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OVERVIEW—”NEW” MOLECULAR SUBTYPES IN NSCLC

• Precision medicine focuses attention on broad molecular testing
• Advances in targeted therapies in 2018: 

– RET 
– MET
– EGFR/HER2 EXON 20 insertion
– NTRK
– BRAF 

• Interplay between targeted therapies and IO
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LUNG CANCER SUBTYPES AND MOLECULAR DRIVERS



COMPREHENSIVE MOLECULAR PROFILING IN THE NEWS
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COMPREHENSIVE GENOMIC PROFILING—LIQUID OR TISSUE
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Tissue Biopsy
• Gold standard
• Invasive procedure
• Tissue accessibility
• Limited to biopsied tissue only
• Clinical complications
• Cost
• Time

Liquid Biopsy
• Non-invasive blood test
• “Summation” of tumor 

heterogeneity
• Potential for periodic monitoring for 

response or resistance
• Speed



NGS TESTING IN NSCLC SAVES CMS PAYER $1.4M TO $2.1M, AND PROPORTIONATE 
COMMERCIAL PAYER SAVINGS, WITH FASTER TURN AROUND TIME
Total payer test costs: 
 CMS (2,066 patients): $2,190,499 (NGS); $3,721,368 (Sequential); $3,584,177 (Exclusionary); and $4,331,295 (Hotspot panel).
 Commercial (156 patients):  $620,369 (NGS); $747,771 (Sequential); $624,178 (Exclusionary); and $871,211 (Hotspot panel).
Time to appropriate therapy:
 With NGS and Hotspot panel, patients initiate appropriate therapy 2.8 and 2.7 weeks faster that sequential and exclusionary, respectively.
 Patients with alterations with FDA approved therapies: NGS identifies 2.3% > sequential, and 5.9% > exclusionary
 Patients with alterations without FDA approved therapies: NGS identifies 43.7% > sequential and 32.2% > exclusionary, and 36.1% > Hotspot panel 

testing. 
 If 50% instead of 25% of NSCLC patients are NGS tested payer save $492,250 (CMS, n=2,066) and $52,421 (commercial, n=156).

CONCLUSION:  Upfront NGS testing in metastatic NSCLC patients yields substantial savings for US payers whilst promptly enabling the 
identification of the right patient for right treatment. NGS testing ought to be used more widely in metastatic NSCLC patients. 

Pennell et al. pASCO 2018



RET [REARRANGED DURING TRANSFECTION] ACTIVATED BY TWO MAJOR MECHANISMS
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 In NSCLC, RET fusions are present in 1% to 2% of cases. 
 Increases substantially in never-smokers with lung adenocarcinomas lacking other known driver oncogenes.

Drilon A. et al. 2018 ASCO Annual Meeting



RET FUSIONS
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 RET fusions reported in the literature are depicted including major recurrent KIF5B–RET fusions, CCDC6–RET, NCOA4–RET and the novel TRIM33–RET. 
 All fusions encode an intact RET kinase domain as shown in blue. Regions encoding coiled-coil domains that mediate dimerization are shown in red 

(the N-terminal NCOA4 coiled-coil domain is not well defined). 
 Part of the RET transmembrane domain encoded by RET exon 11 is shown in purple.

Drilon A. et al. Cancer Discovery 2013;3:630-635



RET INHIBITION IN NSCLC
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Ferrara et al. J Thorac Oncol. 2018 Jan; 13(1):27-45. 



