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A 26 year old female 

Acute breathlessness, fever, cough

Would you consider lung cancer ?



Within one week of starting alectinib



NSCLC is not a single disease 

➢ > 50 % chance of an oncogene driver in a 
patient with a history of never or light 
former smoking 

➢ ~ 6000 new diagnoses of non-smoking 
related lung cancer annually

➢ If considered a separate entity LC in never 
smokers is 8th most common cause of 
cancer related death in the UK 

➢ 7th most prevalent cancer in the world



• ……………the stigma that comes with lung cancer - even never smoking as folk assume you must have done. 

• what caused it and why me ?  …….was it the second hand smoke in hospitals and diesel buses or genes or just bad 
luck. Is it pollution in general? 

• We had lives before cancer and different lives with it………..In Feb 2014 I couldn't ever imagine being up a big hill again.

• Raising awareness is important to every never smoker LC patient I come across especially those of us who have no 
respiratory symptoms. 

• Would I want a ctDNA test at a certain age...... and if so what age, we have teens and 20 year olds in the mutation 
club.......

• People all ages are being diagnosed age 17 upwards , lung cancer not only old men who have smoked all their lives 
which is what I thought . 

‘You only 
need lungs 
to get lung 

cancer’ 



Clinical Features of ALK + and ROS + NSCLC 

• Typically adenocarcinoma histology

• Typically (but not always ! ) never smokers or light former 
smokers 

• Younger age 

• ALK gene fusions : present in 3-7% of NSCLC

• ROS1 gene fusions : present in 1–2% of NSCLC patients

• Brain metastases are common at presentation ( ~ 30%)

• Aetiology is not known
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Diagnostic methods for Gene Fusions

Kerr & Lopez-Rios Ann Oncol supp 3 2016

Schematic diagram of EML4-ALK fusion

Breakapart FISH



EUROPEAN LUNG CANCER CONGRESS 2018

IASLC/CAP/AMP Guidelines for ALK testing  
◆ Testing for ALK rearrangements must be ordered at the time of diagnosis or at the time of recurrence or 

progression in patients who may not have been tested at earlier stages of disease1

◆ Test results should be available within 2 weeks of the specimen being received

◆ Since the 2018 guideline update, IHC is now considered to be an equivalent alternative to FISH for ALK 
testing2

➢ Two step method : IHC screen and then molecular confirmation by FISH or NGS 

➢ Increasing use of ‘one stop shop’ NGS (next generation sequencing) of tissue or plasma (DNA) or tissue 
(RNA) using comprehensive genomic profiling methods eg guardant 360, Foundation liquid due to multiple 
druggable drivers eg EGFR, ALK, ROS, RET, NTRK, BRAF, MET exon 14, KRAS…..

➢ If plasma is negative a tissue screen is needed 

AMP, Association for Molecular Pathology; CAP, College of American Pathologists; IASLC, International Association for the Study of Lung Cancer

1. Lindeman NI, Cagle PT, Beasley MB, et al. Molecular testing guideline for the selection of lung cancer patients for treatment with targeted tyrosine kinase inhibitors. J Thorac Oncol 2013;8:823–59;

2. Lindeman NI, Cagle PT, Aisner DL, et al. Updated molecular testing guideline for the selection of lung cancer patients for treatment with targeted tyrosine kinase inhibitors. J Thorac Oncol 2018;13:323–58



ALK & ROS-1 fusion kinases : high degree of homology between the 
ALK and ROS-1 tyrosine kinase domains

Figures from IASLC Atlas of ALK and ROS1 testing in lung cancer 2nd edition, editors Tsao, Hirsch, Yatabe



1st, 2nd and 3rd Generation ALK inhibitors, structurally 

different - some but not all (!) with activity against ROS-1  

Inhibitor Generation Other Targets

Crizotinib 1st MET, ROS-1

Ceritinib 2nd IGFR-1, ROS-1

Alectinib 2nd RET, LTK

Brigatinib 2nd Mutant EGFR, ROS-1

Ensartanib 2nd MET, ABL, Axl, EPHA2, LTK, SLK

Entrectinib 2nd TRK, ROS-1

Lorlatinib 3rd ROS-1

Repotrectinib 3rd NTRK, ROS-1

Taletrectinib (DS-

6501)

