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Background driver mutations

Cancer-associated gene mutations

Driver Passenger

Mutations  that 
provide a selective 
growth advantage 

Do not directly 
contribute to the ongoing 
proliferation

Principles of Cancer Genetics 2nd edition

Tumorigenesis 

Achilles  heel



Key signalling pathways of oncogenic drivers in NSCLC



NSCLC by histology and mutations

Transl Lung Cancer Res 2015;4(1):36-54





July 2016-October 2018-Harbin Cancer Hospital

5,003=adeno(3,243 tissues;1,760blood samples)

230=squamous(134 tissue;96 blood samples)



Mutually  exclusive

Genomic Profiling of Driver Gene Mutations in Chinese Patients With Non-Small Cell Lung Cancer. Front. Genet. 10:1008. doi: 10.3389/fgene.2019.01008



Three categories of genotypes

Journal of Pathology and Translational Medicine 2017; 51: 242-254
https://doi.org/10.4132/jptm.2017.04.10



Diagnosis 

CA CANCER J CLIN 2019;69:305–343

Category Mutation Gene rearrangement Amplification
DNA Direct sequencing

PCR-based methods
NGS

FISH
NGS

FISH
qPCR
NGS

RNA RT-PCR (fusion 
transcript)
NGS

Real-time PCR (mRNA 
overexpression)

Protein IHC (mutation-specific 
antibody)

IHC (protein 
expression)

IHC (protein overexpression)



CA CANCER J CLIN 2019;69:305–343

Gene Representative subtypes or 
variants

Frequency Method 

Mutations

EGFR Exon 19 deletion, Exon 21 
L858R, Exon 20 T790M

40%–50% in ADCsa
10%–20% in ADCsb

SCREENING METHODS
1. Sanger sequencing,
2. Next Generation Sequencing 
(NGS),
3. High Resolution Melt 
Analysis (HRMA) and
4. Pyrosequencing
TARGETED METHODS
1. ddPCR
2. Real-time PCR
3. NGS

KRAS G12X, G13X, G61X 5%–10% in ADCsa
20%–30% in ADCsb

Gene sequencing

BRAF V600E 1%–4% in ADCs NGS, pyrosequencing,
AS-PCR

HER2 p.A775 G776insYVMA in exon 
20

1%–2% in ADCs NGS, multiple mutation
testing

MET Splice site mutations around or 
in exon 14

3%–4% in ADCs NGS, FISH



Diagnosis 

Journal of Pathology and Translational Medicine 2017; 51: 242-
254

https://doi.org/10.4132/jptm.2017.04.10

Gene Representative subtypes or 
variants

Frequency Method 

Gene fusions

ALK EML4-ALK, TGF-ALK, KIF5B-ALK 5% in ADCs FISH,IHC,RT-PCR,NGS

ROS1 CD74-ROS1, EZR-ROS1, 
SLC34A2-ROS1, SDC4-ROS1

1% in ADCs FISH,IHC,RT-PCR,NGS

RET KIF5B-RET, CCDC6-RET 1% in ADCs NGS, FISH, RT-PCR

NTRK1 MPRIP-NTRK1 and CD74-
NTRK1, TPM3-NTRK1

< 1% in ADCs NGS,IHC

FGFR1/3 FGFR3-TACC3, BAG4-FGFR1 1% in NSCLCs NGS,RT-PCR

NRG1 CD74-NRG1, SLC3A2-NRG1, 
VAMP2-NRG1

7% in mucinous ADCs NGS

Amplifications

FGFR1 Gene amplification 13%–22% in SQCs NGS

EGFR Gene amplification 8%–9% in SQCs, NGS

MET Gene amplification 2%–4% in ADCs NGS

HER2 Gene amplification 1%–2% in ADCs NGS





Spanish Society guidelines



Spanish Society guidelines

Clinical and Translational Oncology Spanish Society of Medical Oncology https://doi.org/10.1007/s12094-019-02218-4
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ROS1 oncogene
• Chromosome  6q22 - Receptor 

tyrosine kinase

• Fusion   gene partners of ROS1 

comprise several genes, including 

CD74, EZR, FIG1, CCD6, KDELR2, 

LRI3, SDC4, SLC34A2, TPM3 and 

TPD52L1. 

• 3′ region of the kinase domain of 

ROS1 to the 5′ region of the 

partner gene 



ROS1 oncogene

• ROS-1 (1–2%) NSCLC adenocarcinoma

• Overall survival irrespective of use of targeted therapy is longer

• Usually  mutually exclusive with other mutations

• Young  patients, Asian origin, women, never-smokers and adenocarcinoma

• Most  frequent fusion partner being CD74 (40 to 45%)

• More susceptible to brain metastases 

• lower ORR to crizotinib than non-CD74-ROS1



ROS1 oncogene

• ROS1 fusion detection 

methods include fluorescence 

in situ hybridization (FISH), 

immunohistochemistry (IHC), 

reverse transcription-

polymerase chain reaction 

(RT-PCR), and next-generation 

sequencing (NGS)



NCCN guidelines version 4.2020



ESMO-2018 Guidelines





Rationale-Crizotinib

• First-kinase domains of ALK and ROS1 share 77% amino acid identity within the ATP-

binding sites.

