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Tropomyosin receptor kinases (Trks)

Cocco E. et al. (2018)

TrkA (NTRK1) :

Pain, thermoregulation

TrkB (NTRK2) :

Movement, memory, mood,

appetite, body weight

TrkC (NTRK3) :

Proprioception



NTRK fusions across multiple tumor types 

An estimated 1500 – 5000 harbour TRK fusion positive cancers in United States annually
Cocco E et al. (2018)



TRK inhibition: 

a tumor-agnostic treatment strategy 

Several TKIs with varying degrees of activity against TRKA, TRKB and/or TRKC are 

available, which can broadly be grouped into: i) multi- kinase inhibitors with activity 

against a range of targets including TRK or ii) more selective TRK inhibitors

1st generation:

i) Entrectinib (Rozlytrek), crizotinib, cabozantinib, lestaurtinib, altiratinib, 

foretinib, ponatinib, nintedanib, merestinib, MGCD516, PLX7486, DS-6051b 

and TSR-011. 

ii)   Larotrectinib (Vitrakvi, LOXO-101) 

2nd generation:

LOXO-195



Drilon et al., N Engl J Med (2018)

ORR

75%( CI 61%-85%)



Clinical efficacy of Entrectinib 

ESMO (2018)

On August 15, 2019, the oral TRK, ROS1, and ALK kinase inhibitor entrectinib was granted accelerated approval for treatment of adult patients and pediatric 

patients 12 years of age or older with solid tumors that have a neurotrophic tyrosine receptor kinase (NTRK)-gene fusion without a known acquired resistance 

mutation, are metastatic or if surgical resection is likely to result in severe morbidity, and have experienced disease progression following treatment or have no 

satisfactory standard therapy. Entrectinib also was approved for the treatment of adults with ROS1-positive metastatic non–small cell lung cancer (NSCLC).



TRK inhibitors resistance:

solvent front mutations

Cocco E et al. (2018)



TRK inhibitors resistance:

early clinical evidences

Russo A. et al., Cancer Discovery (2016)



LOXO-195: 2nd generation TRKi

Drillon et al. (2017)



LOXO-195 early clinical experience 

Drillon et al. (2017)



TRKing down novel therapeutic

targets in gliomas



NTRK fusion in gliomas

Oldrini B et al., unpublished



NTRK fusions in gliomas maintain 

an intact kinase domain

Oldrini B et al., unpublished



CRISPR/Cas9 mediated genomic 

rearrangements

- Gene fusions

- Deletions



Tissue/cell specific promoter Tv-a

Nestin-Tva

GFAP-Tva

RCAS-Tva system

RCAS: Replication-competent avian sarcoma-leukosis 

virus long terminal repeat with splice acceptor

Pax3-Tva

Olig2-Tva

Cnp-Tva



RCAS/Tva-CRISPR/Cas9 model

Nestin-Tva Rosa26 LSL-Cas9-GFP Nestin-Cre

GFAP-Tva GFAP-Cre

“Your fav.”-CreRosa26 LSL-Tva

XX

Tissue specific Tva+; Cas9+ mouse strains

Oldrini B., Curiel A. et al., Nature Communications (2018)

Somatic genome editing



BCAN-NTRK1 fusion

Oldrini B., Curiel A. et al., Nature Communications (2018)



Generation of the Bcan-Ntrk1

in mouse cells

RCAS-dual-gRNA

Oldrini B., Curiel A. et al., Nature Communications (2018)



Bcan-Ntrk1 induces high-grade gliomas

GFAP-Tva; GFAP-Cre; 

Trp53 lox/lox; LSL-Cas9

RCAS-dual-gRNA

nu/nu mice

4/6 mice with tumor 

(avg survival 72 days)

Oldrini B., Curiel A. et al., Nature Communications (2018)

NSCs



ctDNA

EVs

Cancer detection

Screening or 

earlier diagnosis

Molecular profiling

Treatment selection

Monitoring 

response

Monitoring 

clonal evolution

Detection of 

residual disease

CTCs

adapted from Rosenfeld, AACR 2019

Liquid biopsy in brain cancer

CSF

Blood



Oldrini B et al., unpublished

Bcan-Ntrk1 fusion is enriched in 

tumor-derived exosomes



Bcan-Ntrk1 gliomas are sensitive 

to Trk inhibition

Oldrini B., Curiel A. et al., Nature Communications (2018)



