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ALK and ROS1 Fusions and BRAF mutations in NSCLC
Driver mutations in lung cancer
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• ALK and ROS1 Fusions and BRAF Muations in total 
represent ~10% of NSCLC-adenocarcinoma

• ALK and ROS1 fusions mainly never/light smoking history

• BRAF mutations- maybe older, more likely than ALK or 
ROS1 Have a smoking history.

• BRAF mutant NSCLC may benefit from ICI. ALK and ROS1 no 
clear benefit to PD-(L)1

Tsao et al JTO 2016. J. Mazieres et al. Annals of Oncology
2019

Driver mutations and Response to PD(L)1



ALEX Study design
KEY ELIGIBILITY
● ALK+ by central IHC 

testing
● Advanced or metastatic 
ALK+ NSCLC

● Treatment-naïve
● ECOG PS 0−2
● Measurable disease
● Asymptomatic brain 

metastases allowed

Alectinib
600 mg BID PO 

Crizotinib
250 mg BID PO

ENDPOINTS
● Primary

– PFS (RECIST 1.1), by 
investigator review

● Secondary
– PFS by IRC
– Time to CNS progression
– ORR, DOR
– OS
– Safety and tolerability
– Patient-reported   

outcomes
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NO CROSSOVER
per protocol

Presented by:  Alice T. Shaw

ALK, anaplastic lymphoma kinase; IHC, immunohistochemistry; NSCLC, non-small-cell lung cancer; ECOG PS, Eastern Cooperative Oncology Group Performance Status; PO, by mouth; 
PFS, progression-free survival; IRC, independent review committee; CNS, central nervous system; ORR, objective response rate; DOR, duration of response; OS, overall survival

Stratification factors: 
• ECOG PS (0/1 vs 2) 
• Race (Asian vs non-Asian) 
• Brain metastases (present vs absent) 



T. Mok et al. ESMO 2019

Updated Results: ALEX Trial



ALEX: Secondary Endpoint: 
OS (Updated)

Mok et al. Ann Oncol. 2020;31(8):1056

Alectinib Crizotinib

Median OS Not reached 57.4 months

5-year OS 62.5% 45.5%

Note: J-ALEX did not show OS benefit compared to criz likely d/t crossover
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Updated PFS ALTA 1L Brigatinib

Treatment
No. (%) of Patients 

With Events
Median PFS  

(95% CI)
2-Year PFS, % 

(95% CI)
Brigatinib (n=137) 63 (46) 24.0 mo (18.5–NR) 48 (39–57)
Crizotinib (n=138) 87 (63) 11.0 mo (9.2–12.9) 26 (18–35)

Primary Endpoint: BIRC-Assessed PFS 

Treatment
No. (%) of Patients 

With Events
Median PFS 

(95% CI)
2-Year PFS, % 

(95% CI)
Brigatinib (n=137) 59 (43) 29.4 mo (21.2–NR) 56 (46–64)
Crizotinib (n=138) 92 (67) 9.2  mo (7.4–12.9) 24 (16–32)

Investigator-Assessed PFS



Lorlatinib > Crizotinib
Crown Primary Endpoint: PFS by BICR

BICR, blinded independent central review; CI, confidence interval; HR, hazard ratio; NE, not estimable; PFS, progression-free survival
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Lorlatinib
(n=149)

Crizotinib
(n=147)

Patients with event, 
n (%) 41 (28) 86 (59)

Median PFS, 
months 
(95% CI)

NE
(NE–NE)

9.3
(7.6-11.1)

HR 
(95% CI)
1-sided P value*

0.28
(0.19-0.41)

<0.001
*By stratified log-rank test.

12-month PFS rate: 
78% (95% CI, 70–84)

12-month PFS rate: 
39% (95% CI, 30–48)

Solomon LBA#2, ESMO 2020



Comparing ALK Inhibitors By CNS Activity

Myall et al, Neurooncol Adv, 2021
Shaw et al, NEJM, 2020  



How to Choose? FDA Approved Next Generation ALK 
inhibitors for 1L Therapy: Efficacy and Toxicity

Alectinib Brigatinib Lorlatinib
ORR 79% 71% 76% 

Med PFS 
by ICR

25.7 mo 24 mo NR 

Med PFS 
by IR

34.8 30.8 NR

Med OS >5 yr NR NR

Toxicity Fatigue, 
constipation,
myalgia (CPK),
edema,
transaminitis 
(moderate)
Weight gain

Nausea, diarrhea,  
fatigue, HA, HTN, 
pulm tox, 
transaminitis

Edema, 
neuropathy, 
cognitive 
changes (mood), 
lipids, weight 
gain

Yun & Bazhenova, Cancer Manag Res, 2022 



What to do for Second Line Treatment:
Data from the phase 1/2 study of lorlatinib supported its approval in the ≥2L setting

Data cut-off: 2 February 2018
*Kaplan-Meier estimate
†Data are from all patients treated in the phase 1/2 study (n=295) 1. Besse, et al. ASCO 2018; 2. Lorlatinib US PI; 3. Bauer, et al. Oncologist 2019