• Second- cell-based assays for inhibition of autophosphorylation of different kinase 

targets, both ALK and ROS1 are sensitive to crizotinib, with a half-maximal inhibitory 

concentration of 40 to 60 nM

• Third-cell lines expressing ROS1 fusions, crizotinib potently inhibits ROS1 signaling and 

cell viability

• Finally-case reports have described marked responses to crizotinib in patients with ROS1-

rearranged NSCLC



Open label, multi-center Phase 1 dose escalation, safety, pharmacokinetic and exploratory study

Eligible criteria

• Advanced  NSCLC with a ROS1

• Age  of at least 18 years

• ECOG status of 0 to 2

• Adequate organ function

Intervention 

• Crizotinib 50 mg dose-escalation phase to full 

dose of 250 mg twice daily 28 days cycle

Treatment continued until the occurrence of RECIST-defined disease progression or

clinical deterioration, unacceptable toxic effects, withdrawal from the study or death





Among the 50 patients, the median duration

of treatment was 64.5 weeks (range, 2.3 to

182.0), and 30 patients (60%) continued to re

ceive crizotinib after the data cutoff date

Median progression-free survival was 19.2 months

(95% CI, 14.4 to NR)



• Median follow-up for overall survival was 16.4 months (95% 

CI, 13.8 to 19.8)

• Nine of the 50 patients (18%) had died by the time of data 

cutoff

• The overall survival rate at 12 months was 85% (95% CI, 72 

to 93)

Resistance to crizotinib

Secondary  mutation that hinders drug binding27

and activation of epidermal growth factor

receptor, which enables cancer cells to bypass

crizotinib-mediated inhibition of ROS1 signalling pathway

FDA approved  for the treatment of advanced

ROS1-rearranged NSCLC in March 2016



Median PFS ORR Duration of 
response

Time of first 
response

Median OS Median 
duration of 
treatment

• AcSe´ phase 

II trial

• 5606=patient

s

• 78=ROS-1
2019

Crizotinib
250 mg 
twice daily

5.5 months 
with a
95% CI [4.2–
9.1
months]

72%. 17.2 months 
with a
95% CI [6.8–
32.8
months]

11.1 (1 day 
to 42.7
months) 
months 

PROFILE 1001 
2019
N=53

crizotinib at 
a starting 
dose of 250 
mg twice 
daily 

19.3 (15.2–
39.1) 
months 

72 (58–83) 24.7 (15.2–
45.3) 
months 

7.9 (4.3–
103.6) weeks 

51.4 (29.3–
NR) months

22.4 months

EUROS1 Cohort crizotinib 
(250mg
two times 
per day) for

9.1 months 80%



Median PFS ORR Duration of 
response

Time of first 
response

Median OS Median 
duration of 
treatment

EUCROSS
N=34
open-label
phase II trial

250 mg 
crizotinib 
twice daily

20.0 months 
(95% CI: 
10.1–not
reached)

70% (95% 
confidence 
interval [CI]: 
51–85

20.0 months 
(95%
CI: 10.1–not 
reached 
[NR])

Survival  
rates at 12 
months and 
24
months were 
83% (95% CI: 
69%–97%) 
and 63% 
(95%
CI: 42–84)

Phase II Study
Yi-LongWu
East Asian 
patients

crizotinib at 
a starting 
dose of 250 
mg twice 
daily

15.9
95% CI 12.9 
to 24.0

(71.7%)
95% CI(63.0 
to 79.3
)

19.7
95% CI 14.1 
to NR

32.5
95% CI 32.5 
to NR





Ceritinib

• Ceritinib (LDK378) is a more potent and selective oral tyrosine kinase inhibitor of 

ALK and has shown promising clinical activity in both crizotinib-naiıve and 

crizotinib-treated patients

• Ceritinib  demonstrated superior efficacy compared with standard second-line 

chemotherapy in patients with crizotinib-resistant ALK rearrangement

• Ceritinib  crossed the blood-brain barrier



• Open-label, phase II study

• 10 academic hospitals across the Republic of Korea

• Eligible criteria

• Advanced  NSCLC with a ROS1

• Age  of at least 20 years

• ECOG status of 0 to 2

• Adequate organ function

• Ceritinib   750 mg/ day PO after 2-hour 

fasting in continuous 28-day treatment 

cycles

• Patients continued with ceritinib until 

objective evidence of disease progression 

or intolerance



Demography 
Median  follow-up was 14.0 months



• Objective response rate was 62% (95% CI, 45% to 77%)

• Duration  of response was 21.0 months (95% CI, 17 to 25 months)

• Disease  control rate was 81% (95% CI, 65% to 91%)



• Median  overall survival was 24 months (95% CI, 5 to43 months)

• Median  progression-free survival was 9.3 months (95% CI, 0 to 22 months) for all patients and 19.3 months 

(95% CI, 1 to37 months) for crizotinib-naïve patients.



• Of the eight patients with brain metastases, 

intracranial disease control was reported in 

five (63%; 95% CI, 31% to 86%)

• The most common adverse events (majority, 

grade 1 or 2) for all treated patients were 

diarrhea (78%), nausea (59%), and anorexia 

(56%)





Entrectinib

• Entrectinib is a multikinase inhibitor against ROS1 (in addition to tropomyosin 

receptor kinase [TRK] A, B, and C and ALK

• In rat models entrectinib is 40 times more potent than crizotinib in vitro

• Ability  to effectively cross the blood–brain barrier and be retained in the CNS

• In preclinical studies, entrectinib achieved substantial concentrations in the CNS, 

with a blood-to-brain ratio of 0.4–1.9 in mice, rats, and dogs

• Up to 36% of patients with ROS1 fusion-positive NSCLC have brain metastases at 

the diagnosis of advanced disease



• Patients (aged ≥18 years),locally advanced ormetastatic solid tumours harbouring 

ROS1 fusions were enrolled in one of two phase 1 studies (ALKA-372-001or 

STARTRK-1) phase 2 global basket study(STARTRK-2) 

