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ALK TKIs available / ongoing investigation

• Crizotinib
• Ceritinib
• Alectinib
• Brigatinib
• Lorlatinib
• Ensartinib
• Entrectinib



ALK+, crizotinib as 1L

Significantly better efficacy to CT 

(platin/pem)

mPFS 10.9 vs 7.0 mo

(HR=0.45, P<0.0001)



Final primary OS analysis (ITT population)

Median follow-up ~46 months in 

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

Crizotinib
(N=172)

Chemotherap
y

(N=171)

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

Median OS (95% CI), 
months

NR (45.8, NR) 47.5 (32.2, 
NR)

100

80

60

40

20

0

O
v
e

ra
ll 

S
u

rv
iv

a
l (

%
)

Months

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

172

171

157

150

144

131

128

118

111

100

98

89

89

82

79

73

65

63

51

46

36

31

20

21

8

11

1

1

0

0

+ Censored

No. at risk

Crizotinib

Chemotherapy

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%

Mok JCO 18



Subsequent treatment, n (%) Crizotinib

(N=172)

Chemotherapy

(N=171)

Any ALK tyrosine kinase 

inhibitor (TKI)

Number of patients 57 (33.1) 145 (84.8)

Deaths, n (%) 11 (19.3) 66 (45.5)

Median OS, months (95% CI) NR (NR, NR) 49.5 (41.0, NR)

Treatment other than ALK TKI 

Number of patients 37 (21.5) 3 (1.8)

Deaths, n (%) 25 (67.6) 2 (66.7)

Median OS, months (95% CI) 20.8 (14.4, 31.8) 12.1 (2.2, NR)

Impact of subsequent therapy on OS
ALK TKI vs treatment other than ALK TKI

Mok JCO 18



ALK+, ceritinib as 1L

Soria Lancet 17

Ceritinib

(N=189)

Chemotherapy

(N=187)

Median PFS 

(95% CI),mo

16.6 (12.6, 27.2) 8.1 (5.8, 11.1)

Hazard ratio (95% CI) = 0.55 (0.42, 0.73)

Stratified log-rank P value <0.00001
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No. at risk

Significantly better efficacy to 

CT (platin/pem)

mPFS 16.6 vs 8.1 mo

(HR=0.45, P<0.0001)



SINGLE-ARM, OPEN-LABEL, SIMON’S 2-STAGE STUDY DESIGN

• Between January 2013 and January 2014, 124 patients were enrolled across 41 centers 

globally in this phase II study (NCT01685138) and received ≥1 dose of ceritinib

Data cutoff/LPLV: January 22, 2018 

Endpoints

• Primary: ORR per RECIST v1.1 (investigator)

• Secondary: ORR (BIRC); OIRR, DOR, DCR, TTR, PFS (investigator and  BIRC); OS; and safety

• Additional: PROs by LCSS, EORTC QLQ-C30, v3.0, and QLQ-C13, v1.0

Pre-screening

Screening

Day -28 to Day -1

105 ALK+ NSCLC pts

Survival 

follow-up

q3mos after 

final tumor 

assessment

Treatment

Ceritinib 750 mg qd

Tx continued until RECIST-

defined disease progression,* 

unacceptable toxicity, 

discontinuation at investigator 

or patient discretion, initiation 

of new anticancer therapy, 

loss to follow-up or death

*Upon disease progression, patients could continue treatment at the physician’s discretion

Felip ESMO 18



KAPLAN–MEIER PLOT OF OS (FAS)

N = 124

Events, n/N (%) 56/124 (45.2)

Median (95% CI), months 51.3 (42.7, 55.3)

Censoring Times

Data cutoff/LPLV: January 22, 2018
Felip ESMO 18



ALK+, alectinib as 1L

0 1 3 6 9 12 15 18 21 24 27

0

20

40

60

80

100

Alectinib

(n = 103)

Crizotinib

(n = 104)

Events, n (%) 25 (24.3) 58 (55.8)

Median, mo
25.9 10.2

HR (99.7% 
CI)

0.38 (0.26–0.55)

p* 0.0001

J-ALEX: PFS

Hida Lancet 17 (updated ASCO 17)
ALEX: PFS

Peters NEJM 2017

Crizotinib

(n = 151)

Alectinib

(n = 152)

Events, n (%) 102 (68) 62 (41)

Median, mo 11.1 NR

HR (95% CI) 0.47 (0.34–0.65)

p* < 0.001



ALEX: updated investigator-assessed PFS
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Camidge, ASCO 18 



LBA10: Primary results of ALESIA: A randomised, phase III, open-label study of 
alectinib vs crizotinib in Asian patients with treatment-naïve ALK+ advanced