Response
to lorlatinib

Non-crizotinib 
TKI±CT
(n=28)

2 ALK TKIs±CT or 
3 ALK TKIs±CT

(n=111)

ORR,% 
(95% CI)

42.9
(24.5–62.8)

39.6 
(30.5–49.4)

Median PFS,* months
(95% CI)

5.5
(2.9–8.2)

6.9
(5.4–9.5)

Intracranial ORR, % 
(95% CI)

46.2 
(19.2–74.9)

48.1 
(36.9–59.5)

ORR for patients treated with 1L alectinib 
was 31%2
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EML4-ALK Variants and Resistance Mechanisms in ALK+ NSCLC

Zhang et al. Lung Cancer 2019. Lin et al JCO 2018, Horn et al JTO 2019

Wu, W et al. (2017). Cancers. 9. 164. 
10.3390/cancers9120164. 



ALK mutation status / variants  and efficacy of Lorlatinib

Lin et al JCO 2018. Shaw JCO 2019

Lorlatinib had longer PFS in v3 patients (n= 17) compared 
to v1 patients (n= 12). 

All patients were previously treated with crizotinib and 
another ALK inhibitor 



Bypass Tracts Also Matter in ALK TKI Resistance 
and are Actionable

A Phase 1 Study of Ceritinib and Trametinib
Early Progression on Alectinib with MET amplification and
Response to Crizotinib and Alectinib/Crizotinib

M. Lara, JW Riess, C. Blakely. WCLC 2021

J. Jiang, R. Camidge, JW Riess. CLC 2021



4th Generation ALK Inhibitors in Development

Preclinical Activity against many compound mutations/G1202R





Phase 1 PROFILE 1001 Study: Crizotinib in ROS1-
Rearranged NSCLC—Updated Analysis
• 53 patients received crizotinib; median duration of treatment: 22.4 mo
• ROS1 status determined by FISH or RT-PCR; all patients received crizotinib 250 mg BID starting dose
• Median follow up: 62.6 mo
• ORR- 72% (58-83)
• mPFS- 19.3 (15.2-39.1)

Shaw AT, et al. Ann Oncol. 2019; 30(7):1121–1126.



*BICR, blinded independent central review (RECIST v1.1)
†Patients with measurable and non-measurable CNS lesions at baseline

1. https://clinicaltrials.gov/ct2/show/NCT02568267
2. Drilon, et al. Cancer Discov 2017 

Integrated 
analysis

Efficacy population 
53 ROS1+, 

ROS1-inhibitor-naïve 
NSCLC patients

Safety population 
355 patients have 

received entrectinib 
(all tumor types and 

gene rearrangements)

Primary endpoints*
ORR and DOR

Secondary 
endpoints*
PFS and OS 

Intracranial ORR
and DOR†

Safety and tolerability

STARTRK-12

Phase I dose escalation
N=7 ROS1+ patients

ALKA-372-0012

Phase I dose escalation 
N=9 ROS1+ patients

STARTRK-21

Phase II, multicenter, global basket study 600 mg QD, 28-day cycle
N=37 ROS1+ patients

Data cut-off 31 May 2018

http://bit.ly/2xw1EA7

Integrated Analysis of 3 Studies: Entrectinib in ROS1+ NSCLC



Entrectinib in ROS1-Fusion-Positive NSCLC: Updated Analysis
• Updated integrated analysis of 3 phase I/II clinical trials (ALKA-372-001, STARTRK-1, and STARTRK-2) 

of entrectinib, in ROS1 fusion-positive NSCLC
• 161 patients with a follow-up of ≥ 6 months were evaluable
• Median duration of follow-up, 15.8 months 
• Median treatment duration was 10.7 months

Dziadziuszko R, et al. J Clin Oncol. 2021;39(11):1253-1263.

ORR: 67.1%

Intracranial ORR: 79.2% (n = 19/24)b; median intracranial DoR: 12.9 months (12-mo rate, 55%)



Entrectinib in ROS1-Fusion-Positive NSCLC: PFS and OS—
Updated Analysis

Median duration of follow-up, 15.8 months 
Dsziadziuszko R, et al. J Clin Oncol. 2021;39(11):1253-1263.

Median PFS: 15.7 months
12-month PFS: 55%

Median OS: NE
12-month PFS: 81%

Side effects: hyperuricemia, weight gain, dizziness/CNS
taste changes, edema, GI side effects, AST/ALT evlevation



Median Time to CNS Progression With Entrectinib

• Overall population: NE 
(exploratory) progression 
(exploratory end point; 
• Scan-confirmed CNS 

progression 
• No baseline CNS mets: 

3/105 (2.9%)
• Baseline CNS mets: 27/56 

(48.2%) 

Dsziadziuszko R, et al. J Clin Oncol. 2021;39(11):1253-1263.



