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Crossover

No Crossover

ALK-positive NSCLC : 1L Crizotinib (OS) 
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~ 34 months

ALK-positive NSCLC : 1L Alectinib (PFS) 
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Alectinib (n=125)

Crizotinib (n=62)

Censored

Primary endpoint

Primary data cut-off: 31 May, 2018

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

NE, not estimable

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
11.1 months

NE

ALESIA PROGRESSION-FREE SURVIVAL (INVESTIGATOR)
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• A competing risk analysis with CNS progression, non-CNS progression and death as 

competing events was conducted; for each patient, only the first event was counted

Primary data cut-off: 31 May, 2018; IRC by RECIST v1.1

The p-values presented for the efficacy endpoints are descriptive only

Alectinib (n=125)

Crizotinib (n=62)

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

7.3% 

35.5%

(95% CI 3.6–12.8)

(95% CI 23.5–47.8)

ALESIA TIME TO CNS PROGRESSION (IRC)

Cause-specific HR 

(95% CI)

P-value (log-rank test)

0.14

(0.06–0.30)

P<0.0001



ALESIA OVERALL SURVIVAL

Alectinib

n=125

Crizotinib

n=62

Patients with event, n (%) 8 (6.4) 13 (21.0)

Median, months

(95% CI)

NE NE 

(19.8–NE) 

HR
(95% CI)

P-value (log-rank test)

0.28
(0.12–0.68)

P=0.0027
0
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Alectinib (n=125)

Crizotinib (n=62)

Overall survival data are immature

Primary data cut-off: 31 May, 2018

The p-values presented for the efficacy endpoints are descriptive only
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FISH, PCR, NGS

PCR, NGS

IHC

Tissue, Liquid

Tissue, Liquid

Tissue

Diagnosis of ALK-positive NSCLC 



FISH IHC RT-PCR NGS

Current standard for ALK

detection
Yes No No No

Sensitivity
Break-apart signal 

can be subtle

High with 

detection 

enhancement

High High

Detection of unknown 

variants
Yes Yes No Yes

Labor intensive Yes No No No

Highly specialized training 

required
Yes No No Yes

Simultaneous visualization 

of cell morphology
No Yes No No

Widely used outside of 

specialized centers
No Yes No No

Non-solid specimen No No Yes Yes

Speed, Accessibility No No Yes No

Facility, Cost * ** ** *****

Diagnostics in ALK-positive NSCLC 



Oncotarget 2016;7(1):1066-75

• Longitudinal monitoring of Crizotinib response using Liquid biopsy

Liquid Biopsy : Repeatability, Monitoring  



Cancer Cell 2015;28(5):552-4

Blood-based Liquid Biopsy 



• In contrast to EGFR, retrospective data suggests that qPCR probably is not effective enough for 

the detection of ALK rearrangements in ctDNA — efficacy in platelet-derived or CTCs derived RNA

may be more promising but on a research level with a prospective cohort validation is still missing. 

• While ddPCR has been shown to be far more effective at detecting ALK rearrangements in ctDNA

compared to reverse transcriptase PCR, a prospective validation study is still missing. 

• Conversely, NGS reached acceptable levels of sensitivity combined with optimal specificity in 

prospective cohorts—even though ALK rearrangement-specific data are not available.

J Thorac Oncol 2018;13(9):1248-68



Which source of liquid biopsy ? Which platform for detection ? 

• CTC : not routine practice, required standardization in detection technique 

• cfDNA : required extensively deep sequencing of genomic DNA for detection of 
the chromosomal break-point 

• EVs : required standardization in isolation and analysis 

• ddPCR, BEAMing, NGS : promising, but still barriers for use in daily practice 

Limitations in Application of Blood-based Liquid 
Biopsy in ALK-positive NSCLC



Cancer Cell 2015;28(5):666-76

RNA analysis of Tumor-Educated Platelets (TEPs)  



Oncotarget 2016;7(1):1066-75

Detection of EML4-ALK using Platelets 



Objectives 

• To  investigate the feasibility of blood-based liquid biopsy using plasma and 
platelets for detection of ALK rearrangement. 