3rd ROS-1/NTRK
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First Line Options

Second  Line Options

Third  Line Options

ESMO Guidelines : Stage IV ALK translocation
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ESMO Guidelines : Stage IV ROS translocation

Second  Line Options

First Line Options
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Crizotinib : 1st in class 1st generation ALK & ROS-1 TKI

ALK + cohort 

ORR = 72%

ROS1 + cohort 

ORR = 61%

Phase I PROFILE 1001 

Camidge et al. Lancet Oncol  2012 
Phase I PROFILE 1001  

Shaw et al. NEJM 2014 

Proof of the principle of early phase drug development in biomarker selected / enriched populations



Crizotinib vs chemotherapy in Advanced ALK + NSCLC 

1014 PFS HR ORR

crizotinib 10.9
0.45

74 %

chemoT 7.0 45%

PROFILE 1014 
Solomon et al. NEJM 2014

PROFILE 1029
Wu et al. JTO 2018 

1029 PFS HR ORR

crizotinib 11.1
0.40

87 %

chemoT 6.8 48%

PROFILE 1007
Shaw et al. NEJM 2015 

1014 PFS HR ORR

crizotinib 7.7
0.49

65 %

chemoT 3.0 20 %

2nd Line 1st Line 1st Line 

Established a first line ALK inhibitor as the standard of care ☺



Efficacy of Crizotinib in ROS1 + NSCLC

Study 1001 EUROS 1* ACSe EUCROSS OxOnc

Patients 53 29 34 31 127

ORR % 69.8 80 71 66.7 71.7

PFS months 19.3 9.1 10 NR 15.9 

Shaw Ann Oncol 2016; Mazieres JCO 2015;Moro-Sibilot JCO 2015; Michels JTO 2017; Wu JCO 2018 

Abbreviations : ORR objective response rate, PFS progression free survival, NR not reached *retrospective 

No randomised trials of crizotinib compared with chemotherapy in ROS1 + NSCLC



The strategy for treatment of ROS1+ NSCLC was 

informed by experience with ALK+ NSCLC

Crizotinib for treating ROS1 positive advanced non-small cell lung cancer UK NICE Technology appraisal 

guidance [TA529] Published 04 July 2018

➢ ‘Evidence for crizotinib in ROS1-positive advanced NSCLC comes from a small, single-arm study that 

included mostly people with previously treated disease. Although the study showed crizotinib to be 

effective at shrinking tumours and slowing disease progression, the lack of data comparing it with 

other treatments makes the size of the benefit uncertain.’

➢ ‘Because of the limited evidence in ROS1-positive NSCLC, the company presented data from 2 

randomised controlled trials for crizotinib in ALK-positive NSCLC instead (comparing crizotinib with 

chemotherapy)* as proxy data for ROS1-positive advanced NSCLC. However, using data from a proxy 

population is far from ideal, and makes the assessment of clinical and cost effectiveness highly 

uncertain’.

*PROFILE 1007, 1014



Cumulative development of brain metastases in ALK 

& ROS1 + NSCLC patients treated with crizotinib 

Patil, et al. J Thorac Oncol 2018

Patterns of Progression & Mechanisms of Resistance to Crizotinib

On Target Kinase domain resistance 

mutations in ALK (G1202R) and ROS-1 

(G2032R) on treatment with crizotinib

Schram AM, et al. Nature Reviews Clinical Oncology 

2017, 14:735-748 ; Drilon et al ASCO 2018





Next generation ALK / ROS1 Inhibitors : Better CNS penetration, more 

potent & active against on target / kinase domain resistant mutations 

Drilon et al ASCO 2018
Gainor et al. Cancer Discovery 2016

ALK G1202R Lorlatinib > Repotrectinib

ROS1 G2032R Repotrectinib > Lorlatinib



ASCEND-4 
De Castro et al. WCLC 2016 
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PROFILE 1014
Solomon et al. NEJM 2014 