Modelling acquired resistance 

to TRK inhibitors

NO mutations in the kinase domain

Oldrini B., Curiel A. et al., Nature Communications (2018)



MAPKi overcomes Entrectinib resistance

Oldrini B., Curiel A. et al., Nature Communications (2018)



MAPK pathway alterations lead to 

TRKi resistance

Cocco E et al. (Sept 25th, 2019)



MAPK pathway alterations lead to 

NTRKi resistance

Cocco E et al. (2019)



Combination treatment for 

NTRKi-resistant tumors

Cocco E et al. (2019)



• TRK inhibition as an agnostic tumour treatment for NTRK fusion 

positive patients

• Solvent front mutations as main mechanism of TRKi resistance

• MAPK activation (KRASmut, BRAFmut, MET AMP) is emerging 

as an alternative mechanism of resistance to both 1st and 2nd 

generation TRK inhibitors

• Liquid biopsy is a potential approach for detection of NTRK 

fusion at mRNA level

Conclusions
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Entrectinib resistance in ROS1-rearranged

NSCLCs 

Cocco E et al. (2019)

Here, we characterized the molecular basis of resistance in entrectinib-resistant ROS1-rearranged 



Bcan-Ntrk1 gliomas express TrkA

Oldrini B., Curiel A. et al., Nature Communications (2018)

pan-Trk HIC

PDGFB Bcan-Ntrk1 



High Ntrk1 levels drives tumor formation

Oldrini B., Curiel A. et al., Nature Communications (2018)



High NTRK1 levels as possible drivers 

of glioma tumor formation

Oldrini B., Curiel A. et al., Nature Communications (2018)

TCGA LGG-GBM dataset



Are they all oncogenic?



Glioma in the lab: a story of mice and men

NSCs

Astrocytes

FACS

Adherent cell lines

Viruses

Genetically engineered 

mouse models

Patient derived 

xenografts



GFAP-Tva; GFAP-Cre; 

Trp53 lox/lox; LSL-Cas9
RCAS-dual-gRNA

Oldrini B., Curiel A. et al., Nature Communications (2018)

Generation of the Bcan-Ntrk1

in mouse NSCs

Genomic DNA mRNA



Bcan-Ntrk1 induces high-grade gliomas

GFAP-Tva; GFAP-Cre; 

Trp53 lox/lox; LSL-Cas9

RCAS-dual-gRNA

Oldrini B., Curiel A. et al., Nature Communications (2018)



NTRK (NTRK1, NTRK2 and NTRK3) gene fusions have been identified in 

multiple types of gliomas:

• Are they all oncogenic?

• How do they drive tumorigenesis (overexpression, ligand-

independent activation, etc.)?

• Can we target them?

• Do they have equal response to TRKi? 

• Can we detect them using liquid biopsy?

Ongoing work



Temporal expression of NTRK genes

Oldrini B et al., unpublished



NTRK fusion in gliomas

Oldrini B et al., unpublished



• 32 different NTRK gene fusions

• 3 gRNAs per gene (9 pairs)

• Approximately 350 gRNAs (7 pools)

Ntrk fusions gRNA library:

NTRK In vivo dual-gRNA screening

Oldrini B., unpublished

Ntrk gRNA fusions 

lentivirus library

nu/nu mice

Tva; Cre; Trp53 lox/lox; LSL-Cas9

NSCs

NTRK fusion A

NTRK fusion B

NTRK fusion C

Tva; Cre; Trp53 lox/lox; LSL-Cas9

p0-p2 pups

Ntrk gRNA fusions 

RCAS library



NTRK fusions lead to 

growth factor independence

Oldrini B., unpublished

gRNA Ctrl

+ GF

- GF

Pool 1 Pool 3 Pool 4Pool 2



NTRK fusions lead to aggressive 

high-grade gliomas

Oldrini B., unpublished



Cocco E et al. (2018)

NTRK fusions: discovery timeline



Age independent efficacy of Larotrectinib 

Drilon et al., N Engl J Med (2018)