: FISH vs RT-PCR with commercial tissue-based kits 

• To  evaluate the clinical/molecular characteristics of patients according to ALK 
positivity of liquid biopsy.

• To evaluate the predictive value of blood-based liquid biopsy for ALK inhibitor 
treatment. 



Stage III/IV 
ALK+ NSCLC

confirmed 
by FISH

Serial blood 
sampling

until 
progression

Rebiopsy if 
possible

Next Gen 
ALK TKI

At Dx or 1st ALK-TKI During Treatment aProgression 2nd ALK-TKI

Archival FFPE
Blood (Plasma,Plt)

Sampling on visits
1M-1M-2M-3M….

aaccording to RECIST v1.1 or investigator`s assessment

RT-PCR RT-PCR

Study Design 

Tumor tissue
Blood (Plasma,Plt)

NGS, RT-PCR

Sampling on visits
1M-1M-2M-3M….

RT-PCR



ALK-FISH assay (n=1,128)

2015 : 164 (Positive 50, Negative 114)

2016 : 300 (Positive 52, Negative 243, Invalid 5)

2017 : 440 (Positive 70, Negative 368, Invalid 2)

until Jun 2018 : 224 (Positive 27, Negative 195, Invalid 2) 

ALK-FISH Positive (n=199)  ALK-FISH Negative (n=920)  

Tissue unavailable or 

Refusal of blood sampling 

(n=166)  

Tissue unavailable or 

Refusal of blood sampling 

(n=892)  

ALK-FISH Positive (n=33)  ALK-FISH Negative (n=28)  

[RNA extraction]

FFPE (n=28)

Plasma (n=33)

Platelet (n=33)

[RNA extraction]

FFPE (n=25)

Plasma (n=28)

Platelet (n=28)

Inadequate tissue (n=5) Inadequate tissue (n=3)  

Patients 

Park CK et al. [In submission]



Methods – Sample collection  

• FFPE sections from tumor tissues & cell blocks from cytology specimens 

(provided by Biobank of Chonnam National University Hwasun Hospital, a member 

of Korea Biobank Network)  

• Blood sampling & Plasma/Platelets isolation
– 10ml EDTA, Centrifugation within 2h from sampling  

– Frozen in parallel at -80℃ for further use (preserved at Biobank of Chonnam National University 
Hwasun Hospital) : + RNAlater solution 

– Referral to central lab or In-house

PPP : platelet-poor plasma 
PRP : platelet-rich plasma

Park CK et al. [In submission]



Methods – FISH for FFPE 



Methods – Preparation & Analysis

• RNA extraction & cDNA synthesis, RT-PCR (qPCR) assay 

Park CK et al. [In submission]



FFPE Plasma Platelet

Positive

(Ct <40)

Negative

Methods – qPCR

Park CK et al. [In submission]



Results – Baseline characteristics (1) 

Characteristics, n (%) Total (n = 61) 
FISH-positive 

(n = 33) 

FISH-negative 

(n = 28) 
p 

Age, years, mean (SD) 63.7 (10.7) 61.3 (10.9) 66.5 (9.8) 0.076 

Sex       0.178 

Male  34 (55.7) 21 (63.6) 13 (46.4)  

Female   27 (44.3) 12 (36.4) 15 (53.6)  

Smoking       0.873 

  Ever-smoker 29 (47.5) 16 (48.5) 13 (46.4)  

  Never-smoker 32 (52.5) 17 (51.5) 15 (53.6)  

Histology       0.416 

  ADC 59 (96.7) 31 (93.9) 28 (100.0)  

  SQC 1 (1.6) 1 (3.0) 0 (0.0)  

  ADSQC 1 (1.6) 1 (3.0) 0 (0.0)  

Differentiation       0.358 

  Well  9 (14.8) 3 (9.1) 6 (21.4)  