ASCEND-4 PFS [95% CI] HR (95%CI) ORR

ceritinib 16.6 (12.6,27.2)
0.55(0.42,0.73)

72.5%

chemoT 8.1 (5.8,11.1) 26.7%

PL03.08: Discussant F Blackhall First-line ceritinib vs chemotherapy (ASCEND-4) – G de Castro et al

PROFILE PFS [95% CI] HR (95%CI) ORR

crizotinib 10.9 (8.3,13.9)
0.45(0.35,0.60)

74 %

chemoT 7.0 (6.8,8.2) 45%

Ceritinib more  potent but also more toxic – GI / dose interruptions / reductions



How to improve on crizotinib ?
Next generation ALK (ROS-1) inhibitors were first tested in patients with 

progression on acquired resistance to crizotinib 

Ceritinib Alectinib Brigatinib

Reference Kim et al.
Lancet Oncol 

2016

Crino et al. JCO 
2016

Ou et al.
JCO 2016

Shaw et al.
Lancet Oncol 

2016

Gettinger et 
al. Lancet 

Oncol 2016

Kim et al 
JCO 2017 (ALTA)

90mg/ 90*-180mg

Patients (N) 163 140 138 87 70 112 / 110

ORR (%) 56 38 50 48 71 45 / 54

Median PFS 
(mths)

6.9 5.7 8.9 8.1 13.4 9.2 / 12.9
16.7 mths**

**Updated analysis of ALTA ORR for Brigatinib on 180mg dose Ahn et al. JTO 2017 

*90mg 7 day run in then increase to 180mg

Caution : Cross-trial comparisons cannot be made due to differences in trial design and study populations



CNS activity of 2nd generation ALK inhibitors 
in patients with progression on crizotinib

Ceritinib
(Crino JCO 2016) 

Alectinib 
(Gadgeel JCO 2016)

Brigatinib 
(Camidge et al. JCO 2018)

Study Crino JCO 2016
ASCEND 2

Ou et al.
JCO 2016

Shaw et al.
Lancet Oncol 

2016

Gettinger et 
al. Lancet 

Oncol 2016

Kim et al 
JCO 2017 

(ALTA) 90mg 

Kim et al 
JCO 2017 

(ALTA)
90*-180mg

Patients (N) with 
measurable 

disease

20 50 15 26 18

Intracranial ORR 45% 64% 53% 46% 67%

Cross-trial comparisons cannot be made due to differences in trial design and study populations



3rd Generation Lorlatinib : 
Phase I efficacy in ALK + G1202R NSCLC  

Shaw et al. Lancet Oncol 2017

Tumour response n = 41 

Intracranial response n = 19

Correlation of response with 
ALK Resistance mutations n=12 



1L treatment of ALK + NSCLC : head to head trials of TKIs 

J-ALEX PFS HR ORR

alectinib NR
0.34

91.6 %

crizotinib 10.2 78.9%

J-ALEX
Hida et al. Lancet 2017

ALTA 1L
Camidge et al. NEJM 2018 

ALTA 1L PFS HR ORR

brigatinib NR
0.49

76%

crizotinib 9.6 73%

ALEX
Peters et al. NEJM 2017

ALEX PFS HR ORR

alectinib 25.7
0.5

82.9%

crizotinib 10.4 75.5%

Conclusion : Next generation superior to first generation – moved into first line SOC 



