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Introduction

• Discovery of  activating mutations in  kinase domain of epidermal growth 
factor receptor (EGFR) opened a new era of targeted therapy in NSCLC

• Soda (2007)identified a fusion gene between echinoderm microtubule‐
associated protein‐like 4 (EML4) and anaplastic lymphoma kinase (ALK) genes

• Inversion in  short arm of chromosome 2 resulted in ligation of EML4 and 
ALK,to form a fusion protein consisting of the amino‐terminal portion of ELM4 
and the intracellular region of the protein tyrosine kinase ALK 

• The coiled‐coil domain within this portion of ELM4 mediated constitutive 
dimerization & activation of ELM4–ALK, resulting in oncogenic activity 



ALK rearrangement in NSCLC

• ALK identified in 1994 in anaplastic large‐cell lymphoma (ALCL) with t(2;5) 
chromosomal translocation as a fusion protein to nucleophosmin (NPM) 

• A member of  insulin receptor tyrosine kinases 
• EML4 essential for formation of microtubules & its binding protein
• Closely located genes  on short arm of chromosome 2 (2p21 & 2p23, resp)
• The fusion gene  joining exons 1–13 of EML4 to exons 20–29 of ALK 
• The EML4–ALK protein contained  amino‐terminal half of EML4, and the 

intracellular catalytic domain of ALK
• This dimerization induces aberrant activation of down‐stream signaling   

involved in inhibition of apoptosis & promotion of cell proliferation 



ALK downstream signaling

Targ Oncol jan 2013



VARIANTS OF  ALK FUSION

• At least 11 variants  reported  and most of them are oncogenic
• Common variants  are 1 (detected in 33% of NSCLC patients) (E13;A20) 

and  3a/b (29 %) (E6a/b;A20)
• All encode same intracellular tyrosine kinase domain of ALK, but contain

different truncations of EML4 (its coiled‐coil domain  necessary and
sufficient for the transforming activity of EML4–ALK)

• EML4  is not the exclusive fusion partner with ALK in NSCLC
• TFG‐ALK & KIF5B‐ALK  complicates clinical detection of ALK‐translocations



Different variants of EML4-ALK and non-EML4 fusion partners. 
(A) The nomenclature refers to the exon in EML4 translocated to the exon in ALK.
(B) The most common variants are E13;A20 (variant 1) and E6a/b; A20 (variant 3)

EUROPEAN JOURNAL OF CANCER 46 (2010)



Methods of detection for ALK fusion gene

• Break‐apart Fluorescence in situ hybridization (FISH) is the recommended 
method(gold standard)) for detecting ALK gene rearrangement (FDA) 

• IHC, fluorescence in situ hybridization (FISH), and reverse transcriptase‐
polymerase chain reaction (RT‐PCR)‐‐each has strengths and weaknesses

• Because of cost and ease of performance tumors for  IHC may be done to 
screen patients‐‐score of 1 or 2  considered for confirmatory FISH for ALK 



Methods to diagnose ALK rearrangements

Clin Cancer Res; July 15, 2012



Costs associated with different screening tests and their ability to detect true 
positives with 100% specificity(anaplastic lymphoma kinase-estimated example)

British Journal of Cancer (2012)



(A) FISH analysis using the ALK break apart probe.Arrows depict split signals indicative of a 
chromosome 2 inversion. Tumour is heterozygous – signals remain together on  other allele. 
(B) IHC analysis for ALK using the D5F3 (Cell Signalling Technology) antibody. Shown are 
examples of low (left) and high (right) ALK expressing tumours

EUROPEAN JOURNALOFCANCER 46 (2010)



Break Apart FISH Probe kit (Abbott Molecular, Abbott Park, IL, U.S.A.)
A red & green probe are hybridized to region flanking ALK translocation breakpoint 
Probes separated by an intervening fusion of translocated fragment (eg. EML4) 
That intervening fusion can be clearly seen here in several cells (arrows)
In normal allele,they are not separated,may be yellow ( artefact of visual overlap) 
Positive if ≥15% of ≥ 50 cell nuclei demonstrate split signal or  isolated red signal

Current Oncology June 2012



Prevalence of ALK fusion genes in NSCLC

• First screen for EML4–ALK(Soda et al 2007), using RT‐PCR  in 75 patients 
of NSCLC yielded  5 cases of fusion genes, with a frequency of 6.7 %

• In subsequent studies,it is found in about 1.6–11.6 % of NSCLC in 
unselected patient populations

• After adjustment for sample size, enrichment prior to preselection, 
screening methods, and ethnic differences, true incidence  closest to 2–7%



Frequency of ALK Gene Rearrangements in NSCLC
a-Includes one tumor with TRG-ALK fusion.
b-542 patients who had testing by IHC only are not included.
c-Patients in the original report that are described in another series are excluded.
d-Patients tested were preselected for factors associated with EGFR mutation positivity, enriching the 
tested population for factors that included adenocarcinomas and low/never smoking status.
e-Includes one tumor with KIF5-ALK fusion