• ALKA-372-001 was done at two cancer centres in Italy. STARTRK-1 was done at 

ten sites: one hospital and seven cancer centres in the USA, one hospital in Spain, 

one centre in South Korea. STARTRK-2 is ongoing at more than 150 sites



• For integrated efficacy analysis criteria:

• locally advanced or metastatic NSCLC - ROS1 fusion, 

• they were ROS1 TKI naive, 

• measurable disease 

• ECOG performance status of 0–2

• Received  at least 600 mg (one dose) of entrectinib











• Median  overall survival was not estimable (95% CI 15.1 to not estimable)

• At the time of data cut off, nine (17%) of 53 patients had died

• 45 (85%; 95% CI 74–95) patients were alive at 12 months

• 43 (82%; 70–93) were alive at 18 months















Repotrectinib 
(TPX-0005)

• Repotrectinib is a next-generation 

ROS1/TRK/ALK TKI inhibiting ROS1

• 90-fold greater potency than crizotinib

• Preclinical studies showed effect against 

all known ROS1 fusion positive resistance 

mutations(most common ROS1 solvent-

front mutation (SFM) G2032R)

• Confirmed diagnosis of 

locally advanced or 

metastatic solid tumor that 

harbours an ALK, ROS1, 

NTRK1-3gene 

rearrangement

• ECOG Performance Status 

score of 0-1

• Age ≥18



Methodology 

Phase 1

• Phase 1a-dose escalation
• Phase 1b-food-effect sub-study
• Phase 1c dose escalation with 

food, and Midazolam drug-drug 
interaction sub-study

Repotrectinib dose 40 mg 
QD to 200 mg BID

DLTs
RP2D

Oral repotrectinib-6 distinct expansion cohorts

EXP-1: ROS1 TKI-naïve ROS1+ NSCLC

EXP-2: 1 Prior ROS1 TKI ROS1+ NSCLC

EXP-3: 2 Prior ROS1 TKIs ROS1+ NSCLC

EXP-4: ROS1 or ALK TKI-naïve ROS1+ or ALK+ solid tumors

EXP-5: TRK TKI-naïve NTRK+ solid tumors

EXP-6: TRK TKI-pretreated NTRK+ solid tumors

Phase 2



Results 

• 75 pts were treated with dose levels from 40 mg QD to 200 mg BID

• Median number of prior TKI treatment was 1 (0-3) in 83% of TKI pre-treated

TKI-naïve ROS1+ NSCLC (n=10) TKI-pre treated (n=18)

ORR 90% (95% CI 56 - 100) 28% (95% CI 10 – 54) 

DOR Not  reached 10.2 mos

Intracranial ORR 3/3 (100%) 2/4 (50%)

Intracranial DOR 5.5+; 7.2+; 14.85+ mo 5.5+;14.8+, mo



Results 

• Subgroup analysis showed cORR 44% (95% CI 14 - 79) in 9 prior TKI pts and 

treated at dose levels of 160 mg QD or above

• Most AEs were manageable and grade (Gr) 1-2

• Common ( > 20%) treatment-related AEs were dizziness (49%), dysgeusia (48%), 

paresthesia (28%), and constipation (20%). 

• Four DLTs (Gr3 dyspnea/hypoxia (n = 1); Gr2 (n = 1) and Gr3 (n = 1) dizziness at 

160 mg BID, and Gr3 dizziness (n = 1) at 240 mg QD)



DS-6051b

DS-6051b-oral, small molecule TKI with high affinity for ROS1 and NTRK kinases





BRAF

• BRAF is a serine/threonine kinase 

• RAS/MAP/ERK signalling pathway

• Seen in 0.5% to 4.9% of lung cancers

• Adeno  > squamous

• Two type of mutations

• PV600E & non-p.V600E BRAF-exon 11 

• BRAF p.V600E (glutamate to valine) exon 15-

• 500 x kinase activity

• 1 to 2% of lung adenocarcinomas 



BRAF p.V600E

• Roughly  50% of BRAF-mutant NSCLC

• Frequent  in females and never smokers

• Mutually  exclusive of KRAS, EGFR, or ALK

• Testing Methodologies: 

• Real-time PCR, Sanger sequencing & NGS

• Mutation specific IHC -antibodies against the p.V600E mutant 

protein (VE1)

• Currently  insufficient evidence to support a recommendation 

either for or against BRAF p.V600E IHC (VE1) testing in NSCLC



NCCN guidelines version 4.2020

Single-agent vemurafenib or dabrafenib are treatment options if the combination of dabrafenib + trametinib is not tolerated





BRAF and MEK 
inhibitors in melanoma

Progression -free survival (PFS) of 5.3 months and overall survival (OS) of 13.6 months with
vemurafenib as compared with 1.6 months PFS and 9.7 months OS with dacarbazine in patients
with BRAF V600E-mutated metastatic melanoma

Phase 3 randomized clinical trial 

US FDA approved vemurafenib in 2011 for metastatic BRAF V600E-mutant melanoma



Dabrafenib had longer PFS of 5.1 months as compared with 2.7 months with dacarbazine

Dabrafenib was approved by the US FDA in 2013 for BRAF V600E-mutated melanoma patients



Problem with BRAF 

• Both vemurafenib and dabrafenib were well tolerated with only mild toxicities in 

both these clinical trials

• Longer  follow up suggested that patients treated with BRAF inhibitors developed 

disease progression within 6 months of initiation of treatment due to 

development of resistance

• Patients  developed secondary skin cancers, including squamous cell carcinoma 

and keratoacanthoma, mainly due to paradoxical activation of the MAPK pathway 

in BRAF nonmutant cells



MEK1/2 inhibitor-
Trametinib

Trametinib was associated with statistically significant improvement in response rate (22% versus 
8%) and median PFS of 4.8 months as compared with 1.5 months with chemotherapy

