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celular 

Inhibición 
de ALK  

  
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En la enfermedad ALK+, la inhibición de ALK 
promueve la muerte de las células cancerosas 

restaurando la apoptosis e inhibiendo el 
crecimiento y la proliferación de las células 

tumorales 

1. Torti & Trusolino. EMBO Mol Med 2011;  
2. McDermott, et al. Cancer Res 2008;  
3. Takezawa, et al. Clin Cancer Res 2011  

Reordenamiento de ALK 



EML4-ALK in NSCLC 

Soda et al., Nature 2007; 448:561-567 

EML4 

EML4–ALK variant 1 
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(57% ORR and 90% DCR) 







NSCLC ALK + 
A targeted therapy model 

Clinical characteristics Biomarker 
High Activity 

Treatment 



NSCLC  ALK+   

Solomon B et al. NEJM 2014; Soria J-C et al. Lancet 2017  
Peters S et al. NEJM 2017; Holla R et al. Cold Spring Harb Mol Case Stud 2017; Tao, et al. 

Thorac Cancer 2017; Kayaniyil, et al. Curr Oncol 2016 
Camidge, et al. Lancet 2012; Chia, et al. Clin Epidemiol 2014  
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Inhibits apoptosis 

Growth, proliferation, survival, angiogenesis 

Tumour cell 

Normal cell 

ALK 
active 

ALK 
inactive 

Ligand binding 

EML4-ALK 
constitutively active 

ALK kinase domain 

EML4 
domain Never-Light smokers 

~70% never smokers 

Advanced disease 
- pleural/pericardial efusion 
- Multiple  metastatic locations 
- CNS involvement 
 

Young patients 
55 y  

Molecular 
Clínical 

characteritics  
Pathology Biomarker 



ALK testing? 

NGS 

Elige la mejor opción para tu hospital 

 

FISH test Inmunohistochemistry 

Ou SH, et al. Oncologist 2012; Kerr K & Lopez Rios F. Ann Oncol 
2016 

ALK rearrengement mARN transcription 
Fusion gene ALK 

 ALK protein Oncogenic activity  
Potential target 

Transcription Translation 

Multiplex PCR 



 
Protein is the target 

Clinical cases with ALK fusion 

Clinical cases with ALK protein 

FISH-positive, IHC-
negative 

FISH-negative, IHC-
positive 

Low response 
ALK TKI response  

Adaptado de K. Kerr 



ALK = quinasa del linfoma anaplásico; EGFR = receptor del factor de crecimiento epidérmico; HER2 =  
receptor del factor de crecimiento epidérmico humano 2 
KRAS = K-ras 

32% KRAS 

47% Desconocido  

1% HER2 

12% EGFR 
5% ALK 

28.000 pacientes fueron 
diagnosticados con CP 

en España en 2017 
 

Unos 500 pacientes  
fueron ALK-positivos 6 

1. Dearden, et al. Ann Oncol 2013; 3. Hallberg, et al. Nat Rev Cancer 2013; 4. Pao & Girard. Lancet Oncol 2011;  
5. Rikova, et al. Cell 2007;   6 SEOM evaluation report 2018 

Diagnóstico de enfermedad ALK+ en CPNM 

La enfermedad ALK+ aparece en aproximadamente el 5% de los pacientes con CPNM avanzado1-5 



Crizotinib and Ceritinib in first line  



Alectinib vs Crizotinib in 1L  

J-ALEX 

ALEX 

ALESIA 

Japan 

 

 

 

Western countries 

 

 

 

Asia 

ALTA 1L 

Brigatinib vs Crizotinib in 1L  



Nokihara, et al, ASCO 2016 (Abs. 9008) 



Crizotinib 
(n=151) 

Alectinib 
 (n=152) 

 
Pacientes que responden, n (%) 
(IC 95%) 
 

114 (75,5) 
(67,8–82,1) 

126 (82,9) 
(76,0–88,5) 

Valor p 
0,09  

(No estadísticamente significativo) 