*FDA-approved #granted FDA breakthrough therapy designation in 2020 for ROS1 TKI-naïve NSCLC

Summary of ROS1 TKIs in TKI-Naïve ROS1+ NSCLC
Crizotinib*

(PROFILE 
1001)

Entrectinib*
(ALKA-372-001, 

STARTRK-1, 
STARTRK-2)

Ceritinib
(Korean Phase 2)

Taletrectinib
(Chinese Phase 2)

Lorlatinib
(Phase 1/2)

Repotrectinib#

(TRIDENT-1 Phase 1/2)

N 53 161 20 15 21 22
ORR 72% 67%

(n=108)
67% 93% 62% 91%

Median 
PFS

19.3 months 15.7 months 19.3 months N/A 21.0 months Not available

CNS activity N/A 19/24 (79%) 
patients with 
measurable 
intracranial 

disease

2/5 (40%) 
patients with 

measurable or 
nonmeasurabl
e intracranial 

disease

N/A 7/11 (64%) 
patients with 

measurable or 
nonmeasurabl
e intracranial 

disease

3/3 (100%) 
patients with 
measurable 
intracranial 

disease

Reference Shaw et al.
Ann Oncol

2019

Dziadziuszko et al. 
JCO 2021

Lim et al. 
JCO 2017

Zhou C et al., 
ASCO 2021

Shaw et al. Lancet 
Oncol 2019

Cho et al. WCLC 
2020; ASCO 2019



ROS1-Dependent Resistance to ROS1 TKIs
Detection of ROS1 G2032R

ROS1 in vitro kinase assay
ROS1 G2032: highly conserved solvent 

front residue

Lin JJ et al., Clin Cancer Res 2021;27:2899-909 Awad MM et al., N Engl J Med 2013;368:2395-401



Addressing ROS1-Dependent Resistance:
ROS1 TKIs in Crizotinib/TKI-Pretreated ROS1+ NSCLC

Lorlatinib
(Phase 1/2) / (Real World*)

Repotrectinib
(TRIDENT-1 Phase 1/2)

Taletrectinib
(Chinese Phase 2)

Patients N=40/N=80 N=72 N=5
ORR 35%/45% 30-39% 

(depending on prior Tx 
history)

60%

Median PFS 8.5 months /(7.1 mo*) Not available Not available
CNS activity 12/24 (50%) patients with 

measurable or 
nonmeasurable intracranial 

disease

Reported to have CNS activity 
in patients with baseline CNS 

metastases

Reported to have CNS activity 
in patients with baseline CNS 

metastases

Clinical ROS1 
G2032R activity

Response in 0/6 (0%) 
patients with a baseline 
ROS1 G2032R in plasma

Responses in 8/15 (53%) 
patients with a baseline ROS1 

G2032R

Response in 1/3 (33%) 
patients with a baseline ROS1 

G2032R

Reference Shaw et al., Lancet Oncol 2019/N. 
Girard et al. ESMO Open 2022

Lin et al., AACR-NCI-EORTC 2021 Zhou C et al., ASCO 2021

* LORLATU Real World Retrospective Cohort. N Girard et al. ESMO Open 2022.



Pemetrexed Based Chemotherapy and in 
ROS1+ NSCLC

JW Riess et al. CLC 2013. YF Chen et al JTO 2016



Advanced ALK/ROS1 Fusion+ NSCLC: 
My Treatment Paradigm 

Entrectinib (CNS Disease) or
Crizotinib

Next-gen TKI (Lorlatinib)
or Platinum/Pemetexed +/- Bevacizumab

or Other ROS1 TKI depending on 
mutation

Alectinib (consider lorlatinib in 
select situations (CNS disease 

burden)

Lorlatinib vs. Platinum/pemetrexed +/-
bevacizumab

Other ALK TKI depending on mutation 
(heat map or crizotinib with MET amp 

resistance)

Plasma ctDNA 
evaluation

Tissue biopsy in 
select patients

Plasma ctDNA 
evaluation

Tissue biopsy in 
select patients

ALK

ROS1



BRAF in NSCLC: It’s In a Different Class

• ~2-3% NSCLC
• More Frequent in Adenocarcinoma
• More likely than EGFR/ALK to have smoking 

history
• Different distribution than melanoma
• Different Classes of BRAF mutations have 

therapeutic implications
• Maybe responsive to PD(L)1 ICI

P. Paik et al. JCO 2011
J. Bracht et al Cancers 2019 J. Bracht et al Cancers 2019



MEKi Improved Clinical Outcomes When Added 
to BRAFi in BRAF V600E mutant NSCLC 

Dabrafenib + Trametinib in Previously Treated BRAF V600E 
NSCLC
N=57
ORR = 64%
mPFS 9.7 mo
mDoR 9 mo

Dabrafenib Alone in Previously Treated BRAF V600E NSCLC
N=78
ORR = 33%
mPFS 5.5 mo
mDoR 9.6 mo

D. Planchard et al Lancet Onc 2016



BRAFi + MEKi in BRAF V600E NSCLC

Dabrafenib + Trametinib in Untreated BRAF V600E 
NSCLC
N=39
ORR = 64%
mPFS 10.9 mo
mDoR 10.4 mo

PHAROS Trial – Encorafenib plus binimetinib in 
BRAF V600E/K NSCLC 

D. Planchard et al Lanet Onc 2017. G. Riely et al Fut Onc 2021.



Thank you!