However later studies no statistically significant response of trametinib in patients who were previously treated with a BRAF
inhibitor, indicating that BRAF inhibitor resistance mechanisms also confer resistance to MEK inhibitor monotherapy



Pre-clinical models of BRAF-mutant
melanoma, synergistic antitumor activity
and delay in emergence of acquired
resistance was noted with combination of
BRAF inhibitors with MEK inhibitors

Patients in the combination arm had a median PFS of 11 months and OS of 25.1 months as 
compared with PFS of 8.8 months and OS of 18.7 months in dabrafenib-only treated patients

Incidence  of secondary skin cancers was lower in the combination arm (2%) as compared with the dabrafenib-only arm (9%)



BRAF and MEK inhibitors in NSCLC

• Early in vitro studies demonstrated efficacy in treatment of BRAF V600-mutated 

NSCLC using a single-agent BRAF inhibitor

• Preclinical studies also demonstrated that BRAF mutations predicted sensitivity of 

NSCLC cells to MEK inhibitors. 

• Combination of BRAF and MEK inhibition was synergistic and delayed emergence 

of acquired resistance in NSCLC harbouring BRAF V600E mutation

• Early case reports documented a partial response (PR) to the isolated use of BRAF 

inhibitors in BRAF V600E-mutated NSCLC patients

• Durable  response was noted in combination therapy of BRAF and MEK inhibitors



Retrospective  study, 35 patients with advanced

NSCLC with BRAF mutations were treated with different 

BRAF inhibitors including vemurafenib 960 mg 

BD,dabrafenib150 mg BD, or sorafenib 400 mg OD



Rapid tumor response was observed, with 2 patients noted to have complete response, 16 patients had a PR

and 11 patients achieved stable disease.4 patients were reported to have progressive disease after treatment



• First-line therapy, including chemotherapy, PFS was 37 wks (9.3 months) for V600E and 6 wks (1.5 months) for 

non-V600E 

• OS -101 wks (25.3 months) for V600E and 47 weeks (11.8 months) for non-V600E



For BRAF therapy

• Median  PFS was 20 weeks (5.0 months; 95% CI:12–41 weeks)

• OS was 43 weeks (10.8 months; 95% CI:22–96 weeks)



Median duration of BRAF 

therapy 17 weeks (4.3 months; 

range, 2–164 weeks



Prospective  study which assessed 

response to vemurafenib monotherapy 

in BRAFV600-mutated nonmelanoma 

solid tumors including NSCLC







• ORR-42% (95% confidence interval [CI], 20 to 67) 

• Tumor regression seen in 14 of 19

• Median  PFS- 7.3 months(95% CI, 3.5 to 10.8). 

• 12-month rate of PFS -23%(95% CI, 6 to 46). 

• Preliminary 12-month OS rate-66% (95% CI, 36 to 85). 

• At cut-off date 5 patients were still receiving therapy

• Common adverse events in >20% of pts

• Most  common adverse events were rash (68% of 

patients), fatigue (56%), and arthralgia (40%)









All  patients previously 

treated 

patients 

previously 

untreated 

Median 
treatment 
duration

6.0 months 

(IQR, 2.8 to 

11.5 months)

5.7 months 

(IQR, 2.8 to 

11.2 months)

12.0 months 

(IQR, 4.0 to

13.9 

months)



• Advanced  NSCLC

• BRAF mutations

• Measurable  lesion

• ECOG PS < 2

BRAFV600

BRAFnonV600

• Vemurafenib  PO 960 mg BD

• Until disease progression,

• Unacceptable toxicity

Primary  objective 

• objective response rate (ORR)

secondary efficacy outcomes

• Duration  of response

• Progression-free survival (PFS) 

• Overall survival (OS)

Safety - by clinical, biological, and 

cardiac evaluations

Tumour  response was assessed every 8 weeks from baseline by CT scan using RECISTv1.1



• Median  duration of treatment was 3.3 
months (range 0.03-27.4) Vs 1.5 months 
(range0.2-2.1) 

• Treatment was modified (dose 
reductions and/or treatment delays) 
due to toxicity in 60 patients (60%) Vs 
12 patients (80

• In the V600 cohort, 56 patients(56%) 
discontinued vemurafenib due to 
disease progression and 24 (24%) due 
to toxicity. 

• In the nonV600 cohort,10 patients 
(67%) discontinued vemurafenib due to 
disease progression and 3 (20%) due to 
toxicity



Median  follow-up of 23.9 months (95% CI 19.8-25.0)

BRAFV600 cohort BRAFnonV600 cohort

Objective response rate 44.9% (95% CI 35.2%e54.8%) 5.9% (95% CI 0.2%-20.6%)

Median response duration 6.4 months (95% CI 5.1-7.3)

Median PFS 5.2 months (95% CI 3.8e6.8)(V600-E)
3.8 months (V600-D), 
5.9 months (V600-M),
2.1 and 6.8 months (2 pts V600-K)

1.8 months
(95% CI 1.4-2.1)

Median OS 10 months (95% CI 6.8-15.7) 5.2 months (95% CI 2.8-18.7)



Median PFS-1.9 months (95% CI 1.5-3.9) in the 26 patients (22.6%) with brain metastasis and 5.4 months