Zhou C, et al. Ann Oncol 2018;29(suppl 5):Abstr LBA10

Alectinib
(n=125)

Crizotinib
(n=62)

Patients with event, n (%) 26 (20.8) 37 (59.7)

Median PFS, months (95%CI) NE (20.3, NE) 11.1 (9.1, 13.0)

HR (95%CI); p-value (log-rank test) 0.22 (0.13, 0.38); p<0.0001
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NE

11.1 months

Cause-specific HR
p-value (log-rank test)

0.14 (95%CI 0.06, 0.30)
<0.0001
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7.3%

35.5% (95%CI 23.5, 47.8)

(95%CI 3.6, 12.8)

PFS (investigator-assessed) Time to CNS progression (IRC-assessed)

*Cumulative incidence of CNS progression without prior 
non-CNS progression or death



ALK+, brigatinib as 1L

Camidge IASLC 18, NEJM 18



1L ALK+ NSCLC

Planchard ESMO Guidelines 18



Shaw Lancet Oncol 17

ALUR phase 3 study

2L alectinib vs CT

R
1:1

Crossover

following 

BIRC-

confirmed 

PD

Stratification

• WHO PS (0 vs.1–2)

• Brain metastases (yes vs. no)

Key patient inclusion criteria

• Locally advanced or metastatic 

ALK+ NSCLC 

• Progressive disease

• WHO PS 0–2

• Prior crizotinib (>1 course 

allowed)

• 1 or 2 prior chemotherapy 

regimens 

• Measurable disease at baseline

(n=231)

Chemotherapy

Pemetrexed 500 mg/m2

(n=40) or docetaxel 

75 mg/m2 (n=73) q3w

Ceritinib 750 mg QD 
PO

(n=115)

Primary endpoint: PFS (BIRC)

Secondary endpoints: OS, PFS (investigator), ORR, DCR, TTR 

PD 

Alectinib 600mg BID

Pemetrexed 500mg/m2

q3w or docetaxel 
75mg/m2 q3w

Optional continuation of 
alectinib if clinical benefit

R* 2:1

Crossover to 
alectinib allowed

KEY ELIGIBILITY
● Advanced or metastatic 

ALK+ NSCLC

● One prior line of platinum-
based chemotherapy

● Crizotinib failure

● ECOG PS 0−2

Primary endpoint Investigator-assessed PFS in the ITT population

Secondary endpoints CNS ORR in patients with measurable CNS disease at baseline as assessed by an IRC (key 
secondary endpoint); IRC-assessed PFS; systemic ORR; DCR and DOR; PFS in patients with CNS 
metastases at baseline; time to CNS progression by baseline CNS disease status; CNS DCR and CNS 
DOR in patients with CNS metastases at baseline; OS; safety

ASCEND-5 phase 3 study 

2L ceritinib vs CT 

Novello Ann Oncol 18 



ASCEND-5 phase 3 study 

Primary endpoint PFS by BIRC 
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n (%)

Ceritinib 750 mg (n=115) 5.4 (4.1, 6.9) 83 (72.2)

Chemotherapy (n=116) 1.6 (1.4, 2.8) 89 (76.7)

HR 0.49 (95%CI 0.36, 0.67), p<0.001
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5.4 months1.6 months

RR by BIRC 39.1% vs 6.9%  
5.4 mo

ALUR phase 3 study

Primary endpoint PFS Investigator-assessed

HR=0.15 [95% CI: 0.08–0.29]; p<0.001

Alectinib* Median 9.6 months [95% CI: 6.9–12.2]

Chemotherapy‡ Median 1.4 months [95% CI: 1.3–1.6]
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Next-gen ALKi CNS disease activity post-crizotinib

Drug/ TRIAL Objective RR in 

CNS measurable 

disease

CNS mPFS

Ceritinib

ASCEND 5 Phase III1
35% 4.4m

Alectinib

ALUR Phase III2
54% 9.6

1. Shaw Lancet Oncol 17; 2. Novello Ann Oncol 18



Ahn WCLC 17

Brigatinib in crizotinib-refractory ALK+ NSCLC

updated efficacy from ALTA 



Lorlatinib phase I/II study crizotinib-pretreated patients

Solomon WCLC 2017



Acquired resistance mechanisms to crizotinib

Lin Cancer Discov 17



Ceritinib response in molecularly-defined, crizotinib-resistant tumors 

PFS event
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Crizotinib received as latest therapy:
No
Yes

19 crizotinib-resistant ALK+ NSCLC patients underwent 

tumor biopsy prior to study enrollment 

Shaw NEJM 14



Brigatinib post-crizotinib pooled mutational analysis

Phase 1/2 ALTA Total

Patients with baseline NGS

data, n
15a 17b 32

Confirmed ORR, % (n/N) 80 (12/15) 59 (10/17) 69 (22/32)

