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Lung Cancer- The leading cause of cancer       

related death world-wide!

Most patients diagnosed at advanced 
stage

Most patients end up with advanced 

disease,  and treated with systemic 

therapy



תחילת  -טיפולים כימותרפיים
2000

Schiller JH, et al. N Engl J Med 2002;346:92–8
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Two subtypes of NSCLC patient

80%

20%

For those patients- tissue is the issue!



EGFR = epidermal growth factor receptor
ALK = anaplastic lymphoma kinase

What are the common targets in Adenocarcinoma of the 
Lung? 



East Asia3

Adenocarcinoma, 

never smokers

US2

Adenocarcinoma
Europe1

All histology

• Incidence of ALK+ NCSLC is Relatively Uniform across Ethnicities

Barlesi, et al. ASCO 2013; 2. Johnson, et al. ASCO 2013; 3. Sun, et al. J Clin Oncol 2010

Zer, A., Moskovitz, M., Hwang, D.M., Hershko-Klement, A., Fridel, L., Korpanty, G.J., Dudnik, E., Peled, N., Shochat, T., 

Leighl, N.B. and Liu, G.,Shepherd F, 2017.   ALK-Rearranged Non–Small-Cell Lung Cancer Is Associated With a High 
Rate of Venous Thromboembolism. Clinical lung cancer, 18(2), pp.156-161.

(n=52)(n=733)(n=9,911)

ALK characteristics

• Younger and more male patients

• Higher incidence of thrombo-embolic events



How to diagnose ALK Rearrangement? 

FISH break-apart test-
• Used to be the gold standard, 

but…
• Expensive
• Time consuming
• On some studies- missed up to 

50% of ALK rearrangements 
compare to IHC and NGS

Immunohistochemistry-

• Less expensive

• faster



ROS1 rearrangement in NSCLC

• Found in 1% on Adenocarcinomas of the 
lung

• Younger patients, non-smokers
• Diagnosed with IHC (and FISH break-apart)
• No data on the risk of thromboembolic 

events, but clinical observations suggest 
increased risk



When diagnosing ALK 

rearrangement…

Why? 



Because there are so many treatment 

options…and significant OS benefit

How did it all start? 

Lorlatinib, Ensartinib and many more in clinical trials…



ALK+ NSCLC: A Tale of Rapid Clinical Translation

Treatment for ALK +ive NSCLC- the most rapid 
clinical translation!



Crizotinib is the 1st drug approved for ALK-

rearrangement based on phase I trial 

Side effects
• Hepatotoxicity
• Pneumonitis
• Visual disturbance
• Nausea
• Edema 



Crizotinib was assessed in 1st and 2nd line 

ALK-positive NSCLC in RCT vs. chemo
Crizotinib as 2nd line in ALK+ 

patients (PROFILE 1007)

Crizotinib as 1st line in ALK+ 

patients (PROFILE 1014)

Shaw AT et al. N Engl J Med 2013;368:2385-2394. Solomon BJ et al. N Engl J Med 2014;371:2167-2177. PROFILE 1014

⚫ Median duration of treatment: Crizotinib, 10.9 months; 

chemotherapy, 4.1 months



Final Primary OS Analysis (ITT Population)  PROFILE 1014

Median follow-up ~46 months in both arms

HR  0.760 (95%CI: 0.548, 1.053); aP=0.0978

Crizotinib

(N=172)

Chemother

apy

(N=171)

Deaths, n (%) 71 (41.3) 81 (47.4)

Median OS (95% CI), 

months

NR (45.8, 

NR)

47.5 (32.2, 

NR)
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a2-sided p-value from the log-rank test stratified by ECOG PS, race, brain metastases.

