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Chapter 9 

 

Conclusions and future perspectives 

 

Biomarkers, Growth Factors and Cytokines represent, owing to their complex 

interactions within human normal and pathological tissues, the last frontier in 

biological and medical research. Many progresses have been made in the last 

20 years in the knowledge of different biomarkers and growth factors (such as 

VEGF, Neurotrophins, TGF , and many others) as well as inflammatory 

cytokines whose involvement in neoplastic, infectious and degenerative human 

pathologies is now well ascertained. The real and hard challenge of modern 

clinical research is represented by the discovery of new biological tissue targets 

useful to modulate the activity of biomarkers, growth factors and cytokines and 

to suppress or to downregulate their effects in humans with different diseases. 

With regard to the clinical setting, the most important techniques for molecular 

imaging are certainly PET and MRI. For preclinical studies specialized imaging 

devices, that include small-animal PET, SPECT instrumentation, small-animal 

MRI, and optical imaging devices for fluorescence and bioluminescence, are 

currently available for studies of rodents and other animal species. In addition 

to molecular imaging probes, these devices enable pharmacokinetic and 

pharmacodynamic studies in animal models of cancer and in humans (1). The 

knowledge of real distribution and localization of the above mentioned 

biological molecules within human tissues represents an effective possibility to 

address efforts and resources toward the identification of new therapeutic 

strategies. Also immunohistochemistry may reveal tissue targets useful to reach 

and to destroy tumour cells and metastases. Some experimental studies of our 

team demonstrated interesting perspectives in the detection of VEGF and its 

receptors immunoreactivity in an experimental mouse model transplanted with 
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neoplastic cultured cells. A visible target is a target that may be more easily 

destroyed. The main difficulty remains still the possibility of tumor targeting 

thus allowng the cure avoiding damage and destruction of normal tissues. In 

this perspective, 89Zr-labelled radiopharmaceuticals may be useful bullets to 

target angiogenesis and VEGF/VEGFR expression in tissues. PET imaging with 

89Zr-bevacizumab may have a useful role in patient selection for bevacizumab-

related therapy as it would indicate accessibility of the antibody to VEGF-A 

targets. 89Zr-bevacizumab might be potentially valuable for biologic 

characterization of tumors and for prediction and evaluation of the effect of 

VEGF-A–targeting therapeutics. VEGF-A is reported in several studies to be 

overexpressed in malignant breast tumors and in ductal carcinoma “in situ”, 

thus covering the full spectrum from early-stage breast cancer to more 

advanced stages. Frequently VEGF-A staining was found to be related to 

aggressiveness as assessed by VEGF-A staining in studies with breast tumors. 

89Zr-bevacizumab PET proved to be able to detect a broad range of VEGF-A 

expression levels. Quantitative tumor analyses showed a more than 10-fold 

difference between individual SUVmax measurements, suggesting large 

differences in VEGF-A tumor levels between patients. For these reasons 89Zr-

bevacizumab might be potentially valuable for biologic characterization of 

tumors and for prediction and evaluation of the effect of VEGF-A–targeting 

therapeutics. More and more deeped clinical studies are necessary to 

ameliorate our knowledge of targeting of radiolabelled antibodies to tumor 

tissues, but the encouraging results reported in the literature lead us to hope in 

a not too distant future for a better management of primitive neoplastic and 

metastatic lesions in nuclear medicine.  However, imaging of VEGF and VEGFR 

has not furnished exceptional results up to date and this finding may depend on 

different factors whose relevance is probably based on three fundamental 

conditions that are discussed as follows: 

1) Scarcity and/or variable expression of the tissue target 

2) Low affinity of the radiolabeled drug to the target 

3) “In vivo” saturation of VEGFR binding sites by soluble VEGF 
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Scarcity and/or variable expression of the tissue target 

 

Some experimental animal studies has demonstrated an important variability of 

the expression of VEGF and VEGFR in canine tumor models and even in the 

previously published literature on this topic there are different evidences about 

this finding. In fact, the identification of VEGF and VEGFR-2 in most canine 

simple mammary gland adenocarcinomas (SMGAs), and the presence of a 

moderate correlation between VEGF expression and PI (Proliferation Index) 

may indicate that VEGF promotes tumor growth and development by an 

autocrine loop (2). These finding in dogs are similar to the ones described for 

human breast cancer cells, which have been shown to have an autocrine VEGF 

activity (3). This behaviour modality  allows a survival signal for tumor cells 

through the activation of the PI3/Akt pathway (4). Breast carcinoma cell line 

coltures reveal also the reduction of VEGF expression with a significant 

decrease in the basal activity of PI3-kinase possibly inducing apoptosis (5). 

