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Aberrant bioactivity of the insulin-like growth factor (IGF) system results in the development and progression of several

pathologic conditions including cancer. Preclinical studies have shown promising anti-cancer therapeutic potentials for

anti-IGF targeted therapies. However, a clear but limited clinical benefit was observed only in a minority of patients with

sarcomas. The molecular complexity of the IGF system, which comprises multiple regulators and interactions with other

cancer-related pathways, poses a major limitation in the use of anti-IGF agents and supports the need of combinatorial

therapeutic strategies to better tackle this axis. 
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1. Introduction

The IGF system regulates a variety of physiological processes including aging, glucose metabolism, growth, and

differentiation . Alterations in IGF equilibrium result in different pathologies including endocrine disorders, skin

diseases and cancer . Accordingly, multiple anti-IGF targeted therapies were developed and tested in different tumor

types  but, in spite of encouraging preclinical results, clinical studies have been largely disappointing . Excellent

reviews have recently discussed patients’ response to IGF inhibitors . Notably, among solid tumors, a few but

significant achievements were obtained in sarcomas, particularly in Ewing sarcoma . Major factors limiting the

efficacy of anti-IGF1R therapy in the clinic include (i.) the lack of validated biomarkers of response for patient selection;

(ii.) the development of primary and/or acquired resistance, with absence of significant activity of anti-IGF agents

particularly as monotherapy; (iii.) underestimation of the molecular complexity surrounding the IGF axis . The variety

of biological responses elicited by the IGFs is not solely depending on its canonical components but it also relies on

functional cross-talks integrating signals from other factors . The IGF system is finely tuned by a variety of growth

factors and hormones , post-transcriptional regulators like RNA-binding proteins and non-coding RNAs . The

IGF system also interacts with other pathways, including EGFR, HER2, cMET, ALK, or functional partners, like DDR1, E-

cadherin, decorin, leading to signaling redundancy or compensatory activity . To date, combinatorial therapy with

anti-IGFs agents represents an attractive therapeutic option.

2. Therapeutic Approaches to Block the IGF System

Three major therapeutic approaches have been developed to block the IGF system: (i.) anti-IGF1R monoclonal antibodies

(mAbs); (ii.) tyrosine kinase inhibitor small molecules; (iii.) IGFs neutralizing antibodies and ligands TRAP. A major

limitation in the use of these agents is still the lack of a clear rationale in patient recruitment, which may have significantly

contributed to poor clinical results. Accordingly, most of the studies were performed in unselected patients further

demonstrating that identification of predictive biomarkers to guide patients’ selection still represents an urgent need to

optimize the use of anti-IGF agents .

2.1. Anti-IGF1R mAbs

mAbs against the IGF1R not only block the binding of IGFs to IGF1R but also downregulate IGF1R levels by inducing

receptor internalization and degradation, thereby inhibiting receptor downstream signaling . The first anti-IGF1R

mAb αIR3 showed efficacy in preclinical studies by inhibiting cancer cells’ growth both in vitro and in vivo . Several

mAbs have been subsequently developed and promising preclinical results were obtained in different tumor models with

figitumumab (CP-751871) , teprotumumab (R1507) , cixutumumab (IMC-A12) , dalotuzumab (MK-0646) ,

ganitumab (AMG 479) , robatumumab (MK-7454) . However, subsequent clinical trials results were disappointing

due to the onset of adverse dose-limiting side effects and lack of antitumor activity in most tumor types. Excellent reviews

have recently summarized the results of clinical trials using anti-IGF agents .
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Of note, hyperglicemia represents the major side effect correlated with the use of IGF1R mAbs . Indeed, in spite of lack

of activity against the IR, some mAbs induce ligand-independent internalization and degradation of IGF1R/IR-A and

IGF1R/IR-B hybrids, causing insulin resistance . In addition, IGF1R blockade might also determine the

dysregulation of IGF1R/IGF1/GH, which might determine the inhibition of IGF1 hypoglycemic effect and/or a

compensatory increase in circulating GH, leading to increased liver glucogenesis and insulin resistance .

The compensatory activation of other RTKs is a common mechanism by which tumor cells develop intrinsic or acquired

resistance, thus limiting the antitumor effects of these agents. A phase II study evaluating the efficacy and toxicity of

figitumumab in patients with squamous cell carcinoma of the head and neck reported a 41% incidence of hyperglycemia

and no clinically significant activity of the mAb in patients . Importantly, molecular analysis conducted in these patients

indicated that downregulation of IGF1R levels were associated with a concomitant activation of the PI3K/Akt and MAPK

pathways due to compensatory upregulation of the epidermal growth factor receptor (EGFR) . Similarly, compensatory

activation of the IR-A and IR-B by insulin and IGF2 , activation of HER3/AKT pathway, or the induction of a

mesenchymal–epithelial transition factor (c-MET) all contribute in conferring resistance to anti-IGF1R mAbs .