J Thorac Oncol.2009;4: 1450–1454



Spectrum of EML4-ALK oncogenic driver fusions among different racial groups with NSCLC.
The different color shades represent EML4-AL Krates reported by different studies. 
Data among human populations other than white and Asian are lacking thus far

Genes & Cancer/ vol 3 no 7-8 (2012)



ALK abnormalities in tumors
Expert Opin. Ther. Targets(2012) 16(11)



Clinicopathologic features associated with EML4–ALK
NSCLC

• Pts with ALK fusion gene occur more  in
‐ adenocarcinoma histology , rarely (<1 %) in squamous cell carcinoma 
‐tend to occur in light (≤10 pack years) or never smokers
‐younger age
‐ no gender predilection
‐mutually exclusive with EGFR and KRAS mutations
‐strong positive relationship with TTF‐1 protein expression
‐ predominantly the signet ring cell subtype(caucasian)
‐



Spectrum of oncogenic driver mutations in Asian never smokers with lung adenocarcinoma.
The data were collected from 3 different studies to represent the mutational frequency range of 
different genes among the same population

Genes & Cancer/ vol 3 no 7-8 (2012)



Frequency of somatic genetic changes in NSCLC.
(A) EML4-ALK translocations,EGFR, KRAS and ERBB2 mutation

frequencies broken down by smoking history
(B) Frequency of somatic mutations in never or former light (<10 pack years;

Quit >1 year ago) smokers
The somewhat higher EGFR mutation frequency is likely a reflection of the   
predominance of studies from East Asian countries
The EGFR mutation frequency in Caucasian never/former light smokers is 35%

EUROPEAN JOURNALOFCANCER 46 (2010) 



Pathologic characteristics ofEML4-ALKNSCLC.EML4-ALKNSCLC demonstrates 
a signet cell features (arrow). (A) 40·magnification, (B) 1000·magnification

EUROPEAN JOURNALOFCANCER 46 (2010)



ALK inhibitors: role in NSCLC

• Crizotinib(Crizalk,Pfizer India):
‐Crizotinib (PF‐02341066) is the first in human ALK inhibitor developed
‐ A derivate of aminopyridine,developed as orally bioavailable, ATP‐
competitive small molecule inhibitor of mesenchymal epithelial transition 
growth factor (c‐MET), and hepatocyte growth factor receptor 
‐Inhibits ALK phosphorylation & signal transduction with  G1–S phase cell 
cycle arrest and induction of apoptosis in NPM–ALK‐positive ALCL cells 



Crizotinib

‐ ALK‐positive advanced NSCLC, ≥ 60 % of patients had  objective response 
(ORR), responses  rapid (median  7.9 weeks) & durable (median  49.1 wks)
‐The greatest  OR were noted in treatment‐naive patients, those with the 
lowest performance status score, and Asian patients

‐‐Showed in vitro activity and early evidence of clinical activity in NSCLC with 
chromosomal rearrangements of the ROS1 receptor tyrosine kinase gene
detected by FISH assay



Drugs 2012; 72 (1)



Drug summary:Crizotinib

Expert Opin. Pharmacother.(2012) 13(8)



Tolerability profile of crizotinib. Treatment-related adverse reactions (all grades) 
occurring in 15%of 255 patients with anaplastic lymphoma kinase-positive, locally 
advanced or metastatic,non-small cell lung cancer treated with oral crizotinib 250 mg 
twice daily in a phase I trial and a phase II open-label trial.

Drugs 2012; 72 (1)



Kwak et al.                                Crino et al.

Clinical data with crizotinib

Curr Oncol Rep (2012) 14



Timeline for approval of kinase inhibitors for molecular subsets of NSCLC. EGFR 
inhibitors were approved initially for a broader population and subsequently 
forEGFR-mutant patients with NSCLC.In contrast, clinical development and 
approval of crizotinib have been limited to ALK-positive patients withNSCLC

Clin Cancer Res; July 15, 2012



Clinicopathologic characteristics of 255 patients with ALK-rearranged NSCLC, the data for 
whom were used for conditional approval of crizotinib

Drug Design, Development and Therapy 2011:5



Drug Design, Development and Therapy 2011:5



Response of ALK-rearranged NSCLC after 2 months of crizotinib

Drug Design, Development and Therapy 2011:5



Ongoing Crizotinib trials
• PROFILE 1005 –Phase II trial,open label single arm in adv NSCLC

