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NTRK 1-3 are protein coding genes contained within the DNA of a cell that provide instructions for
synthesizing proteins.

The NTRK 1-3 genes encode for the TRK (tropomyosin receptor kinase) family of receptor proteins
that sit on the surface of cells, known as TrkA, TrkB, and TrkC.

TRK receptors are found primarily in neurons. The activating ligands are collectively referred to as
neurotrophins (nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF), NT-3 and NT-4).
These signaling pathways help regulate how neurons function in the setting of pain, cognition,
movement, memory, propioception and mood.

Translocations involving the TRK kinase domain, mutations involving the TRK ligand-binding site,
amplifications of NTRK, TRK splice variants, and autocrine/paracrine signaling are described in lung
cancer and other tumor types, and contribute to tumorigenesis (Vaishnavi, 2013).

**TrkA is present 3.3% , TrkB in 1.39% and TrkC < 1% .
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LOXO-101 : TRK-A, TRK-B, TRK-C INHIBITOR
(Bouhana et al. 2014 EORTC-NCI-AACR SYMPOSIUM NOV 20, 2014)

Phase I of LOXO-101: 15 patients evaluated across 3 dose cohorts
Orally administered and generally well tolerated.
Most common AEs:  Gr1 and 2 fatigue, dizziness and anemia. No SAEs.
MTD not reached. PK showed good systemic exposure of LOXO-101 after oral dosing 

(Burris et al. 2015 AACR APR 21, 2015).
7 SAEs were reported in 4 patients (unrelated)
At the 100-mg BID dose level, one DLT occurred, delirium (Grade 3, unrelated)
Tumors: CRC, head&neck, sarcoma, NSCLC, mesothelioma, peritoneal 
carcinomatosis, Anal, Thyroid,  Thymus, Pancreatic, Melanoma.

Current:  Oral TRK Inhibitor LOXO-101 for Treatment of Advanced Adult Solid Tumors. 
NCT02122913



10N Engl J Med 2018;378:731-9.
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Entrectinib (RXDX 101 or NMS-E628)
TRKA, TRKB, TRKC, ALK and ROS-1 (FDA orphan drug 2/2015)
400mg/m2 day 
7-8 more potent than crizotinib (CNS and mutants: L1196M and C1156Y)
Two Phase I studies: De Braud et al. (ASCO 2014 and 2015) and Manish et al (ASCO 
2015)
67 patients in both trials (NTRkA/B/C, ALK and ROS-1). 
17 pts reported: 58% ORR and 70% SD
DLT: G3 cognitive impairment and G3 fatigue.
AE: Paresthesias, nausea, myalgia, asthenia, fatigue, dysgeusia, vomiting. 
Current:
A Phase 1/2a Study of Oral RXDX-101 in Adult Patients With Locally Advanced or 
Metastatic Cancer; Study Targeting ALK, ROS-1 or TRK A/B/C
NCT02097810



Impact of MET inhibitors on survival<br />among patients with MET exon 14 mutant<br />non-small cell lung cancer
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Outcomes on Crizotinib
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RET FUSION



RET Fusion

• Patients: AdenoCA and adenoSCC carcinoma, never or former smokers, poor 
differentiation ?, earlier LN metastases

• Frequency:
– 1.4% in all,
– 5.6 % in “triple negative”( EGFR, ALK, KRAS)
– 6.3% in non smokers negative for EGFR, KRAS, ALK, HER2, BRAF, and 

ROS1
– 16% in non smokers negative for EGFR, KRAS, ALK, ROS1, NRAS, BRAF, 

HER2, PIK3CA, MEK1, and AKT

• Biology: Several variants have been identified in NSCLC so far
– Clinical significance is unknown.
– KIF5B-, CCDC6-, NCOA4-. TRIM33

Ju YS, Genome Res, 2012                       Drilon, Cancer Discover March 2013
Wang R, J Clin Oncol 30: 2012                 Kohno, Cancer Science Aug 2013



