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EGFR mutation / EML4-ALK Translocation  



증례 요약 

 51세 남자 

 

 한달 전 시작된 기침 

 폐렴으로 진단하고 항생제 치료하였으나 호전되지 않음 

 CT에서 폐암 의심하에 기관지내시경 시행하려 하였으나 허리
통증과 기침으로 인해 실패 후 전원됨 

 

 Light ex-smoker 1/5 pack X 5 years (1PY)  

 객담(+) 객혈(-) 흉통(-) 

 

   



Initial Radiographs 



Initial CT Findings 

Stage T4N3M1b 

Bone, Neck LN 



PET/CT Findings – Iressa PET study 

2013.12.27 2013.01.08 

Gefitinib 
1weeks 

Baseline PET SUV 

Max=11.6, Peak 9.1 

Baseline PET SUV 

Max=12.9, Peak 10.9 

PeakSUV change(%) 

-19.8% 



Biopsy Finding 

 Metastatic Adenocarcinoma, poorly differentiated 

 TTF-1(+) ALK IHC (+) 

 No EGFR & K-RAS mutation 

 ALK FISH (+)  positve 24% 

 

 



Hospital Course 

 Palliative Radiation on Spine d/t severe pain 

    21Gy (10Fx) 

 2013.1.21 Alimta + Cisplatin start  

 



Hospital Course 

 1 weeks later,  

     Develop Sudden orthopnea & general weakness 

     Nausea, Poor oral intake 

 

 Refer to ER 

     LFT AST/ALT 1604/1501 Cr 2.13 

     BP 83/69 mmHg, PR 119/min RR 25/min Saturation 95% 

      

 

 

 



Radiographs 



Pericardial Effusion 

 Malignant cell 50% 

 Pericardiocentesis 

 

      

 

 

 



PET/CT Findings – Crizotinob  

2013.01.08 2013.02.18 

Crizotinob 

1 weeks 



CT Findings 



FDA approval 

• Crizotinib reportedly carries a $9,600 per month price 

tag, plus the  cost of the genetic testing from Abbott, and 

together this could be prohibitive for many. 

 



EML4: echinoderm microtubule-associated protein-like 4 

ALK: anaplastic lymphoma kinase 

 

• Detected in a 62 years old Japanese male with 

 resected adenocarcinoma 

• Retroviral cDNA expression library – from RNA 

 extracted from tumor tissue 

  



Chromosome 2p21 (EML4) --- Chromosome 2p23(ALK): separate by 12 megabp 





Transforming activity of EML4-ALK 







 in 1,529 lung cancers  

 44 ALK-fusion-positive  

 13 ROS1-fusion-positive 

 14 RET-fusion-positive 

RET, ROS1 and ALK fusions in lung cancer 
 

Takeuchi K, Soda M, Togashi Y, et al. 



Seo, et al., Genome Res. 2012;22:2109-2119 

Mutation/Fusion in Korean Adenocarcinoma 

Female: 109 (54.5%) 
Never-smoker: 116 (58.0%) 



Diagnosis of EML4-ALK 

 RT-PCR 

 

 FISH (Fluorescent in situ hybridization) 

 

 IHC 



RT-PCR 

 Rapid, Sensitive 

 Need multiplex RT-PCR 

 Formalin fixed paraffin embedded tissue: difficult for RT 

 False positive? 

 



FISH 

 Vysis ALK Break Apart FISH Probe Kit  

 (Abbott Molecular, Inc.)  

 

 Approved by FDA concurrently with crizotinib. 

 

 Less than $250 per patient 



FISH in an EML4-ALK positive tumor 

Sasaki et al Eur J Cancer 2010  

A split of red and green probes 

Cannot distinguish between the different EML4-ALK fusion variants 

  



Positive criteria 

 Split;  2 signal diameters 

 Negative; <5/50 or < 10% 

 Positive; >25/50 or 50% 

 Second reader on 10-50% 

 Positive; >15/100 (>15%) 

Scientific  

background ? 
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Figure 1. Immunohistochmical staining patterns for ALK by 
three grading system. (a) Diffuse staining with strong intensity 
(+++), (b) diffuse staining pattern with moderate or weak intensity 
(++), (c) focal staining with weak intensity (+), and (d) no staining (-). 

(c) 

(a) (b) 

(d) 



EML4-ALK FISH 
Total 

IHC grade Positive Negative 

0 1 338 339 

1 4 19 23 

2 5 7 12 

3 13 2 15 

Total 23 366 389 

Exact Cochran-Armitage trend test : p < 0.001 

  



ALK IHC vs FISH 



Duo-links®  



Antibodies for Duo-links®  

1 496/1058 1620 
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WD Kinase 

EML4 ALK 

EML4 antibody 

epitope: 1-63 a.a of EML4 

Abcam (Ab57297), Mouse 

Recommended dilutions 

WB: Use at a concentration of 1-5 µg/ml.  