  Moderate  13 (21.3) 9 (27.3) 4 (14.3)  

  Poor  26 (42.6) 15 (45.5) 11 (39.3)  

  Not evaluable  13 (21.3) 6 (18.2) 7 (25.0)  

EGFR mutation-positive   7 (11.4)  4 (12.1)  3 (10.7) 0.221 

Stage at diagnosis       0.752 

  IIIA/IIIB  3 (4.9) / 2 (3.3) 1 (3.0) / 1 (3.0) 2 (7.1) / 1 (3.6)  

  IV 56 (91.8) 31 (93.9) 25 (89.3)  

   Intrathoracic    23 (41.1)    11 (35.5)    12 (48.0) 0.605 

   Extrathoracic (single)     13 (23.2)    9 (29.0)    4 (16.0) 0.217 

   Extrathoracic 

(multiple) 
   20 (35.7)    11 (35.5)    9 (36.0) 0.921 

Park CK et al. [In submission]



Results – Baseline characteristics (2) 

Characteristics, n (%) Total (n = 61) 
FISH-positive 

(n = 33) 

FISH-negative 

(n = 28) 
p 

Brain metastasis 19 (31.1) 13 (39.4) 6 (21.4) 0.131 

Brain RT 12 (19.7) 10 (30.3) 2 (7.1) 0.023 

Chemotherapy ---------

Pemetrexed  
36 (59.0) 22 (66.7) 14 (50.0) 0.187 

  Line, median (range)   1 (1–3) 1 (1–3) 1 (1–1)  0.267 

Duration, months, 

median (range) 
3.5 (0.0–42.7) 3.9 (0.0–42.7) 3.5 (0.0–13.4) 0.141 

PFS, months, median 

(95% CI) 
3.9 (3.1–4.8) 3.9 (3.3–4.6) 1.5 (0.0–5.5) 0.182 

  Overall response rate 9/36 (25.0) 4 (18.2) 5 (35.7) 0.267 

  Disease control rate 26/36 (72.2) 18 (81.8) 8 (57.1) 0.140 

Park CK et al. [In submission]



aplasma or platelet, bplasma and platelet

Results – Detection of EML4-ALK using RT-PCR
RT-PCR, n (%) FISH-positive (n = 33) FISH-negative (n = 28) 

FFPE   

  Positive  18 (54.5) 3 (10.7) 

  Negative  10 (30.3) 22 (78.6) 

  Inadequate  5 (15.2) 3 (10.7) 

  Accuracy 40/53 (75.5) 

Plasma    

  Positive  21 (63.6) 1 (3.6) 

  Negative  12 (36.4) 27 (96.4) 

  Accuracy 48/61 (78.7) 

Platelet   

  Positive  23 (69.7) 2 (7.1) 

  Negative  10 (30.3) 26 (92.9) 

  Accuracy 49/61 (80.3) 

Liquid biopsy   

  Positivea  26 (78.8) 3 (10.7) 

  Negativeb  7 (21.2) 25 (89.3) 

  Accuracy 51/61 (83.6) 

 
Park CK et al. [In submission]



Results – Molecular/Clinical characteristics (1)
Characteristics,  

n (%) 

Total 

(N = 33) 

Plasma Platelet 

+ (N = 21) - (N = 12) p + (N = 23) - (N = 10) p 

FISH-positive proportion, %, median (range)  15.0  

(15.0–80.0) 

20.0  

(15.0–70.0) 

15.0  

(15.0–80.0) 
0.082 

20.0  

(15.0–80.0) 

15.0  

(15.0–35.0) 
0.084 

Total RNA, ng/μL, mean (SD)        

  FFPE/plasma/platelets  93.45 (124.10) / 2.26 (0.63) / 2.71 (1.08) 

  Liquid   2.34 (0.61) 2.04 (0.66) 0.252 2.74 (1.21) 2.55 (1.10) 0.784 

Time point at sampling        

  Before initiation of systemic treatment  3 (9.1) 0 (0.0) 3 (25.0) 0.040 0 (0.0) 3 (30.0) 0.022 