Vascular endothelial growth factor autocrine signaling may also ensure an 

increased expression of the chemokine receptor CXCR4 on tumor cells surface 

(5). Moreover, the binding of this receptor to its ligand, stromal-derived factor-

1, stimulates tumor cell migration (6).   In the literature has been reported a 

moderate correlation between VEGF and histologic grade. In agreement with 

this observation, a previous study found a significant difference in the number 

of VEGF positive cells among the different histologic grade groups of malignant 

canine mammary tumors (7). The absence of correlation between VEGFR-2 and 

histologic grade in SMGAs in this study may be related to sample size, or may 

indicate that VEGFR-2 is not related to histologic grade. On the contrary, in 

some human tumours (such as the urothelial ones), experimental evidences 

appear to be different in comparison to those found in canine neoplastic 

models. In fact, according to Xia et al. (8), an increased VEGFR2 expression 

correlates with several features that predict progression of urothelial cancer, 

including disease stage and invasive phenotype. It is reasonable to assume that 

the individual variability of size, development, vascularization, invasivity and 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2942048/#b46-cvj_10_1109
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2942048/#b47-cvj_10_1109
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2942048/#b47-cvj_10_1109
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2942048/#b48-cvj_10_1109
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2942048/#b49-cvj_10_1109
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other different parameters may influence expression and detection of VEGF and 

VEGF receptors in different species and models, as well as in a single patient. 

 

Low affinity of the radiolabeled drug to the target 

 

The right approach to a nuclear medicine treatment for a neoplastic malignant 

pathology cannot disregard some fundamental parameters: 1) to identify the 

'correct', biologically active concentration and dose schedule; 2) to select the 

patients likely to benefit from treatment;  3) the monitoring of the inhibition of 

the target protein or pathway;  4) the assessment of the response of the tumor 

to therapy (1). All the above mentioned parameters are important for the 

planning of the therapy, but they cannot prescind from the real affinity of 

radiolabelled drugs to the target. In fact, this is the crucial problem in more 

clinical conditions in which failure of the therapy may be related to an 

unsatisfactory binding of the drug to the target. A possible mechanism involves 

the low affinity of a radiolabelled drug to its target. Substantial differences in 

the rates of drug clearance from the tumor have been observed among 

different patients and tumor types. This heterogeneous pharmacokinetic 

response might explain the lack of effectiveness of treatment in some patients. 

Discrepancies between the plasma pharmacokinetics of the drug and the rate of 

drug clearance from tumors have been determined by PET. In patients with 

multiple lesions, intratumoral drug concentrations varied up to 3.4-fold. This 

variance indicates that plasma pharmacokinetics cannot be used to predict 

intratumoral drug concentrations. Radiolabeling of drugs frequently cannot 

provide useful imaging probes for monitoring target inhibition because uptake 

of the drug in the tumor may be characterized by a nonspecific binding to the 

cell membrane or other cellular components. Moreover, notwithstanding the 

drug concentration does not need to be higher at the target relative to the 

surrounding tissues, this is a necessary condition for imaging probes (1). 
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“In vivo” saturation of VEGFR binding sites by soluble VEGF 

 

Vempati et al. (9) in a complex and very nice study demonstrated that the 

computational model predicts that the steady-state distribution of soluble VEGF 

is isoform-independent when considering only diffusion and matrix binding. 

They demonstrated also that differences in VEGF gradients can arise from 

differences in VEGF degradation. VEGF degradation depends on two main 

mechanisms: 1) a soluble VEGF degradation model; 2) a matrix-sequestered 

VEGF degradation model. In any case VEGF degradation is related also to 

various causes, including VEGF inactivation by isoform-selective VEGF inhibitors, 

e.g. connective tissue growth factor, sVEGFR1, thrombospondin-1, or by 

proteases that can cleave VEGF to fragments that are not recognized by 

commonly employed antibodies (9). In any case, the mechanism of protease-

mediated redistribution of VEGF activity is very complex and is influenced by 

multiple parameters. For instance proteases increase the functional soluble 

VEGF concentration by inhibiting the process of VEGF degradation. Different 

modes of VEGF redistribution, such as through MMP9, heparinases, or VEGF 

inhibitor cleavage are implicated as pro-tumorigenic, mediating an angiogenic 

switch. However, there are several notable exceptions where protease activity 

instead leads to diminished tumor growth , an effect similar to the plasmin-

mediated loss of wound healing due to a loss of angiogenesis. According to 

Vempati et al. (9), sprout formation and the subsequent patterning may be the 

result of a complex, temporal orchestration of multiple extracellular VEGF 

fractions, receptor signaling states, and cell types. VEGF and VEGFR “in vivo” 

dynamics are also more complex than those observed in different “in vitro” 

systems, even for a more rapid degradation and catabolism of biological 

molecules in the “in vivo” systems. The possibility that an “in vivo” saturation of 

VEGFR binding sites by soluble VEGF might therefore explain certain inefficacies 

occurring during nuclear medicine treatment in animals and humans affected by 

tumoral pathologies. In the near future might be important to elucidate these 

hypotheses by further experimental studies addressed to answer to these 

questions by combined nuclear medicine and immunohistochemistry 
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techniques. The contemporary use of radiolabelled anti-VEGF ed anti-VEGFR 

drugs might be useful for a more accurate “in vivo” quantification of neoplastic 

and non neoplastic angiogenesis.  
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