   RC, n (%) 3 (2) 7 (5) 

   RP, n (%) 111 (73,5) 119 (78) 

   EE, n (%) 24 (16) 9 (6) 

* 33.1 months (95% CI: 31.3–NE) with alectinib versus 11.1 months (95% CI: 7.5–13.0) with crizotinib 

ALEX 
Response rate and response duration 

Shaw, et al. ASCO 2017; Peters, et al. N Engl J Med 2017; Camigde, et al. ASCO 2018  



ALEX 
Progression Free Survival 

 

Camidge DR, et al. Updated efficacy and safety data from the global phase III ALEX study of alectinib (AL) versus crizotinib (CZ) in 

untreated advanced ALK+ NSCLC . J Clin Oncol 36, 2018 (suppl; abstr 9043). Póster #9043 presentado en ASCO 2018 Annual 

Meeting  



ALESIA: PFS and Overall Survival 

Primary data cut-off: 31 May, 2018  IRC: Independent Committee Revisor 
Median duration of follow up (alectinib vs crizotinib): 16.2 vs 15.0 months 
The p-values presented for the efficacy endpoints are descriptive only  







Camidge et al, NEJM 2018 



ALTA-1L: Phase 3, Open-label, Randomized, Multicenter, Study 
(NCT02737501) 

Camidge et al, NEJM 2018 



PFS 

Solomon B et al. NEJM 2014; Soria J-C et al. Lancet 2017; Camidge R et al. ASCO 2018 (Abst. 9043), Camidge R et al, NEJM 2018 

CRIZOTINIB  

PROFILE 1014  
mPFS: 10.9 m  

ASCEND-4 

mPFS: 16.6 m 

CERITINIB  

ALTA 

mPFS  NR m 

BRIGATINIB 

ALEX 

mPFS 34.8 m 

ALECTINIB 
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Number of brain metastases in the first radiological study 

35% of ALK + have CNS involvement at diagnosis 

Most patients have multiple CNS metastasis 

1. Guerin, et al. J Med Econ 2015  
2. Johung, et al. J Clin Oncol 2016;  
3. Weickhardt, et al. J Thorac Oncol 2012  

High incidence of CNS involvement in NSCLC ALK patients 
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Crizotinib 
(n=22) 

Alectinib 
(n=21) 

Alectinib showed high CNS activity 81% and  38% of measurables 
metastases  

1. Peters, et al. N Engl J Med 2017 
2. Shaw, et al. ASCO 2017 

Measurables and non measurables mets 





IRC-assessed cumulative incidence of  CNS progression 
(CRI, ITT)  

*Para cada paciente, se contabilizó el primer acontecimeinto de progresión en SNC, progresión fuera de SNC o 
muerte. 
RIA = Razón de incidencia acumulada. 

Crizotinib RIA de 12 meses: 
58,3% (IC 95%, 43,4–70,5) 
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Alectinib RIA de 12 meses: 
16,0% (IC 95%, 8,2–26,2) 
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Crizotinib RIA de 12 meses: 
31,5% (IC 95%, 22,1–41,3) 

Alectinib RIA de 12 meses: 
4,6% (IC 95%, 1,5–10,6) 

HR específico de causa 0,18  
(IC 95%, 0,09–0,36)  P<0,0001 

HR específico de causa 0,14 
(IC 95%, 0,06–0,33) P<0,0001 

Meses 

Patients with CNS involvement at diagnosis† Patients without CNS involvement at diagnosis† 



Brigatinib activity in CNS involvement  
(ALTA 1L) 

  



ALK TKIs TOXICITY PROFILES 



Second-line therapy for ALK+ NSCLC  







OS results in ALTA trial 
 

Huber et al, ASCO 2018 



Solomon B Lancet 2018 

Lorlatinib:  fase II trial 



Phase 1/2 lorlatinib study: efficacy and safety  



Phase 1/2 ensartinib (X-396): systemic efficacy and safety  



After Progression continuation with TKI is preferable  

Solomon- JCO 2018 







Drilon et al ASCO 2018 ; Gainor et al Cancer discov 2016 



Phase 2 study of lorlatinib  



ALK fusion variants 

Childress et al. Mol CancerRes 2018  Lin J e tal al JCO 2018  



Variants of EML4-ALK are associated with different 
resistance mechanisms  



Different resistance mechanisms  



What is the value of checkpoint inhibitor therapy in  ALK+ NSCLC?  