RET: LOXO-292
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 LOXO-292 is a potent and selective RET inhibitor

Drilon A. et al. 2018 ASCO Annual Meeting



LIBRETTO-001- PHASE 1 DOSE ESCALATION WITH LOXO-292
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Drilon A. et al. 2018 ASCO Annual Meeting



CLINICAL ACTIVITY OF LOXO-292 IN RET-ALTERED CANCERS
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Drilon A. et al. 2018 ASCO Annual Meeting



EFFICACY OF LOXO-292
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RET FUSION-POSITIVE CANCERS ACROSS RET FUSION PARTERS

Drilon A. et al. 2018 ASCO Annual Meeting



73 YO M NEVER-SMOKER ATTORNEY S/P CHEMORADIATION, PEMBROLIZUMAB AND PRIOR RET INHIBITOR
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KIF5B-RET FUSION-POSITIVE NSCLC RESPONSE TO LOXO-292
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 Initiated LOXO-292 at 80 mg BID, currently 
160 mg BID (escalated at C4D1)

 Rapid improvement in shortness of breath 
and cough within a few days

 RECIST PR observed at his first response 
assessment at C2D1, confirmed at C3D1 
(maximum tumor reduction-67%)

 Remains in response and on study in month 4

Drilon A. et al. 2018 ASCO Annual Meeting



MET: MESENCHYMAL EPITHELIAL TRANSITION FACTOR RECEPTOR 
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 MET Alterations: MET exon 14 skipping mutations and MET amplification

Drilon, et al. J Thorac Oncol. 2017 Jan;12(1):15-26. 
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Awad, et al. 2017 ASCO Annual Meeting
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Awad, et al. 2017 ASCO Annual Meeting
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Felip et al. 2018 ASCO Annual Meeting



VISION: A PHASE II, SINGLE-ARM TRIAL TO INVESTIGATE TEPOTINIB IN ADVANCED 
NSCLC WITH MET EXON14-SKIPPING ALTERATIONS
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 Single-arm, open-label, Phase II trial conducted at ~90 sites in Belgium, France, Germany, Italy, 
Japan, Poland, Spain, and the USA

Felip et al. 2018 ASCO Annual Meeting



EFFICACY: CHANGE IN SUM OF TARGET LESION DIAMETER: (INDEPENDENT REVIEW)
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Number of prior anticancer drug therapy lines

n=31. Seven patients were excluded due to baseline/on-treatment measurement not being available. 
BOR displayed at the end of the bar. 
NE*, BOR non-evaluable where ongoing patient has not had 2 post-baseline tumor assessments. 
BOR, best overall response; CR, complete response; L, liquid biopsy; NE, non-evaluable; PD, progressive disease; PR, partial response; SD, stable 
disease; T, tumor biopsy.

Felip et al. 2018 ASCO Annual Meeting



MET AMPLIFICATIONS: CRIZOTINIB IN PATIENTS WITH MET-AMPLIFIED NSCLC
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 MET amplification has been reported in a subset of patients with 
non-small cell lung cancer (NSCLC), with frequency depending on 
the definition used.

 Crizotinib (XALKORIR), an ALK/ROS1/MET inhibitor approved in ALK-
or ROS1-positive NSCLC, has also shown clinical activity in cases of 
MET-amplified NSCLC.

 Preliminary analysis of a cohort of patients with MET-amplified 
NSCLC (N=14) enrolled in a phase 1 study of crizotinib (A8081001) 
was presented in 2014 using MET/CEP7 ratio cutoffs of ≥1.8–≤2.2, 
>2.2–<5.0 and ≥5.0 to define low, medium and high levels of MET 
amplification, respectively.

– In March 2017, the MET/CEP7 ratio cutoffs for the medium and 
high amplification levels were revised to >2.2–<4.0 and ≥4.0, 
respectively, in order to enrich the high MET group with potential 
responders

Camidge et al. 2018 ASCO Annual Meeting



TUMOR RESPONSE IN THE RESPONSE-EVALUABLE POPULATION BY MET AMPLIFICATION 
GROUP
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 Waterfall plot displays the best percent changes in target 
lesion size from baseline by derived tumor assessment in 
the response-evaluable population

 Tumor shrinkage was seen in all 3 MET amplification 
groups, and most patients in the high group had some 
degree of tumor shrinkage

Camidge et al. 2018 ASCO Annual Meeting



EGFR/HER2 EXON 20 INSERTIONS
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 The epidermal growth factor receptor (EGFR) family is subclass I of the receptor TK superfamily, and consists of four 
members, EGFR (ErbB1), HER2 (ErbB2), EGFR3 (ErbB3), and EGFR4 (ErbB4).