4 year OS rate 

Crizo: 56.6%

Chemo: 49.1%



Site of initial disease progression
(New lesions and/or non-target lesions)

Site of disease 

progression

All patients 

(N = 138) (%)

CBPD 

(N=78) (%)

No CBPD 

(N = 60) 

(%)

Brain 57 (41) 40 (51) 17 (28)

Liver 34 (25) 12 (15) 22 (37)

Lung 22 (16) 10 (13) 12 (20)

Bone 13 (9) 8 (10) 5 (8)

Pleural effusion 

cavity

11 (8) 3 (4) 8 (13)

Lymph node 7 (5) 2 (3) 5 (8)

Other 30 (22) 10 (13) 20 (33)

Mean symptom burden during treatment with ALK inhibitors

Treatment beyond disease progression: ALK inhibitors in ALK-rearranged advanced NSCLC

Mor Moskovitz, Priscilla Matthews, Alexandra Pavel, Dongyang Yang, Brendon Morganstein, Wei Xu, Penelope 

Bradbury, Geoffrey Liu, Frances Shepherd, Natasha B. Leighl Annals of Oncology 28.suppl_5 (2017).



The NCCN suggest consider treatment 

past progression!



Shaw AT et al. N Engl J Med 2014;371:1963-1971.

Tumor Responses to Crizotinib in ROS1-Rearranged 
Non–Small-Cell Lung Cancer.



The CNS- A sanctuary site 

• 30-40% of ALK rearranged patients have brain mets at initial diagnosis. 

• CNS is one of the most common sites of relapse on Crizotinib- first site of 

disease progression in 46% of patients!

• Among ALK rearranged patients entering trials with next-generation ALK 

TKIs, rates of CNS mets approaching 60%

• Brain metastases impact quality of life



What did we do with brain metastases 

in the past? 

• Radiotherapy- whole brain, stereotactic radiotherapy

• Changing crizotinib schedule



Resistance pathways to EGFR TKI 

Helena A. Yu et al. Clin Cancer Res 2013;19:2240-2247

©2013 by American Association for Cancer Research

Not so 

easy 

with 

ALK…



Crizotinib: Acquired Resistance

Resistance – mostly due to ALK secondary mutation-

and more…



Drug Sensitivity 

Different 

spectrum of 

activity to each 

drug-

but still no 

selection of 

treatment 

based on 

resistance 

profile…



2nd line treatment after Crizotinib

resistance

Crizotinib

Ceritinib

Brigatinib

Alectinib



Ceritinib- the second ALK TKI
ASCEND-1

Significant toxicity!!!



Alectinib- early phases efficacy



Phase II Studies: NP28761 and NP28673

Shaw et al., Lan Onc 2016

Ou SH et al., JCO 2015

Locally advanced or 
metastatic NSCLC

ALK+ disease 

Prior crizotinib 
treatment

ECOG PS 0–2

NP28673 (n=138)

NP28761 (n=87)

PD
Alectinib

600mg BID

Secondary endpoints

• CNS ORR

• CNS DoR 

• PFS

• DCR

• Safety

Primary endpoint

• ORR by IRC

• Co-primary endpoint for 
NP28673: ORR by IRC in 
patients with prior chemo



CNS: First Place of Progression in 46% of 1L Patients

1. Kodama, et al. Cancer Chemother Pharmacol 2014 , 2.  Gadgeel, et al. J Clin Oncol 2016
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14C-labelled Alectinib

administration shows similar CSF 

and Plasma Concentration1

Alectinib is not a substrate for the drug efflux transporter P-gp3,  and 

is therefore not actively transported out of the brain1

Alectinib is clinically active in  

the CNS irrespective of prior 

radiation2



Patient case

• 76 y male, diagnosed 10/2015 
with NSCLC Adenocarcinoma, 
stage IIIA

• Resection and adjuvant chemo-
radio

• 06/2017- metastases in brain 
and lymph nodes

• Treated with Crizotinib with 
good systemic response, stable 
CNS disease

• 11/2017- PD in brain
• 12/2017- started Alectinib

November 

2017

February 

2018



Brigatinib-next generation ALK inhibitor

Phase I



Randomised phase II- ALTAtrial

Brigatinib- efficacy and safety in the 2nd line



Intra-cranial response 





ALK+ NSCLC: sequence of crizotinib

followed by next generation inhibitor: 

mOS of 89.6 months

Duruisseaux M, et al. Oncotarget 2017; Gainor JF, et al. Clin Cancer Res 2015; Watanabe S, et al. Clin Lung Cancer 2016