ALK TKI 2ª G  ALECTINIB / BRIGATINIB LORLATINIB QT/QT + BEVA +Atezo? 

ALK TKI 2ª G  ALECTINIB / BRIGATINIB LORLATINIB QT/QT + BEVA +Atezo? 

BRIGATINIB, CERITINIB 

TREATMENT OF NSCLC ALK + 

NO MOLECULAR TESTING BEYOND THE PROGRESSION OR  G1202R MUTATION 

TESTING BEYOND THE PROGRESSION OR  NO G1202R MUTATION 



The best benefit ever seen in advanced NSCLC 

1. Soria J-C et al. N Engl J Med, 2017  
2. Reck M et al. N Engl J Med. 2016 

3. Peters S et al. NEJM 2017  
4. Camidge et al,  NEJM 2018 

ALK+ 

Alectinib 

Crizotinib 

Brigatinib 

Ceritinib EGFR Mut+ 

Erlotinib 

Gefitinib  

Osimertinib 

Afatinib  

mPFS 18.9 m 

mPFS 10.3 m 

mPFS  >30 m3 

PD-1 / PD-L1 Durvalumab 

Pembrolizumab 

Nivolumab  

Atezolizumab ▼ 

mPFS  >30 m4 



What is ROS1? 
• The ROS1 gene encodes a tyrosine 

kinase receptor (TKR) of unknown 
function and ligand1–3 

• Genetic rearrangements leading to 
constitutive expression of ROS1 have 
been identified in a number of 
tumour types, including NSCLC1–3 

1. Birchmeier, et al. Proc Natl Acad Sci USA 1987; 2. Rikova, et al. Cell 2007; 3. Gainor and Shaw. Oncologist 2013 

ROS1 gene on 

chromosome 6 

(6q22) 

The function of ROS1 is not clear3 

No ligands have 

been identified 

Mice lacking wild-type 

ROS1 are viable and 

appear healthy 

Inside 

Outside 

Cell  

membrane 

ROS1 encodes a TKR that 

is structurally similar to the 

anaplastic lymphoma 

kinase (ALK) protein 

Inside 

Chromosome 6 
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6p24.1 

6p22.3 

6p22.1 
6p21.32 

6p21.2 

6p12.3 
6p12.1 

6q12 

6q14.1 

6q14.3 

6q16.1 

6q16.3 

6q22.1 

6q22.31 

6q22.33 

6q23.2 

6q24.1 
6q24.3 

6q25.2 

6q26 

6p24.3 



• ROS1 rearrangements are identified in 
approximately 1–2% of NSCLC cases.1–3 

• ROS1 rearrangements lead to fusion of a 
portion of ROS1, including its tyrosine 
kinase domain, to a variety of different 
partner proteins.3,4 

• ROS1 fusion kinases are constitutively 
activated and function as potent 
oncogenic drivers.3,4 

 

Ros1 REARRANGEMENTS IN NSCLC 

NSCLC, non-small cell lung cancer. 

Lin and Shaw. J Thorac Oncol. 2017;12:1611–1625. 

1. Bergethon K. J Clin Oncol. 2012;30:863–870.  2. Dugay F, et al. Oncotarget. 2017;8:53336-53351.  
3. Davies KD, Doebele RC. Clin Cancer Res. 2013;19:4040–4045.  4. Lin JJ and Shaw AT. J Thorac Oncol. 2017;12:1611–1625.  