IF/ICC: Use at a concentration of 1-5 µg/ml.  

IHC-P: Use at a concentration of 1-5 µg/ml.  

Cellular localization: Cytoplasmic 

 

ALK antibody 

epitope: C-terminus of ALK 

Novus (NB120-4061), Rabbit 

Recommended dilutions 

IHC, IHC-P, IHC-F: 1:50-1:100  

Cellular localization: cell Membrane 

 

p-ALK (Tyr1604) antibody 

Novus (NB110-55453), Rabbit 

Recommended dilutions 

IHC: 1:100-1:250, IP: 1:20, IB: 1:5000 

 



ALK- 

Cell lines 

ALK+ 

Cell lines 

Paraffin-embedded Slide-mounted 



Choi et al Lung Cancer 2011  

Adenocarcinoma 

EGFR & KRAS mutation 
 

ALK IHC 
 

EGFR mutation + 
 

EGFR TKI 
 

ALK FISH test + 
 

ALK-TKI 
 

+ 



Sasaki et al Eur J Cancer 2010  

Clinical Features of EML4-ALK  

 Unique clinical subgroup of NSCLC patients 

 EML4-ALK and EGFR mutations are mutually exclusive. 

 Occur in younger patients  

 More advanced NSCLC 

 

  

Never or Former light smokers 



Mutually exclusive with EGFR, KRAS 



Age/Sex 

 Younger 

  Not female-dominant 



Pathology 

 adenocarcinoma including acinar to solid type, 

mostly signet-ring cell nest with mucin 

 squamous and mucoepidermoid: rarely found  

 acinar adenocarcinoma: Asian patients 

 signet ring cell : Western patients 

 



Two common patterns 



Treatment of ALK+ lung cancer 



Platinum-based chemotherapy 

similar to other types of NSCLC 



EGFR-TKI 

worse outcome 



Effective drugs 

 ALK inhibitors 

 

 HSP90 inhibitors 



ALK inhibitors 

2nd 

generation 



Effect of crizotinib 



F/34, adenocarcinoma, non-smoker 



M/55, adenocarcinoma, smoker 

Jun-2011  Aug-2011 



Results of a clinical trial with crizotinib 

 Response rate; 57% (47/82) 

 Stable; 33% (27/82) 

 6-month PFS; 72% 



Crizotinib; also active to ROS1 



HSP90 

• A cellular chaperone  for conformational maturation and 

stability of more than 200 client proteins 

 Oncoproteins; Her2 in breast cancer, c-KIT in GIST, 

Mutant EGFR, EML4-ALK in NSCLC, Bcr-Abl in CML 

• Hierarchy of client sensitivity; HER2 > mutant EGFR > 

Raf-1 > Akt > mutant BRAF> wild-type EGFR 

 

 



Effect of HSP90 inhibitor 



ALK modulation 

C, control; N, NPS-1034; P, PF-02341066; D, 17-DMAG 

Dose: 1 uM 

Time: 24 hr 
Crizotinib HSP90 inhibitor 



Effect on xenograft model 
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Control 

17-DMAG 

TAE 684 

17-DMAG: 10mg/kg, daily (5 day/week), IP 

TAE 684: 15 mg/kg, daily (5 day/week), Oral 

Drug Re-exposure 

Drug Stop 





M/51, adeno, non-smoker 

2011.10.6   2011.11.18 



F/62, adeno, non-smoker 

2011. 8. 25   2011. 10. 7 



Unique side effect 

 blurred vision, flashing, and delayed dark/light accommodation  

● ‘Trails’ from lights in 

peripheral vision in low 

light conditions 

    (e.g. dawn and dusk) 

 

 

 

 



Resistance to crizotinib 

• 28/M, non-smoker 

• EML4-ALK+ by RT-PCR 

• Response to crizotinib 

• After 5 months, resistance 
developed 

• Secondary mutation+ 
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More complicated than EGFR mutant cells 

Secondary mutations 



• In vitro model (H3122) 

• L1196M secondary mutation in resistant cell line 
to crizotinib 

 

Resistance to crizotinib 



Addiction to ALK despite 2nd mutation 

Response to siALK 



Response to 2nd-generation ALKi 

Still sensitive to TAE684, AP26113 



Response to HSP90 inhibitor 

Also sensitive to HSP90 inhibitor 



Possible resistant mechanisms 

 Genetic alteration of the drug target, ALK 
 (point mutation and/or gene amplification) 
 

 Alternate oncogenes  
(KRAS, EGFR mt, etc) 
 

 Activation of bypass signaling 
(EGFR, KIT, etc) 
 

 Small cell transformation, EMT ?? 

 