Median combined PFS: 17.4 months
Median OS: 49.4 months

Median combined PFS: 18.2 months
Median OS: 51.1 months

Median OS = 89.6 months

Time (months)

O
ve

ra
ll 

su
rv

iv
al

 (%
)

100

80

60

40

20

0

0 10 20 40

Next generation ALKi (n=84)

30

P<0.001

Subsequent treatment 
other than 
next-generation ALKi (n=74)

Best supportive care 
(n=105)



Unmet need in the first line-
• 50% of patients progress within 1 year on treatment with Crizotinib

• CNS is the first site of disease progression in 46% of patients

• A significant portion of patients will not continue 2L treatment (Poor PS)



Alectinib – Global ALEX

Presented By Justin Gainor at 2017 ASCO Annual Meeting

ALEX- alectinib vs. crizotinib in the 1st line of 

treatment 



NE = not estimable; FU = Follow Up

NCT02075840

Camidge, et al. ASCO 2018 

Alectinib Crizotinib

Events, n (%) 72 (47) 116 (77)

Alectinib (n=152), median FU 27.8m 

Crizotinib (n=151), median FU 22.8m 

HR=0.43 (95% CI: 0.32–0.58)

34.8 (17.7–NE)

10.9 (9.1–12.9)
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ALEX: Investigator Assessed PFS
57% reduction in risk to progression vs. SoC

http://www.clinicaltrials.gov/ct2/show/NCT02075840?term=NCT02075840&rank=1


Investigator assessed

ALEX- PFS was improved regardless 

of CNS metastases status
Pts with CNS mets at baseline
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Alectinib (n=88)

Crizotinib (n=93)

HR=0.51 (95% CI: 0.33–0.80)

NR

(9.2–NR)

7.4 months

(6.6–9.6)
14.8 months

(10.8–20.3)

NR

Peters, et al. NEJM 2017; Shaw et al. ASCO 2017



ALEX: Updated Overall survival is still immature

Updated data cut-off (1 December 2017)
NCT02075840

Camidge, et al. ASCO 2018

Alectinib Crizotinib

Events, n (%) 43 (28) 48 (32)

Median OS (95% CI):

Alectinib NE (NE)

Crizotinib NE (31.2–NE) 
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HR=0.76 (95% CI: 0.50–1.15)

Alectinib (n=152)

Crizotinib (n=151)

http://www.clinicaltrials.gov/ct2/show/NCT02075840?term=NCT02075840&rank=1


ALEX: Updated Duration of Response

NCT02075840

Camidge, et al. ASCO 2018

Updated data cut-off (1 December 2017)

Investigator assessed

NE = not estimable
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ALEX: best overall response by baseline CNS 
metastases (updated analysis)

Updated data cut-off (1 December 2017)

NCT02075840

Camidge, et al. ASCO 2018

>50% tumor reduction  

93.2%    vs. 69.7%

>75% tumor reduction  

50% vs. 25%

>50% tumor reduction  

86.5%    vs. 52.6%

>75% tumor reduction  

34.6% vs. 26.3%

http://www.clinicaltrials.gov/ct2/show/NCT02075840?term=NCT02075840&rank=1


ALEX: Alectinib Significantly Reduced CNS Progression/Appearance 
Patients with or without CNS mets at baseline

Gadgeel, et al. ESMO 2017 (Abstract 1298O)

(updated data from congress presentation)