(95% CI 3.8-7.2) in the 89 patients (77.4%) without brain metastasis  







Phase  2, multicentre, non-randomised, open-label study

34 centres in ten countries within North America, Europe, and Asia

C-Dabrafenib  (150 mg BD PO) plus

trametinib (2 mg OD PO) as first-line treatment

A-Dabrafenib  150 mg BD PO as second line

or later treatment

B-Dabrafenib (150 mg BD PO) plus trametinib (2

mg OD PO) as second line

Primary  endpoint 

• Overall response rate

Secondary endpoints

• Progression-free survival

• duration  of response

• Disease  control

• Overall  survival 

• pharmacokinetic assessment, 

• Safety  & tolerability of dabrafenib



Inclusion Criteria

• Histologically or cytologically 

confirmed NSCLC stage IV with BRAF 

V600E mutation 

• For Cohorts A and B, documented 

tumor progression (based on 

radiological imaging) after receiving at 

least one prior approved platinum-

based chemotherapy regimen for 

advanced stage/metastatic NSCLC

• Cohort B < 3 prior systemic treatments

• Measurable disease [RECIST 1.1]

• At least 18 years of age

• Anticipated life expectancy of at least 
three months

• ECOG Performance Status of 0-2

• Must have adequate organ function



Exclusion criteria

• Previously  treated with a BRAF or MEK inhibitor or had

• Symptomatic  or unstable brain metastases

• Anticancer  treatment within 14 days of starting dabrafenib

• Treatment  with an investigational anticancer drug within 14 days or five half-lives 

of starting dabrafenib

• Infection with hepatitis B or C virus

• History  or signs of cardiovascular risk and pregnancy



Cohort-A



Cohort-B



Cohort-C



Cohort -A
Dabrafenib  150 mg
BD PO as secondline
or later
treatment
(n = 78)

Cohort -B
Dabrafenib  (150 mg BD
PO) plus trametinib (2
mg OD PO) as secondline
or later treatment
(n = 57)

Cohort-C
Dabrafenib  (150
mg BD PO) plus
trametinib (2 mg
OD PO) as first-line
treatment (n = 36)

Age (years) 66 (28–85) 64 (58–71) 67 (62–74)

Male 39 (50%) 29 (51%) 14 (39%)

Never smoker 29 (37%) 16 (28%) 10 (28%)

Smoker ⩽30 packyears 25 (32%) 22 (54%) 17 (47%)

Smoker >30 packyears 24 (31%) 19 (46%) 7 (19%)

Overall response
rate (complete
response + partial
response)

26 (33%; 23–45%) 36 (63.2%; 49.3–75.6%) 23 (64%; 46–79%)

Disease control rate
(complete response
+ partial response
+ stable disease)

45 (58%; 46–67%) 45 (78·9%; 66.1–88.6%) 27 (75%; 58–88%)



Cohort -A
dabrafenib 150 mg
BD PO as secondline
or later
treatment
(n = 78)

Cohort -B
dabrafenib (150 mg BD
PO) plus trametinib (2
mg OD PO) as secondline
or later treatment
(n = 57)

Cohort-C
dabrafenib (150
mg BD PO) plus
trametinib (2 mg
OD PO) as first-line
treatment (n = 36)

Progression-free
survival (months)

5.5 (3.4–7.3) 9.7 (6.9–19.6) 10.9 (7.0–16.6)

Duration of
response (months)

9.6 (5.4–15.2) 9.0 (6.9–18.3) 10.4 (8.3–17.9)

Overall survival 12.7 (7.3–16.3) 18.2 (14.3–not
estimable)

24.6 (12.3–not
estimable)

Adverse effects
(grade 3–4)

Pyrexia - 2 (2%)
Asthenia - 5 (6%)
Anemia - 2 (2%)
Squamous cell
carcinoma - 10
(12%)
Dyspnea - 2 (2%)
Rash - 1 (1%)
Hypertension - 1
(1%)

Pyrexia - 1 (2%)
Asthenia - 2 (4%)
Anemia - 3 (5%)
Squamous cell
carcinoma - 2 (4%)
Dyspnea - 2 (4%)
Rash - 1 (2%)
Hypertension - 0 (0%)

Pyrexia - 4 (11%)
Asthenia - 1 (3%)
Anemia - 1 (3%)
Squamous cell
carcinoma - 1 (3%)
Dyspnea - 2 (6%)
Rash - 1 (3%)
Hypertension - 4
(11%)





NTRK Rearrangements

• Tropomyosin  kinase receptors, TRKA, B and C 

are encoded by -NTRK1, 2, and 3

• Fusion events with the kinase domain of 

NTRK1, 2, and 3 genes with various partners 

result in NTRK gene fusions, which are 

oncogenic drivers



NTRK Rearrangements

• NTRK1 and NTRK2 rearrangements occur in 3 to 4% NSCLC

• CD74, MPRIP,SQSTM1, TRIM24 are their known fusion partners

• NTRK gene fusions occur regardless of gender, age, and smoking history

• Mutually exclusive with KRAS, EGFR, ALK, ROS1, or other known drivers



NTRK Rearrangements-diagnosis(ESMO 2019)



FDA approved in MAY 2018



larotrectinib is potent and highly selective small-

molecule inhibitor

of all three TRK proteins



Study design

• The program involved three clinical studies: 

• Phase  1 study involving adults,

• Phase  1–2 study involving children, and a

• Phase  2 “basket” study involving adolescents & adults

• For the primary analysis, 55 patients (aged 4 months to 

76 years) with TRK fusion cancer detected by molecular 

profiling, were enrolled across 3 phases

• ORR is 75% regardless of tumor type

• Only 4 patients have lung cancer



Methodology 

• Eligibility criteria - locally advanced or metastatic solid tumor, ECOG score of 0–3, 

adequate major organ function and no prior TRK-inhibitor therapy

• Patients received larotrectinib at 100 mg (BID) orally, until disease progression 

occurred or a lack of clinical benefit

• Tumor response was assessed by investigators and by independent radiology 

review at baseline and every 8 weeks for 1 year, and every 12 weeks thereafter 

until disease progression, according to RECIST v 1.1. 