  After initiation of systemic treatment  30 (90.9) 21 (100.0) 9 (75.0) - 23 (100.0) 7 (70.0) - 

    After CTx and before ALK TKI 13 (43.3) 9 (42.9) 4 (44.4) 0.936 12 (52.2) 1 (14.3) 0.077 

    After ALK TKI  17 (56.7) 12 (57.1) 5 (55.6) - 11 (47.8) 6 (85.7) - 

Interval from diagnosis to sampling, months, median 

(range) 

11.7  

(5.9–21.7) 

11.7  

(3.7–120.0) 

10.8  

(0.0–73.5) 
0.681 

11.7  

(1.6–120.0) 

9.8  

(0.0–57.8) 
0.411 

< 6 months, n (%) 8 (24.2) 3 (14.3) 5 (41.7) 0.106 3 (13.0) 5 (50.0) 0.036 

≥ 6 months, n (%) 25 (75.8) 18 (85.7) 7 (58.3) - 20 (87.0) 5 (50.0) - 

Treatment before crizotinib 30 (90.9) 21 (100.0) 9 (75.0) 0.040 23 (100.0) 7 (70.0) 0.022 

  Operation  6 (18.2) 4 (19.0) 2 (16.7) 1.000 5 (21.7) 1 (10.0) 0.640 

  RT 4 (12.1) 1 (4.8) 3 (25.0) 0.125 3 (13.0) 1 (10.0) 1.000 

  Chemotherapy  24 (72.7) 19 (90.5) 5 (41.7) 0.005 18 (78.3) 6 (60.0) 0.400 

  EGFR TKI 5 (15.2) 4 (19.0) 1 (8.3) 0.630 5 (21.7) 0 (0.0) 0.291 

  Prior Tx except operation 29 (87.9) 21 (100.0) 8 (66.7) 0.012 23 (100.0) 6 (60.0) 0.005 

Treatment after crizotinib 16 (48.5) 10 (47.6) 6 (50.0) 0.476 11 (47.8) 5 (50.0) 0.107 

  Chemotherapy  8 (24.2) 5 (23.8) 3 (25.0)  4 (17.4) 4 (40.0)  

  ALK TKI 11 (33.3) 8 (38.1) 3 (25.0)  9 (39.1) 2 (20.0)  

  EGFR TKI 2 (6.1) 2 (9.5) 0 (0.0)  2 (8.7) 0 (0.0)  

  ICI 3 (9.1) 3 (14.3) 0 (0.0)  2 (8.7) 1 (10.0)  

  BSC 1 (3.0) 0 (0.0) 1 (8.3)  0 (0.0) 1 (10.0)  

Park CK et al. [In submission]



Results – Molecular/Clinical characteristics (2)
Characteristics,  

n (%) 

Total 

(N = 33) 

Plasma Platelet 

+ (N = 21) - (N = 12) p + (N = 23) - (N = 10) p 

ALK TKI – Crizotinib 26 (78.8) 16 (76.2) 10 (83.3) 1.000 17 (73.9) 9 (90.0) 0.397 

Line, median (range)  2 (1–6) 2 (1-6) 2 (1–3) 0.066 2 (1–6) 2 (1–3) 0.924 

Duration, months, median (range) 5.6 (0.3–39.6) 5.3 (0.3–39.6) 4.0 (0.6–39.5) 1.000 7.2 (0.7–39.6) 1.5 (0.3–39.5) 0.090 

PFS, months, median (95% CI) 5.2 (2.5–8.0) 5.4 (2.8–8.0) 4.0 (0.0–10.0) 0.713 5.7 (0.0–16.7) 1.7 (0.5–3.0) 0.028 

  Best response         

    PR 13 (50.0) 9 (56.3) 4 (40.0)  12 (70.6) 1 (11.1)  

    SD 6 (23.1) 3 (18.8) 3 (30.0)  3 (17.6) 3 (33.3)  