The ROS1-fusion protein is constitutively 
active and drives cell proliferation and survival 

1. Rossi, et al. Lung Cancer 2017; 
2. Gainor and Shaw. Oncologist 2013 

Activation of 

signalling pathways 

RAS/ 

MEK/ERK PI3K/AKT 

Proliferation Cell survival 

ROS1-fusion protein activates 

intracellular signalling cascades1 

Plasma membrane associated 

CD74-ROS1 (E32) 

SDC4-ROS1 (E32) 

SLC34A2-ROS1 (E32) 

Localised in the cytosol 

EZR-ROS1 

CCDC6-ROS1 

LRIG3-ROS1 

TPM3-ROS1 

SLC34A2-ROS1 (E34) 

SDC4-ROS1 (E34) 

CD74-ROS1 (E34) 

Localised in the Golgi apparatus 

FIG-ROS1 

The exact mechanism by which 

ROS1-fusion proteins become 

constitutively active remains 

unclear2 

JAK/STAT 

SHP2 



1. Detterbeck, et al. Chest 2017; 2. Oikawa, et al. Oncol Lett 2012; 3. Patil, et al. J Thorac Oncol 2018; 4. Doebele, et al. Cancer 2012 

Bone 16.4%2 

Brain 12.4%2 

(36% for 

ROS1+ NSCLC)3 

Liver 7.1%2 

Lung 18.5%2 

NSCLC subtypes can have distinct patterns and 

proportions of metastatic spread4 

The most common sites of metastases for 

patients with all types of Stage IV lung 

cancer2 

Typical characteristics of patients with ROS1+ NSCLC 



 

1. Shaw AT, et al. N Engl J Med. 2014;371:1963–71. 

2. Davies KD, et al. Clin Cancer Res. 2012;18:4570–4579. 

3. Pfizer, data on file. 

4. Zou HY, et al. PNAS. 2015;112:3493–3498.  

Ros1 Receptor tyrosine kinase 

• ROS1 is phylogenetically related to 
ALK, resulting in sensitivity to some 

ALK tyrosine kinase inhibitors (TKIs).1 

• Crizotinib is an oral TKI that targets 
ALK/ROS1/MET.2–4 

•ALK kinase Ki : 0.5 nM* 

•ROS1 kinase Ki : 0.6 nM* 

•MET kinase Ki : 0.6 nM* 

 

 
 
 

ROS1 

Shaw et al. ASCO 2012:abs7508. 

Crizotinib 

*In biochemical assays using recombinant human enzymes. 

ALK, anaplastic lymphoma kinase; Ki, inhibition constant. 



Updated Progression-free Survival 



Overall Survival   

NR, not reached; NSCLC, non-small cell lung cancer; OS, overall survival. 

1. Shaw AT, et al. N Engl J Med. 2014;371:1963–71. 

2. Shaw AT, ELCC 2019 



aN is the number of patients who underwent ROS1 fusion partner testing. FISH, fluorescence in situ hybridization.   

Overall Survival AND ROS1 FUSION PARTNERs(N=30)a  
OS did not differ according to ROS1 fusion partner; however, the number of patients with each 

type of ROS1 rearrangement was small, and further studies are needed 



Crizotinib en CP ROS1 
Trial N Region ORR  PFS (mo.) mOS / 1-year OS  

PROFILE 1001, ph I 53 World 72% 19.3 51.4 mo. / 79% 

OxOnc, ph II 127 East Asia 72% 15.9 32.5 mo. / 83.1% 

EUROS, pooled 32 Europe 80% 9.1  NR 

AcSé, basket trial 37 France 54% 5.5  17.2 mo. / NR 

EUCROSS, ph II 34 Spain/Germany 73% 20.0 NR / 83% 

METROS, ph II 26 Italy 62% 17.2 Not reached 

Shaw- NEJM 2014 * Shaw – ESMO 2016 (1206PD) * Wu – JCO 2018 * Mazières – JCO 2015 * Moro-Sibilot – WCLC 2018  
* Vassal – ASCO 2018 * Michels – JTO 2019 * Landi – JTO 2017 

Crizotinib approved by FDA (11 March 2016) and EMA (21 July 2016)  



Lorlatinib in advanced ROS1-positive non-small-cell lung  
cancer: a multicentre, open-label, single-arm, phase 1–2 trial  

Shaw AT, et al. Lancet Oncol 2019 

TKI naive Crizotinib pretreated 



Lorlatinib in advanced ROS1-positive non-small-cell lung  
cancer: a multicentre, open-label, single-arm, phase 1–2 trial  

Shaw AT, et al. Lancet Oncol 2019 



Eficacia de Entrectinib en CP ROS 1 





Eficacia en CP ROS 1 

N 
RR  
(%) 

PFS 
 (mo.) 