• Safety data were recorded until 28 days after the last dose of larotrectinib



Durable responses 

(ranging from 8.21 to 

>20.27 months) were 

seen in 3 of 4 patients



• 55 patients the majority of 

AE (93%) were grade 1 or 2, 

with few grade 3 or 4 events 

reported 

• Adverse events leading to 

dose reduction occurred in 

only 15% of patients

• In NSCLC all have grade 1 

adverse events reported, 

except for one grade 2 

adverse event (decreased 

neutrophil count)



Results 

• Three different categories of mutations were observed after larotrectinib

progression and may represent resistance mechanisms, including substitutions in 

the solvent front (NTRK1 p.G595R, NTRK3 p.G623R), the gatekeeper position 

(NTRK1 p.F589L), and the xDFG position (NTRK1 p. G667S, NTRK3 p.G696A)

• FDA approved in MAY 2018



• Entrectinib is a multikinase inhibitor against ROS1 (in addition to 

tropomyosin receptor kinase [TRK] A, B, and C and ALK

• Effectively  cross the blood–brain barrier and be retained in the CNS

• Integrated  database comprised the pivotal datasets of three, ongoing 

phase 1 or 2 clinical trials (ALKA-372-001,STARTRK-1, and STARTRK-2)



METHODOLOGY

• Patients aged 18 years or older 

• Metastatic  or locally advanced NTRK fusion-positive solid tumours. 

• ECOG of 0–2 and could have received 

• Previous  anticancer therapy (except previous TRK inhibitors).

• Entrectinib orally 600 mg once per day in a capsule

• Primary  endpoints- objective response and duration of response







In 54 patients 

• ORR of 57.4%, 

• Median  PFS of 11.2m

• Median  OS of 20.9m



• Median follow-up 

was 12.9 months 16 

(30%) of 54 patients 

had died

• Median  overall 

survival was 21 

months (95% CI 14.9 

to not estimable)



Adverse events

• Most common grade 3 or 4 treatment-related adverse events in both safety 

populations were increased weight (seven [10%] of 68 patients in 

the NTRK fusion-positive safety population and in 18 [5%] of 355 patients in 

the overall safety-evaluable population) and anaemia (8 [12%] and 16 [5%]) 

• The most common serious treatment-related adverse events were nervous 

system disorders (three [4%] of 68 patients and ten [3%] of 355 patients)

• On the basis of these and other data, entrectinib was granted accelerated 

approval by the US FDA in August, 2019





RET

• RET - chromosome 10q11.2 

• Receptor tyrosine kinase

• 0.6% to 0.9% of NSCLCs & 1.2% to 2% of 

adeno

• In NSCLC, at least 12 different gene partners 

have been described for RET, including 

KIF5B, CCDC6,NCOA4, MYO5C, EPHA5, 

TRIM33, CLIP1, ERC1,PICALM, FRMD4A, 

RUFY2, TRIM24



RET

• Fusion of the tyrosine kinase domain gene with KIF5B 

(the most common, at (70%-90%)

• RET rearrangement is mutually exclusive 

• Early  lymph node metastases & advanced disease

• Usually  younger & equal sex distribution.

• Histologic subtypes -mucinous/signet ring

• RET rearrangements can be detected by FISH, NGS, and

• RT-PCR, can be detected by IHC
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• Cabozantinib, a multi-tyrosine kinase inhibitor and potent inhibitor of RET, was 

chosen on the basis of the observation that the drug was most effective at 

inhibiting proliferation in a CCDC6-RET (RET/PTC1) fusion-positive papillary 

thyroid cancer cell line (IC 50 , 0.06 μmol/L) compared with vandetanib, sunitinib, 

and axitinib

• 3 patients with RETrearranged NSCLC were treated with cabozantinib

• 2 of these patients experienced partial responses by RECIST 1.1 criteria & the 

third had prolonged stable disease



• Cabozantinib is a multikinase inhibitor with low nanomolar (IC50 5·2 nM) activity 

against RET, in addition to its activity against ROS1, MET, VEGFR2, AXL, TIE2 & KIT

• open-label, phase 2, singlearm trial ,single-centre in USA

• Aged  18 years or older 

• Metastatic  or unresectable lung cancers with RET rearrangement

• KPS greater than 70 & adequate  haematological, renal, and hepatic function

• Measurable  disease  by the RECIST 



Methodology 

• Due to anti-VEGFR2 activity, we excluded patients if they had a history of significant bleeding, 

cavitary pulmonary lesions, tumours invading the tracheobronchial tree or major blood 

vessels, or a gastrointestinal disorder associated with a high risk of perforation or fistula 

formation

• Cabozantinib in tablet form at a starting dose of 60 mg orally once per day

• Patients were treated in 28-day cycles, until  disease progression or unacceptable toxicity

• CT of the chest, abdomen, and pelvis at Baseline, 4 weeks after cabozantinib initiation, and 

every 8 weeks after the first response assessment scan (ie, we did scans at weeks 4, 12, 20, 

and so forth)

• RET-rearranged NSCLC screened by FISH or NGS





Results 

• 7 partial responses [overall response rate (ORR) 28%]

• ORR in patients with KIF5B-RET-rearranged NSCLC was 20%

• 50% in patients with different known RET fusion genes

• Median  progression-free survival (mPFS) was 5.5 months

• Median overall survival (mOS) was 9.9 months



Adverse effects 

• Treatment-related adverse events were predominantly grade 1 or grade 2, overall toxicity rate of 

96.2%

• The most common treatment-related adverse events of any grade were increased ALT, AST, 

hypothyroidism, diarrhea, palmar plantar erythrodysesthesia, and skin hypopigmentation. 