    PD 6 (23.1) 4 (25.0) 2 (20.0)  2 (8.7) 4 (44.4)  

    NE  1 (3.8)  0 (0.0) 1 (10.0)    0 (0.0) 1 (11.1)   

  Overall response rate 13/26 (50.0) 9/16 (56.3) 4/10 (40.0) 0.420 12/17 (70.6) 1/9 (11.1) 0.011 

  Disease control rate 19/26 (73.1) 12/16 (75.0) 7/10 (70.0) 1.000 15/17 (88.2) 4/9 (44.4) 0.028 

 

Park CK et al. [In submission]



Serial monitoring during ALK inhibitor treatment 
(Case #1-3) 

• Serial blood sample collection : n=12 (ALK-TKI Tx : n=26) 

– 4 patients : initially positive 

– 5 patients : positive conversion 

– 3 patients : continuously negative 

Park CK et al. [In submission]



Case #1 : 52/F, ADC, RUL, IVB (M1c : Rt.pleura, both adrenal, brain) 

Park CK et al. [In submission]



Case #1 : 52/F, ADC, RUL, IVB (M1c : Rt.pleura, both adrenal, brain) 

2018-11-05 2018-11-30

Lorlatinib

2019-01-18



Case #2 : 67/F, ADC, LUL, IVA (M1a : lung to lung) 

Park CK et al. [In submission]



Case #3 : 78/F, ADC, LUL, IIIB  IVB (M1c : brain, multiple) 

Park CK et al. [In submission]



Case #3 : 78/F, ADC, LUL, IIIB  IVB (M1c : brain, multiple) 

2018-07-18 2018-10-22 2018-12-19



Conclusions 

• Plasma and platelets are a valuable and complementary sources for liquid biopsy in 
detection of ALK rearrangement, and showed favorable sensitivity despite using 
tissue-based RT-PCR kit. 

• Plasma and platelets could play a supplementary role in diagnosis of ALK-positive 
NSCLC, particularly during the later period after diagnosis. 

• Platelets may be useful for predicting the treatment outcome of ALK inhibitors. 



Limitations

• Prospective collection only for some samples 
– Not sufficient samples at diagnosis (before systemic treatment) 

– Prospective validation for initial screening is warranted 

• Total RNA amount : Plasma/Platelets << FFPE tissue 
– Variations in tumor characteristics (i.e., shedding vs non-shedding) or patient factors

– Needs for more sensitive platforms for liquid biopsy (e.g., ddPCR, NGS)

• Quantification of the result of RT-PCR 

• Genotyping for EML4-ALK fusion variants 
– High rates of invalid results (plasma, 46.8%; platelets, 53.4%) 



• Selection of 1L ALK inhibitor : Crizotinib or Alectinib or Ceretinib

- Overall / CNS efficacy 

- ALK variants

- Acquired resistance mutation : Rebiopsy (Tissue, Liquid) 

• Subsequent treatment 

- Crizotinib, Alectinib, Ceretinib, Brigatinib, Lorlatinib, Entrectinib, Ensartinib

Future Perspectives 
: 1L NG ALK-TKIs & Resistance mutation



Cancer Discov 2017;7(2):137-55

On-Target Off-Target 

Acquired Resistance to ALK inhibitors



Cancer Discov 2018;8(6):714-729



Cancer Discov 2018;8(6):714-729



Clin Cancer Res 2018;24(12):2758-2770



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



Adapted from Jürgen Wolf in ESMO 2017 

TBP : treatment beyond progression  

(34m)



Cancer Discov 2017;7(2):137-55





Progression after 1L NG ALK-TKI 2L Treatment

Progression

from 

NG ALK TKI

Rebiopsy

(Tumor, 
ctDNA)

Bx-oriented 
Treatment

ALK TKI (ALK 
m+)

Bx-oriented 
Treatment

Cytotoxic 
CTx (ALK m-)

OR

R

Sequential 
Treatment

NG ALK TKI

Adapted from WCLC 2017

Future Perspectives
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