OS (mo.)  
1-y OS (%) 

Ic-RR 
 (%) 

Efficacy 
pretreated 

Crizotinib 53 72 19.3 51.4 / 79 50 (ALK) NA 

Ceritinib 32 62 19.3 24 / 56 25a NA 

Entrectinib 53 77 19.0 (26.3 w/o BM) NR / 85 55* NA 

Lorlatinib 13 62 21.0 NR 67@ YES (27%) 

Repotrectinib 10 80 NR NR 100# YES  (18%) 

Shaw – NEJM 2014 * Shaw – ESMO 2016 * Peters – NEJM 2018 * Lim – JCO 2018 * 
Doebele – WCLC 2018 * Ou – WCLC 2018 * Lin – WCLC 2018  aN=8. *N=11. @N=6 Crizotinib-naïve. 55% in crizotinib-pretreated. #N=6 



ALK y ROS1 

• Enfermedad poco frecuente (¿o no tanto?? 

• Necesario diagnóstico 

• Tratamiento muy eficaz 

• Frecuente afectación SNC controlable 

• Tratamiento con TKI secuencial 

• Necesidad de identificar molecularmente la 
progresión 

• Papel de la QT / Inmuno en fases tardías 

 

V SIMPOSIO GETHI 



La Oncología actual es el paradigma de la medicina 
personalizada 

▼This product is subject to additional monitoring. This will allow quick identification of new safety information. 
Healthcare professionals are asked to report any suspected adverse reactions. These should be reported to the 
regulatory authorities in your country according to your national requirements 

Tsao A et al. J Thorac Oncol. 2016; Dearden S et al. Ann Oncol 2013; 
AVASTIN SmPC 2018; clinicaltrials.gov    

El tratamiento es orientado según el perfil 
molecular 

EGFR Other 
4% 

MET 3% 

>1 Mutation 3% 

HER2 2% 

ROS1 2% 

BRAF 2% 

RET 2% 

MEK1 <1% 

NTRK1 1% 

PIK3CA 

EGFR  
sensitising 

17% 

KRAS 
25% 

Unknown oncogenic 
driver detected 

31% 

ALK 
~5% 

• Crizotinib 

• Cabozantinib 
• Ttepotinib 
• Savolotinib 
• Capmatinib 

• Crizotinib 
• Alectinib 
• Certinib 
• Lorlatinib 
• Brigatinib 
• Ensartinib 

• Trastuzumab 
• Trastuzumab 

emtansine 
• Pertuzumab 
• Afatinib 
• Dacomitinib  

• Entrectinib 
• Crizotinib 

• Cabozantinib 

• Certinib 

• Lorlatinib 

• DS-6051b 

• Vemurafenib 

• Dabrafenib 

• Gefitinib 

• Erlotinib) 
• Erlotinib+  Bevacizumab) 
• Afatinib 

• Osimertinib 

• Necitumumab 

EGFR sensitising ALK MET 

HER2 ROS1 

BRAF 

• Cabozantinib 

• Apatinib 

• Vandetanib 

• Ponatinib 

• Lenvatinib 
• LOXO-292 

 

RET • Entrectinib 

• Larotrectinib 
• Cabozantinib 

• DS-6051b 

NTRK1 

• LY3023414 

PIK3CA 

• Trametinib 

• Selumetinib 

• Cobimetinib 

MEK1 

Mutaciones comunes en Cáncer de Pulmón 