Gazdar AF, Minna JD (2005) Inhibition of EGFR Signaling: All Mutations Are 
Not Created Equal . PLoS Med 2(11): e37
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Doebele R.C. et al. 2018 ASCO Annual Meeting 



SCHEMA OF FIRST IN HUMAN TRIAL OF ORAL TAK-788
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Doebele R.C. et al. 2018 ASCO Annual Meeting 



ANTITUMOR ACTIVITY OF TAK-788
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a Includes 40 mg bid, 80 mg qd, 60 mg bid, 120 mg qd, and 160 mg qd dose groups
b Per RECIST v1.1
* Response awaiting confirmation

One patient with a HER2 mutation treated with 120 mg QD had a PR (awaiting confirmation)

Doebele R.C. et al. 2018 ASCO Annual Meeting 
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Hyman DM, et al. 2017 ASCO Annual Meeting



NTRK: NEUROTROPHIC RECEPTOR TYROSINE KINASE
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Hyman DM, et al. 2017 ASCO Annual Meeting



TRK FUSIONS IN CANCER
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Hyman DM, et al. 2017 ASCO Annual Meeting



THE EFFICACY OF LAROTRECTINIB (LOXO-101), A SELECTIVE TROPOMYOSIN RECEPTOR 
KINASE (TRK) INHIBITOR, IN ADULT AND PEDIATRIC TRK FUSION CANCERS

Hyman DM, et al. 2017 ASCO Annual Meeting

Larotrectinib
 First and only selective pan-TRK inhibitor in 

clinical development
 Potent against TRKA, TRKB, TRKC: 5-11 nM IC50

Development Timeline:
 March 2015: 1st TRK-fusion patient treated
 July 2016: Breakthrough therapy designation
 February 2017: Pivotal enrollment complete
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EFFICACY OF LAROTRECTINIB IN NTRK1/2/3 FUSION CANCERS

Hyman DM, et al. 2017 ASCO Annual Meeting
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SQSTM1-NTRK1 LUNG CANCER PATIENT

SQSTM1-NTRK1 LUNG CANCER PATIENT

Hyman DM, et al. 2017 ASCO Annual Meeting
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BRAF V600E
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EFFICACY OF IMMUNE-CHECKPOINT INHIBITORS (ICI) IN NON-SMALL CELL LUNG CANCER (NSCLC) PATIENTS HARBORING ACTIVATING MOLECULAR ALTERATIONS 
(IMMUNOTARGET).

Mazieres, J. et al 2018 ASCO Annual Meeting



IMMUNOTARGET COHORT: PDL1 STATUS
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 PDL1 expression analyzed by IHC in each 
center.

 Median of PDL1 expression for each driver 
(median and standard deviation).

Mazieres, J. et al 2018 ASCO Annual Meeting



IMMUNOTARGET COHORT
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 Retrospective multicenter cohort

Inclusion:
 Patients with known activating mutation
 Treated with ICI monotherapy (any line)

 Primary objective: PFS under ICI
 Secondary objectives: RR, OS, PFS ratio
 Exploratory objective: PDL1 expression

Mazieres, J. et al 2018 ASCO Annual Meeting



IMMUNOTARGET COHORT
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Mazieres, J. et al 2018 ASCO Annual Meeting



CONCLUSIONS

• NGS Testing (Plasma or Tissue) increasingly recognized as 
important for assigning treatment options

• More therapies targeting driver oncogenes are rapidly 
approaching FDA approval

• Sequencing these agents with immunotherapy may be 
effective depending on the patient and driver oncogene but 
should likely be considered after conventional therapies 
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