‐‐Preliminary report  of 261/901
‐‐majority  had adenocarcinoma histology
‐‐median age 52 years,
‐‐ >95 % of the patients were never or former smokers
‐‐53 % of the patients had received ≥3 prior therapies                        
‐‐Crizotinib demonstrated an ORR of 59.8 %
‐‐responses within first 8 wks of treatment in 71 % patients     
‐‐with a median time to response of 6.1 weeks
‐‐Median PFS was 8.1 months (95 % CI 6.8‐9.7)
‐‐ AEs were gastrointestinal effects (nausea, vomiting, and  
diarrhea) and vision disorder (visual impairment, photopsia, 
vision blurred, vitreous floaters,photophobia, and diplopia), 
‐‐grade≥3 AEs were reported in 25.6 % of patients             
neutropenia, increased alanine aminotransferase,  fatigue



Ongoing Crizotinib trials

• PROFILE 1007 ‐‐first phase III, randomized, open‐label study evaluated the
efficacy and safety of crizotinib versus standard single‐agent
chemotherapy (pemetrexed or docetaxel)
‐‐347 EML4–ALK‐positive adv NSCLC‐pretreated patients 
‐‐Crizotinib was superior to standard single‐agent 
chemotherapy(docetaxel or pemetrexed) in terms of 
response  and PFS (median 7.7 versus 3.0 months,P<0.0001)    

‐‐no significant difference in OS between crizotinib and   
chemo‐therapy, but interim analysis was immature 

‐‐ AEs with crizotinib were diarrhea, nausea,vomiting, and   
‐‐elevated transaminases, while nausea, fatigue,neutropenia,   
decreased appetite, alopecia were in pemetrexed/docetaxel 

‐‐crizotinib is associated with significantly greater 
improvement from baseline in both lung cancer symptoms and QOL



• PROFILE 1014 ‐‐ ongoing phase III, randomized, open‐label study 
‐‐efficacy and safety of crizotinib versus pemetrexed/cisplatin or 
pemetrexed/carboplatin in previously untreated patients with NSCLC   
rearrangement at ALK gene locus

• The primary endpoint of this study is PFS
• Result by 2013 end 



Expert Opin. Ther. Targets(2011) 16(Suppl.2)



Crizotinib problems:

Cost

Resistance-ALK dominant

-non ALK dominant



Crizotinib with Erlotinib

• Ongoing phase I/II clinical trial is evaluating the safety, efficacy, and 
pharmacokinetics of erlotinib with or without crizotinib

• erlotinib plus crizotinib at the MTD (erlotinib 100 mg QD plus crizotinib
150 mg BID) was well tolerated, with no unexpected AEs,

• showed signs of activity in a pretreated population (treated with one or 
two prior chemotherapy regimens and none previous MET‐directed 
therapy) with advanced NSCLC 

ESMO 2012 abstract



Current clinical trials evaluating ALK inhibitors in cancer

Expert Opin. Investig. Drugs(2012) 21(7)



ALK inhibitors in various stages of development

Expert Opin. Ther. Targets(2012) 16(11)



Curr Oncol Rep (2012) 14



Genes & Cancer/ vol 3 no 7-8 (2012)



Clinical Characteristics of Genotype-Specific Subsets of Patients With Non–Small-Cell Lung Cancer

J Clin Oncol 27:4247-4253



Mutation Analysis of Screened Patients With Non–Small-Cell Lung Cancer

J Clin Oncol 27:4247-4253





Evolution of non–small-cell lung cancer (NSCLC) subtyping from histologic to molecular based.
EGFR,epidermal growth factor receptor; HER2,human epidermal growth factor receptor2; 
MAP2K1, mitogen-activated protein ki-nase kinase 1

Lancet Oncol 12:175-180, 2011



Oncogene Mutations Predict Likelihood of Response or Resistance to Current Targeted 
Therapies in Patients With NSCLC

Common mutations (exon 19 deletions,L858R,L861Q,&G719A/C/S) a/w response to EGFR TKIs; 
Rare mutations such as T790M and exon 20 insertion are associated with resistance to TKIs.
KRAS mutations and ALK2p23 rearrangements may also predict resistance
Alternative therapies should be considered when resistance is predicted J Clin Oncol 2013(31):1039-1049



J Thorac Oncol.2011;6: 1474–1480



• Pemetrexed may have exceptional activity in ALK‐rearranged  NSCLC, with 
a response (in monotherapy or in combination with a platin) of 42% and a 
PFS of 9 months

• Other publications have appeared in support, but more recently, those 
findings have been questioned

• The ongoing PROFILE studies should be informative

J Thorac Oncol 2011;6:1474–80



•The discovery of EML4–ALK  brings us one step closer to 
personalized lung cancer therapy with crizotinib and other 
drugs

• A never or light-smoking patient presenting with NSCLC 
adenocarcinoma should be screened first for EGFR mutation 

•If EGFR mutation is absent, patients screened for ALK 
rearrangement by IHC 

•If IHC reveals moderate staining for ALK, a FISH confirmatory 
test is required.