ESMO 2017

Pooled analysis of CNS response 

to Alectinib-
Based on the 2 pivotal studies



IRC RECIST. *Includes one patient who received prior brain radiotherapy and one patient who received concomitant radiotherapy; †Includes five patients 

who received prior brain radiotherapy and one patient who received concomitant radiotherapy
Peters, et al. NEJM 2017

ALEX: CNS response
Measurable and non-measurable

CNS lesions at baseline

Crizotinib

(n=58)

Alectinib

(n=64)

CNS responders (%) 26 59

CNS CR (%) 9* 45†

Median DoR, months

(95% CI)

3.7

(3.2–6.8)

NE

(17.3–NE)

CNS Complete Response: Alectinib (45%) vs. Crizotinib (9%)



*Two events in crizotinib and none in alectinib were reported as related to 

study treatment; †Roche data on file

AE = adverse event; SD = standard deviation

ALEX: Safety
Selected Adverse Events

Peters, et al. NEJM 2017; Shaw et al. ASCO 2017

Crizotinib

n=151

Alectinib

n=152

N, (%) Any grade Grade 3–5 Any grade Grade 3–5

Constipation 49 (33) 0 52 (34) 0

Nausea 72 (48) 5 (3) 21 (14) 1 (1)

Diarrhoea 68 (45) 3 (2) 18 (12) 0

Vomiting 58 (38) 5 (3) 11 (7) 0

Peripheral edema 42 (28) 1 (1) 26 (17) 0

ALT increased 45 (30) 22 (15) 23 (15) 7 (5)

AST increased 37 (25) 16 (11) 21 (14) 8 (5)

Arthralgia 11 (7) 0 3 (2) 0

Myalgia 3 (2) 0 24 (16) 0

Visual impairment 18 (12) 0 2 (1) 0



Presented by:



Alectinib- first line treatment for ALK+

Presented by:

Approved by the Israeli ministry 

of health and reimbured in the 1st

line setting since January 2018



Whats next? To be presented at WCLC 2018 



The choice of 1st line ALK- evidence based 

sequence or go with the best drug first? 

Or 



My index case

• 40 year old lady, healthy, never smoker

• 2013- Diagnosed with NSCLC, adenocarcinoma, mets to lung, bone, 

lymph nodes, EGFR and ALK pending

• Started chemotherapy- carboplatin and paclitaxel

• ALK positive!

• Started crizotinib after 4 cycles of chemo

• Complete response!



• 8 months later- dizziness, headache

• Diagnosed with multiple brain metastases

• Started whole brain radiotherapy

• Continue with crizotinib? Change to other ALK? 

• After WB, the patient continued crizotinib

• PD in brain, with hydrocephalus

• Deceased 2 months after diagnosis of brain metastases

• Sometimes we only have 1 chance!



How about ROS1? Not much debate here 

yet…

• Of the 12 patients with ROS1 -positive NSCLC, six 
(50%) achieved a confirmed partial response and two 
(17%) had stable disease

• Two patients had received previous crizotinib, and the 
other four patients were crizotinib naive but had 
received platinum doublet chemotherapy. 

• Median duration of response was 12·0 months (95% CI 
5·7–NR).

• Brigatinib, cabozantinib, enteractinib in advanced line 
of treatment show efficacy (very little evidence)

• Our experience shows prolonged survival with 
crizotinib- and 1 patient on the lorlatinib access 
program survived 4 years. 



•ALK and ROS1rearrangement- mainly in non smokers with Adenocarcinoma

•Diagnosed mainly by IHC 

•Crizotinib was the first ALK inhibitor- showed efficacy in 1st line with median OS of 5-7 

years

•Alectinib-preferred drug for ALK in 1st line

•Alectinib, Ceritinib, Brigatinib demonstrated efficacy in 2nd line post crizotinib- no definite 

sequence yet-, but real world and prospective evidence are on the way…

Summary- treatment of ALK +ive NSCLC



Thank you!


