluation of related NPs targeted at alternative receptors overexpressed 
in other aggressive human cancers (e.g. tachykinin type1 receptor in multiforme 
glioblastoma or EGFR in triple negative breast cancer).  

Ongoing work: 

Au 



Chitosan Nanoparticles (CsNPs): 

Compound or 
conjugate 

IC50 (µM) 

2 13.7 ± 3.0 

C1 51.8 ± 21.3 

C12 33.7 ± 8.9  

C123 13.5 ± 2.0 

C1234 26.0 ± 11.8 

99mTc(H2O)3(CO)3 + 



Ongoing work: 

NANOGLIO: NANOGLIO focuses on multifunctional gold nanoparticles (AuNPs) for image-guided 
GBM chemoradiotherapy, based on an unprecedented strategy that relies on the simultaneous 
delivery of Pt(IV) prodrugs and therapeutic radionuclides (177Lu or 125I).  
 
 
 
 
BIIMAGERA: BIIMAGERA will focus on the design and evaluation of gold nanoparticles 
functionalized bioactive peptide for GRPr targeting, aiming to obtain nanoconstructs suitable for 
MRI and SPECT/PET imaging, as well as therapeutic applications.  



Me-PEG-b-PCL 

Hydrophilic Hydrophobic 

Hydrophilic  Hydrophobic 

BCMs: 

Pz-CONH-PEG-b-PCL 

Polymers (PEGylated PolyCaproLactones): 

Cytotoxic drug: 

Docetaxel 
(DTX) 

Docetaxel (DTX) 

Copolymers 

Me(DTX)BCM 
Me/Pz(DTX)BCM 

Thin-film 
hydration method 



BCMs: 
DLS histogram and TEM image of Me/Pz(DTX)BCMs.  



Radiolabeling and Biological Studies: 
99mTc(H2O)3(CO)3 

MDA-MB-231 cells HOS cells 

BCMs-DTX-PzNN-99mTc 99mTc-Pz-CONH-PEG-b-PCL 



Ongoing work: 
1) Conjugation of bisphosphonates derivatives to the BCMs structure in order to provide target 

specificity towards bone metastasis. 
 

2) Radiollabeling studies with 188Re (β- emitter) in order to obtain nanoconstructs suitable for 
simultaneous delivery of radiation/chemotherapy to cancer cells. 
 

NanoTher4U: This proposal aims to develop a synthetic strategy that combines in the same molecular 
construct a tyrosine kinase inhibitor (EGFR-TKI), a vehicle to deliver the cytotoxic drug (block 
copolymer micelles) to the tumor, a peptide or antibody to confer specificity and a labeling moiety 
(DTPA or DOTA unit) to chelate 111In/177Lu for imaging or therapy (nanotheranostics) of tumors 
overexpressing EGFR. 
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