Response to Cabozantinib in Patients with <br />RET-Rearranged Lung Adenocarcinomas



Response to Cabozantinib



Overall Survival (OS)



Summary



RET Fusion Gene Agents

–Sunitinib, Sorafenib, Vandetanib, Carbozatinib, 
Ponatinib, and Lenvatinib all have potential for 
activity

–All active in KIF5B-RET–transformed cell lines
–Last 4 are in formal clinical trials
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PI3K PATHWAY



TCGA Nature 2012



HER-2 GENETIC 
ABERRATIONS



HER 2 Insertions
• Patients: Adenocarcinomas, never smokers
• Frequency: Incidence 2.8-4.2%
• Biology:

– In-frame insertions into exon 20. Transgenic mouse models 
confirm oncogenicity

• Therapy: 
– Drugs of interest: neratinib, afatinib, dacomitinib

• Preclinical models show synergy with mTOR inhibitors. 
• Clinical trial of neratinib + temsirolimus ongoing, several PR 

are reported 
• Both afatinib and dacomitinib have case reports of 

responses
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Agents Targeting HER2
Amplification and Protein Expression

• Trastuzumab
• Pertuzumab
• Lapatinib
• Ado-Trastuzumab Emtansine

Trials of Investigational Agents 
Targeting HER2 Mutations

• Dacomitinib
• Afatinib
• Neratinib
• Neratinib + Temsirolimus

HER2 in Lung Cancers



Pre- and Post-vinorelbine and trastuzumab treatment

Prior to treatment Post treatment



PI3K PATHWAY



Oncogenic PI3K pathway 
changes are common in SQCLC

PIK3CA mutation

PTEN mutation

PTEN loss

• PI3K alterations (PIK3CA mutations, PTEN mutations, PTEN loss) occur in ~30-50% of SQCLCs
• PIK3CA amplification occurs in another 20-30%

TCGA Nature 2012



KRAS GENETIC ABERRATIONS



Oncogenic KRAS mutations

• The KRAS oncogene in certain malignant 
tumors is present in one third of cases

• KRAS mutations in codon 12, 13 or 61

• KRAS mutation in CRC is a negative 
prognostic factor

• Prognostic and predictive role in lung 
adenocarcinoma is the most intensively 
studied question

Roberts, Stinchcombe JCO 2013



Incidence of KRAS mutation/smoking habits

KRAS mutation in NSCLC

Incidence of KRAS mutation in smoker adenocarcinoma patients: 24-43%  Strong 
correlation with number of cigarettes during lifetime and with pack-year

Ahrendt et al. Cancer 2001 Mitzudomi t al. Int J Clin Oncol 2006 Kosaka at al. Cancer Res 2004

Incidence of KRAS mutation in smokers and in non-smokers

Study No. of
smokers

No. of non-
smokers

KRAS mutation in
smokers

KRAS mutation in
non-smokers

P-value

Nelson 180 16 44 (24%) 0 0,028

Marchetti 35 35 12 (34%) 0 0,00016

De Gregorio 160 23 47 (29%) 0 0,0013

Gealy 32 23 8 (25%) 2 (9%) 0,18

Westra 84 27 36 (31%) 2 (7%) 0,017

Ahrendt 92 14 40 (43%) 0 0,0014

All 583 138 177 (30%) 4 (2,9%) <0,001



No response to EGFR-TKI treatment
in KRAS mutant lung adenocarcinoma

KRAS mutation in NSCLC

Courtesy of
G. Ostoros

Agent n Responses

Pao 2005 Gefitinib/Erlotinib 9 0

Tsao 2006 Erlotinib 20 1

Fujimoto 2006 Gefitinib 6 0

van Zandwijk 2006 Gefitinib 3 0

Han 2006 Gefitinib 9 0

Hirsch 2006 Gefitinib 6 0

Miller 2006 Erlotinib 19 0

Giaccone 2006 Erlotinib 10 0

Jackman 2007 Erlotinib 6 0

Douillard 2007 Gefitinib 20 0

Total 108 1 (< 1%)
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