Ganitumab and teprotumumab are currently being tested in clinical trials. Importantly, due to overall lack of IGF1R mAbs

efficacy as monotherapy, ganitumab is being tested in combination with other drugs including the Src family knase (SFK)

inhibitor dasatinib (NCT03041701), the CDK4/6 inhibitor palbociclib (NCT04129151), and metformin (NCT01042379). An

ongoing phase I trial is testing the efficacy of microdevice delivery of different compounds, including ganitumab, in

sarcomas (NCT04199026). Teprotumumab is being tested in clinical trials in non-malignant disorders . Despite the fact

that the clinical development of cixutumumab has been terminated, cixutumumab conjugated with PEGylated maytansine

shows promising in vitro results . Interestingly, an ongoing clinical trial (NCT03316638) is currently testing clinical safety

and maximum tolerated dose (MTD) of W0101, a unique IGF1R—targeted antibody—drug conjugate, designed to deliver

a cytotoxic auristatin derivative to IGF1R overexpressing tumor cells . Preclinical studies demonstrated the antitumor

activity of W0101 and the specificity of this compound for IGF1R and the absence of binding to IR, which should limit

potential side effects related to insulin pathway .

2.2. Tyrosine Kinase Inhibitor Small Molecules

Several tyrosine kinase inhibitor (TKI) small molecules were developed to target the kinase activity of the IGF1R. These

agents are divided into ATP-competitive and non-ATP-competitive inhibitors, depending on the ability to block the ATP

binding cleft. Based on the high sequence homology between the IGF1R and the IR kinase domains, particularly in the

ATP binding cleft (100%) , ATP-competitive inhibitors including linsitinib (OSI-906)  and BMS-754804 , inhibit both

the IGF1R and the IR. Despite promising preclinical results, indicating in vitro antiproliferative effects and in vivo antitumor

efficacy , disappointing outcomes were obtained in the clinical setting. While inhibiting both the IGF1R and the IR-A

might represent an advantage to avoid compensatory mechanisms in tumor cells, blockade of the IR-B compromises

glucose metabolism. None of these compounds are currently under evaluation in the clinic.

Non-ATP-competitive inhibitors, such as the cyclolignan picropodophyllin (PPP; AXL1717), interact with the substrate

binding site, thus inhibiting IGF1R signaling without affecting IR action . In preclinical studies, PPP inhibited cell growth

and induced cell death in different tumor types . In clinical trials, AXL1717, an orally available small molecule whose

active agent is PPP, displayed a good safety profile but limited anti-tumor activity. In a phase I trial AXL1717 determined

prolonged stable disease in 44% of astrocytoma patients and it caused reversible neutropenia as a major side effect .

On the other side, a phase II study in non-small cell lung cancer (NSCLC) patients comparing the efficacy of AXL1717 to

docetaxel indicated that no treatment was better than the other in treating locally advanced or metastatic NSCLC . Still,

the lower incidence of neutropenia in the AXL1717-treated group confirmed the tolerability of this drug, thus warranting

further research .

2.3. IGFs Neutralizing Antibodies and Ligands TRAP

Neutralizing IGFs ligands represents an alternative therapeutic strategy to block the IGF system. MEDI-573 is a fully

human monoclonal antibody that neutralizes both IGF1 and IGF2 and inhibits both IGF1R and IR-A downstream signaling

without affecting insulin-dependent IR activation . Preclinical results obtained in embryonic fibroblast cell lines

overexpressing the IGF1R and IGF1/IGF2 or IR-A demonstrated that MEDI-573 inhibits in vivo growth in xenograft models

. Recent preclinical evidence demonstrated that MEDI-573 induces apoptosis and inhibits tumor growth in a subset of

colorectal cancer overexpressing IGF2 . In clinical trials, MEDI-573 determined antitumor activity in advanced solid

tumors as shown by stable disease (around 33% of patients), and a favorable tolerability profile without affecting

metabolic homeostasis . 
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Among the IGF-targeting strategies, an emerging area of research is currently focusing on IGF-Trap. The IGF-Trap is a

heterotetramer, composed of the extracellular domain of the IGF1R fused to the Fc portion of human IgG1 . The

IGF-Trap binds IGF1 and IGF2 with higher affinity than insulin, thus avoiding metabolic effects . In addition, it inhibits

IGF1R-driven cellular functions such as migration, proliferation and survival in various carcinoma cellular models .

The IGF-Trap significantly reduces metastatic spread of colon and lung carcinoma cells to the liver, representing a novel

promising alterative to IGF1R or IGF1/IGF2 antibodies .

3. Conclusions

Dysregulation of the IGF system drives cancer cell proliferation, migration, EMT, and drug resistance. Accordingly, multiple

anti-IGF therapeutic strategies have been developed to block this pathway, including IGF1R monoclonal antibodies,

tyrosine-kinase inhibitors, IGFs neutralizing antibodies or the new IGF-TRAP and IGF1R—targeted antibody—drug

conjugates. After decades of research in the field, clinical relevance of therapeutic agents targeting the IGF system in

cancer appears limited to subsets of sarcomas. This is in line with the exceptional dependence of these diseases on IGF-

driven processes. Still, even in those tumors, molecular profiling to identify patients who would better respond to anti-IGF-

based treatment is still an urgent clinical need. In addition, any therapeutic strategy solely targeting the IGF axis is likely

insufficient to block tumor growth. The majority of the information obtained to date shows the complexity of the IGF axis

regulation and the multiplicity of interactions with other cancer-relevant pathways, which either potentiate or compensate

molecular signaling mediated by the IGF system. A better understanding of this network of signaling pathways might

contribute to the identification of novel and more effective therapeutic combinations for sarcoma treatment.
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