Patients with secondary ALK 

mutations at baseline, n
5 4 9

Confirmed ORR, % (n/N) 80 (4/5) 75 (3/4) 78 (7/9)

Patients without secondary 

ALK mutations at baseline, n
10a 13b 23

Confirmed ORR, % (n/N) 80 (8/10) 54 (7/13) 65 (15/23)

Gettinger ASCO 16 Abstract 9060



Lorlatinib post-crizotinib

response by presence / absence of ALK mutation

cfDNA tumor tissue 

23

Shaw AACR 18



Next-gen ALKi show relevant clinical benefit in crizotinib-

refractory patients regardless of molecular status









Lorlatinib phase I/II study: post next-gen ALKi

Solomon WCLC 17



Besse ASCO 18

Lorlatinib phase I/II study: post next-gen ALKi



Acquired resistance mechanisms to next-gen ALKi

Lin Cancer Discov 17



Lorlatinib post next-gen ALKi

response by presence / absence of ALK mutation  

cfDNA tumor tissue 

31

Shaw AACR 18



Besse ASCO 18

Lorlatinib activity in the presence of ALK mutations



Molecular mechanisms of resistance to 

first- and second-generation ALK TKIs

Gainor Cancer Discov 2016

Mechanism of acquired resistance using next-

generation ALK TKIs as 1L is yet to be established 



Crizotinib Alectinib Brigatinib Ceritinib Lorlatinib

G1123S Res Sens2 N/D Res2 N/D

1151Tins Res Res3 N/D Res7 Sens9

L1152P/R Res Sens N/D Res7 Sens9

C1156Y/T Res Sens N/D Res7 Sens9

I1171T/N Res Res4,5 N/D Sens4,5,7 N/D

F1174C/L/V Res Sens Sens6 Res7 Sens9

V1180L Res Res 4 N/D Sens4 N/D

L1196M Res Sens3 Sens6 Sens7 Sens9

L1198F Sens 1 Res1 Res1 Res1 Res1

G1202R Res Res3 N/D Res7 Sens9

S1206C/Y Res Sens3 Res6 Sens7 Sens9

F1245C Res8 N/D N/D Sens8 N/D

G1269A/S Res Sens N/D Sens7 Sens9

ALK kinase domain mutations – drug efficacy

1.Shaw NEJM 16; 2.Toyokawa JTO 15; 3.Katayama STM 12; 4.Katayama CCR 

14; 5.Ou Lung Cancer 15; 6.Ceccon MCR 14; 7.Friboulet Cancer Discov 14; 

8.Kodityal Lung Cancer16; 9.Zou Cancer Cell 15; 10.Bayliss Cel Mol Lif Sci

15; 11.Gainor Cancer Discovery 16



Shaw Cancer Discovery 17

Potential algorithm



Planchard et al ESMO Guidelines 18





Yoda Cancer Discov 18

35% lorlatinib resistant pts harbored

compound ALK mutations



Mechanisms of resistance differ by ALK-fusion variant

Lin JCO 18

Frequency of ALK variants in NSCLC 

biopsies

Distribution of ALK resistance 

mutations in NSCLC biopsies

*

*

Biopsies obtained after disease PD 

on a next-gen ALKi by EML4-ALK 

variant



Dagogo-Jack JCO Prec Oncol 18

Plasma genotyping by NGS is an effective method for 

detecting ALK fusions

High degree of concordance between 

plasma and tissue alterations

• At disease PD, ALK fusion was 

detected in plasma from 19 (86%) of 22 

patients

• Among 16 cases where 

contemporaneous plasma and tissue 

specimens were available 100% 

concordance between ALK mutation 

results observed



Dagogo-Jack JCO Prec Oncol 18

Tracking the evolution of resistance to ALKi

Quantitative assessment of structural variants may be clinically useful and 

complementary to radiographic assessment in some patients



Kalemkerian JCO 18



Is there an optimal sequencing approach to overcome resistances in 

ALK-driven NSCLC tumors? Summary

• ALKi have favourably transformed the course of disease for ALK+ patients

✓ After crizotinib failure: next-gen ALKi, active

• Next-generation ALK TKIs first, best treatment option

✓ Efficacy

✓ CNS activity

• Standard therapy at PD after next-gen ALKi, lorlatinib?

• Plasma genotyping by using NGS technology can reliably detect ALK fusions / ALK
resistance mutations 

• Re-biopsies / liquid biopsy encouraged in patients with PD to ALKi to better understand 
resistances mechanisms and develop future therapeutic approaches



Thanks!!!