1L treatment of ALK + NSCLC : head to head trials of TKIs 

eXalt3 PFS HR ORR

ensartanib 25.8
0.51

74 %

crizotinib 12.7 67%

eXalt3
Horn et al. JAMA 2021

CROWN
Shaw et al. NEJM 2020

CROWN PFS HR ORR

lorlatinib NR
0.28

76%

crizotinib 10.4 58%                                     



Importance of Baseline Brain Scan 
Study Drug PFS 

months
Brain mets 

PFS months 
No brain mets

Reference

ALEX Alectinib
Crizotinib

25.4
7.4 
HR 0.37

38.6 
14.8
HR 0.46

ASCO 2020

ALTA-1L Brigatinib
Crizotinib

NR
5.9
HR 0.24

29.4
12.9
HR 0.57

ESMO Asia 
2019

CROWN Lorlatinib HR 0.2 HR 0.32 ESMO 2020

PFS progression free survival; HR Hazard ratio



CNS Progression : Brigatinib vs Crizotinib  
Camidge et al JTO 2021  

Median intracranial PFS : Brigatinib 24 months , Crizotinib 5.5 months  



CNS Progression : Lorlatinib vs Crizotinib  
Shaw et al. NEJM 2020

  

Cumulative incidence of CNS Progression as First EventSurvival without CNS Progression



Summary of trials of ROS-1 inhibitors
crizotinib entrectinib ceritinib lorlatinib repotrectinib

Phase/study I/ PROFILE 1001 I-II/ALKA-372-001, 
STARTRK-1, 
STARTRK-2

II I-II I-II
TRIDENT-1
NEJM 2024

No. patients 53 161 32 69 71 (56*)

ORR % 72 67 62 62 (35*) 79 (38*)

mPFS 19.3 15.7 19.3 35.7 (9*)

mOS 51.4 Not reached 24

CNS mets(N) 24 11 (24*) 9 (13*)

Intracranial ORR 79% 64 (50*) 89 (38*)

mPFS 12 25.3 (13.8*)

mOS 28.3

34Results include TKI naïve and pretreated patients with TKI and /or chemotherapy * prior crizotinib



CROWN
Shaw et al. NEJM 2020

Overall Survival 

Hazard ratio for death 0.72

ALTA 1L
Camidge et al. JTO 2021

Hazard ratio for death 0.81



Side Effect Profiles of Next Generation ALK/ROS Inhibitors  
Drug Study Serious 

TRAEs
Dose 
reduction

Dose 
Discontinuation

Treatment Related Adverse Effects (TRAEs) more 
common than crizotinib

Alectinib ALEX 28% 16% 11% Anaemia, Mylagia, Raised bilirubin,  weight gain, 
musculoskeletal pain, photosensitivity reaction

Brigatinib ALTA-1L 28% 28% 12% Raised Creatine Kinase, Cough, Hypertension, 
Raised lipase, Early onset pneumonitis

Ensartinib eXalt-3 24% 24% 9% Rash (70%), pruritis, pyrexia

Lorlatinib CROWN 35% 49% 7 % Hypercholesterolaemia, hypertriglyceridaemia, 
weight increase, peripheral neuropathy, cognitive 
effects 

Entrectinib STARTRK No randomised data; commonest : fatigue, constipation, dysgeusia, oedema, dizziness, 
dysaesthesia

• Elevated transaminases are very common for all ALK-TKIs
• Often difficult to separate ‘paper’ toxicities from  clinically significant toxicities 
• Long term effects of low grade TRAEs are not known eg elevated creatine kinase 

References : Peters et al. NEJM 2017, Camidge et al NEJM 2018, Horn et al IASLC WCLC 2020, Solomon ESMO 2020  
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ALKOVE-1 : A Phase 1/2 Study of the Selective Anaplastic Lymphoma Kinase (ALK) 
Inhibitor NVL-655 in Patients With Advanced NSCLC and Other Solid Tumors 
NCT05384626
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ALKALINE

Ann Oncol 2023



Take home messages for everyday practice 

ALK (and ROS-1) positive NSCLC are clinically and biologically 

heterogeneous

We have a growing menu of ALK and ROS-1 TKIs that vary in 

chemistry/potency, efficacy, CNS penetrance, toxicity…..... Cost? 

Living longer will generate new questions on how best to optimise care for 

the individual patient

We lack head to head 2nd vs 3rd Gen TKI data 

Most important !

Ensure that ALK and ROS-1 are tested for 

Assess early & regularly for intracranial disease 
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