• The most common grade 3 AE-lipase elevation in four patients (15%), increased ALT in 2 

(8%),decreased platelet count in 2 (8%) & hypophosphatemiain 2 (8%)

• 19 (73%) required a cabozantinib dose reduction grade 2 or grade 3 AE

• The most common reasons for dose reduction included palmar plantar erythrodysesthesia in 

seven patients (37%), fatigue in three patients (16%), and diarrhea in two patients (11%)



• Vandetanib is an oral receptor tyrosine kinase inhibitor that potently inhibits RET, 

EGFR, and VEGFR

• Preclinical studies have shown the antitumour activity of the RET inhibitor 

vandetanib in a lung adenocarcinoma cell line with the CCDC6-RET fusion

• 2 case reports showed tumour shrinkage after vandetanib treatment in patients 

with RET-rearranged NSCLC



Methodology 

• Multicentre , single-arm, phase 2 trial, 

• Eligible Criteria 

• locally advanced or metastatic non-squamous NSCLC with RET rearrangement without 

EGFR mutations, 

• Received  one or more previous chemotherapy treatments

• Age 20 years or older

• ECOG of 2 or less, 

• Adequate haematological and end-organ function, and 

• Measurable disease according to (RECIST) version 1.1



Methodology 

• Vandetanib was administered orally at a standard dose of 300 mg once daily in 

continuous 28-day cycles. 

• Treatment continued til the identifi cation of RECIST-defineddisease progression by the 

investigator, unacceptable toxicity, death, or withdrawal from the study

• The tumour response was assessed on days 29, 57, 85, and every 8 weeks

• Primary endpoint –ORR

• Secondary endpoints- progression-free survival, disease control, response duration, 

overall survival, safety, and response to previous anticancer therapy before enrolment





• ORR - 53%

• Median  PFS-4.7 months. 

• OS rate at 12 months - 47%

• Median OS - 11.1 months

• The treatment response and survival outcome were 

much higher in patients with the CCDC6-RET 

fusionsubtype, with 83% ORR and mPFS of 8.3 

months Vs 20% and 2.9 months, with KIF5BRET fusion 

variant



• 4/19 (21%) had an adverse event 

leading to the discontinuation of 

vandetanib

• 2/19 had rashes, and one patient each 

had pneumonitis and corneal opacity. 

• 16 patients (84%) required a dose

• interruption because of an adverse 

event. 

• A dose reduction in 10/19 (53%)

• MC AE were rash acneiform and HTN 

• Serious AE were observed in two 

patients (11%) (total of three events: 

bacterial pneumonia [33%], prolonged 

QT corrected interval [33%], and rash 

[33%]



• Multi -center, open-label, phase II clinical trial examining the efficacy and safety of 

vandetanib

• Vandetanib 300 mg once daily 

• Primary  endpoint -objective response rate (ORR

• Secondary  endpoints - (PFS), disease control rate (DCR), overall survival (OS), and safety 



• 28% - KIF5B-RET rearrangement, 

• 11% -CCDC6-RET-positive, 

• 56% - unknown RET fusion gene, 

• one patient (5%) MYO5C-RET rearrangement



• ORR - 18%

• mPFS - 4.5 months, 
• mOS was 11.6 months 

• 1-year OS rate was 33%



• Hypertension (16.89%), rash (13.72%), 

diarrhea (8.44%), acne(5.28%), xerosis

(4.22%), and abdominal discomfort 

(3.17%) were the  most frequent adverse 

events in the study patients

• Five patients experienced adverse events 

of grade 3:HTN (3, 18%), asymptomatic 

QTc prolongation in ECG (2, 12%), and 

elevated serum level of aminotransferases 

(1, 6%).

• Among these, four patients underwent 

dose reduction (28%)



• Lenvatinib is a multitargeted tyrosine kinase inhibitor of vascular endothelial 

growth factor receptors (VEGFR)1–3, fibroblast growth factor receptors (FGFR)1–

4, platelet-derived growth factor receptor alpha (PDGFRα), RET, and KIT 

• phase 2, multicenter, open-label study 14 study sites in 4 coun- tries (United 

States, Japan, Singapore, and Taiwan) 

• Oral  lenvatinib 24 mg once daily in 28-day cycles 









• Grade ≥3 (TEAEs) - 23 (92%) patients

• TEAEs requiring dose reduction occurred in 16 (64%) patients. 

• The most common TEAEs included hypertension(17.68%), nausea (15.60%), decreased 

appetite (13.52%),diarrhea (13.52%), proteinuria (48%), and vomiting (11.44%)



• Selpercatinib is a novel, highly selective, ATP-competitive small molecule RET 

inhibitor that has significant CNS penetration, and a low potential for drug 

interactions

• Approved  by the FDA for the treatment of advanced RETrearranged NSCLC and 

medullary thyroid cancers with a breakthrough therapy designation in September 

2018

• Updated  results of this study have been presented at the 2019WCLC



















MET Pathway

• MET was first 

discovered as an 

oncogene that 

encodes for the 

tyrosine kinase 

receptor for HGF 

• The gene for MET is 

located on 

chromosome 7q21-

q31



Mechanism of MET/HGF axis dysregulation



MET Exon 14 Skipping Mutations

• MET exon 14 alterations (point mutations, 

deletions, insertions, and complex mutations) lead 

to decreased degradation of MET receptor, 

resulting in the activation of MET signalling and the 

tumorigenesis

• Seen in 3% of NSCLC cases 

• More  commonly found in females, elderly 

patients, non-smokers, pulmonary sarcomata 

carcinoma (PSC), and are associated with poor 

prognosis



MET Exon 14 Skipping Mutations

• Histological subtype of NSCLC, most commonly in sarcomatoid carcinoma (4.9% ~ 

31%), followed by adenosquamous carcinoma (5%), adenocarcinoma (3%) and 

squamous cell carcinoma (2%)

• Targeted NGS-based assays-DNA-based testing used as screening followed by 

RNA based assays

• Quantitative  reverse transcription  PCR (qRT-PCR),sanger sequencing

• METex14 alterations are mutually exclusive with other drivers

• 20% of lung adenocarcinomas with MET exon 14–skipping mutations have 

concurrent high-level MET amplification



MET Amplification

• MET amplification was reported in 2–5% of NSCLC

• Not all amplifications are driver mutations 

• Only high MET gene amplification act as drivers



MET Amplification

• Detected by IHC,Fluorescence in situ hybridization (FISH),Next generation 

sequencing and Quantitative PCR

• MET amplification is a potential resistance pattern of EGFR-TKIs in NSCLC, 

accounting for 50–60% of the first- and second-generation EGFR-TKIs acquired 

resistance accounting for 15–19% of the third generation EGFR-TKIs acquired 

resistance

• MET FISH-positive patients with advanced NSCLC have a poor overall survival



MET inhibitors-Small  molecule TKIs 

ATP competitive

Type Ia MET-TKIs • Crizotinib

Type Ib MET-TKIs • Capmatinib

• Tepotinib

• Savolitinib

Type II MET-TKI • Cabozantinib

• Glesatinib

• Merestinib

Type III MET-TKI • Not available

ATP non-competitive

• Tivantinib

Selective • Tivantinib

• Capmatinib

• Savolitinib

• Tepotinib

Non-selective(multi-

kinase)

• Cabozantinib

• Foretinib

• Crizotinib



MET inhibitors 

Monoclonal  antibodies (mAbs) 

Anti-MET • Onartuzumab

• Emibetuzumab

Anti-HGF • Ficlatuzumab

• Rilotumumab



Profile 1001:Crozotinib in MET exon 14

• Crizotinib is a multi-tyrosine kinase inhibitor that is approved for the treatment of 

ALK- or ROS1-rearranged advanced NSCLCs

• It has potent activity against MET and low nanomolar potency in cell lines that 

harbor MET exon 14 alterations

• Prospective, open label, multicentre phase 1 study to evaluate efficacy and 

,safety of cirizotinib in NSCLSC including MET ex 14 expansion chort

• Intervention-crizotinib 250 mg BID 

• Responses were based on derived investigator assessment per RECIST v1.0. 

• From 11 September 2014 - 26 January 2018, 69 patients were enrolled 



Patient characteristics at baseline



• 65 were response evaluable. 

ORR- 32% (95% CI, 21–45)

Among the 65 patients

• Confirmed  CR-3 (5%),

• Confirmed  PR- 18 (28%)

• Stable  disease- 29 (45%)

• Disease  progression- 4 (6%)

The median duration of treatment was 7.4 months (95% CI, 5.5–9.1)

20 patients (29%) continued to receive crizotinib after the data cut off date



• The median time to tumour 

response was 7.6 weeks (range, 

3.7 to 16.3)

• Median  duration of response was 

9.1 months (95% CI, 6.4–12.7)

• Of 21 patients with an objective 

response, 12 (57%) had a duration 

of response of ≥6 months



• The median progression-free survival (PFS) 

was 7.3 months (95% CI, 5.4–9.1) 

• Probability  of being event-free at 6 months 

was 54% (95% CI, 39.2–66.9)

• Median  overall survival (OS) was 20.5 

months (95% CI, 14.3–21.8); OS data were 

not mature, with 24 patients (35%) having 

died and 28 (41%) still in follow-up

• Probability  of survival at 6 and at 12 

months was 87% (95% CI, 74.7–93.1) and 

70% (95% CI, 54.7–81.1), respectively

• Estimated  median duration of follow-up for 

OS was 11.5 months (95% CI, 7.9–16.7)





• The most common TRAEs were edema

(51%), vision disorder (45%), nausea 

(41%), diarrhea (39%) and vomiting (29%). 

• Most TRAEs were grade 1 or 2. 

• The most common (≥3%) grade 3 TRAEs 

were elevated transaminases (4%), and 

dyspnea (4%). 

• There were three grade 4 TRAEs: 

hypophosphatemia, lymphopenia and 

pulmonary embolism. 

• One patient had grade 5 treatment-

related interstitial lung disease  

TRAEs associated with a dose reduction or permanent treatment 

discontinuation occurred in 38% or 7% of patients



Conclusion 

• Objective responses to crizotinib were observed independent of the MET exon 14 

alteration splice site (ORR 12/37 (32%) for splice donor site and 5/16 (31%) for 

splice acceptor site) or mutation type (ORR 12/33 (36%) for base substitution and 

5/20 (25%) for indel). 

• The overall association of tumor response with MET exon 14 alteration (splice site 

region/mutation type, including patients with unknown MET exon 14 alteration 

status) was not significant (P=0.65)



Conclusion 

• These outcomes clearly exceed those observed with second-line chemotherapy 

(ORR, 7–23%; median PFS, 2.4–4.5 months) and are comparable with that of first 

line platinum doublet-chemotherapy (ORR, 31–35%; median time to progression, 

4.8–6.2 months) 

• While these do not surpass the outcomes observed with select first-line 

chemoimmunotherapy combinations in unselected NSCLCs

• ORR of crizotinib in MET-exon-14-altered NSCLCs was lower compared with the 

ORRs of ~60–80% achieved with targeted therapy for other NSCLC drivers


