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Acquired resistance is the most common mechanism resulting in 

disease progression for patients with advanced ALK+ NSCLC

ALK = anaplastic lymphoma kinase; BAD = BCL2 associated agonist of cell death; EGFR = epidermal growth factor receptor
EML4 =  echinoderm microtubule-associated protein-like 4; ERK = extracellular receptor kinase; IGF-1R = insulin growth factor 
1 receptor; IRS-1 = insulin receptor substrate 1; MAPKK = mitogen-activated protein kinase ; mTOR = rapamycin
NSCLC = non-small cell lung cancer; P = phosphate; PI3K = phosphatidylinositol-3; PKB = protein kinase B
STAT3 = signal transducer and activator of transcription 3; TKI = tyrosine kinase inhibitor 
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Acquired resistance to an ALK TKI can be mediated through ALK-dependent or ALK-independent mechanisms
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ALK TKI Resistance



ALK Dependent Resistance 



Does prior treatment impact the type of resistance? 

Resistance mechanisms after prior Crizotinib

acquired secondary mutation within the ALK tyrosine kinase domain. 
most common resistance mutation is the gatekeeper L1196M mutation, followed closely by the 

G1269A mutation- deep binding pocket of ATP.

Other mutations occur at residues 1151, 1152, 1156, 1174, 1202, 1203, and 1206.

 The G1202R confers resistance to crizotinib & 2nd gen ALK inhibitors.

Amplification of the ALK fusion gene

Alternative signaling (bypass) pathways





Resistance Mechanisms on 1st and 2nd Generation ALK TKIs-



Resistance Mechanisms after 2nd gen TKI
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Fig A: comparison of the frequency and distribution of 
ALK resistance mutations in biopsy specimens 
obtained after disease progression on crizotinib (blue) 
or second-generation ALK inhibitors (red). 

Fig B: breakdown of specific ALK 
resistance mutations in ALK-positive 
patients progressing on crizotinib, 
ceritinib, alectinib, or brigatinib. 



ALK resistance mutations were present in 56% of ALK-positive patients progressing 

on second-generation ALK inhibitors (ceritinib, 54%; alectinib, 53%; and brigatinib, 

71%).

ALK resistance mutations were observed in only 20% of ALK-positive patients 

progressing on crizotinib, 

Treatment with more potent second-generation ALK inhibitors was associated with a 

significantly higher frequency of ALK resistance mutations (P = 0.0002) and a 

different spectrum of such mutations.

ALK G1202R emerged as the most common ALK resistance mutation among 

patients receiving second-generation ALK inhibitors
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Second generation ALKi have increased activity,

The larger molecular volume of their compounds, which is heavily dependent on the direct 

binding to the solvent front region such as G1202 in order to increase its activity

“inducing” resistance mutations within this region. 
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Summary of genetic alterations in resistant biopsies among patients 
progressing on ceritinib or alectinib. 
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Lorlatinib potently inhibits ALK resistance

mutations, including ALKG1202R.

Absolute IC50 values of crizotinib, ceritinib,

alectinib, brigatinib, and lorlatinib on cellular

ALK phosphorylation in Ba/F3 cells harboring

wild-type EML4–ALK variant 1 or various

EML4–ALK resistance mutants are depicted.

In Ba/F3 cells, ALK F1174C and ALKI1171T appear

sensitive to ceritinib and alectinib,

respectively; however, these mutations may

not be susceptible to these agents in vivo

based upon prior clinical reports. ND, not

done.
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Double /Complex 

Mutations



Compound ALK Mutations as Resistance mechanism

Takashi, Ken et al 



Complex Mutations

Sequential ALKi treatment, the cancer cells accumulate new mutations 

in addition to the previously acquired mutations, making treatment 

more complex. 1

Not all complex mutations increase the difficulty of treatment 

Some compound mutations that lead to lorlatinib resistance led to re-

sensitization of the first or second generation ALKi . 2

1- Pan Y, et al. Front. Oncol. 11:713530.Okada K, et al.
2- EBioMedicine (2019) 41:105–19. 



A patient receiving sequential treatment for ALK-positive NSCLC was resistant to crizotinib
due to the mutation C1156Y in the ALK kinase region. 1

Sequencing revealed the mutation ALK L1198F in addition to C1156Y. 1

The L1198F mutation developed resistance to lorlatinib through spatial interference with 
drug binding. 1

The L1198F mutation enhanced its binding to crizotinib, making it sensitive to the C1156Y 
mutation. The patient was treated again with crizotinib. 1

Multiple studies - L1198F mutation leads to conformational changes in the inhibitor site as 
well as changes in the binding affinity of ALK to crizotinib and lorlatinib 2.
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1-Shaw A.T. et al. N Engl J Med (2016) 374(1):54–61.
2- Li J, et al. Int J Mol Sci (2017) 18(3):482. 



Molecular Mechanisms of Resistance to First- and Second-Generation ALK Inhibitors in ALK-
Rearranged Lung Cancer 
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Epithelial to 

Mesenchymal 

Transformation
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EMT is associated with ceritinib resistance



• Epithelial-to-mesenchymal transition (EMT) is a morphological 

change in which epithelial cells lose their polarity and intercellular 

connections becoming more mobile and invasive. 

• Through EMT, tumor cells acquire mesenchymal morphology and 

the ability to migrate and invade. 

• There are four pathways associated with EMT: proteoglycan in 

cancer, HIF-1 signaling, FoxO signaling, and extracellular matrix 

receptor interactions, related to the drug resistance mechanisms 

of crizotinib.

• ALK mutants L1196M and EMT were simultaneously detected 



Lorlatinib Resistance



Lorlatinib

Lorlatinib is a reversible third-generation ALK and ROS1 inhibitor that can overcome multiple ALK 
resistance mutations.
Lorlatinib has strong activity for common mutations such as L1196M and G1269A. 
The G1202R mutation is particularly important as it is the primary resistance mechanism to ceritinib, 
alectinib, and brigatinib, 
Only lorlatinib can inhibit the ALK G1202R mutation.
The whole exome sequencing of compound ALK mutations occurring in several lorlatinib-resistant patients 
confirms the stepwise accumulation of ALK mutations during sequential treatment. 
Several of these ALK kinase compound mutations that have been described include the L1196M/D1203N, 
F1174L/ G1202R, and C1156Y/G1269A mutations



Role of CGP in treatment of ALK rearranged NSCLC after failure of 2nd/3rd

Gen ALK TKI



Tissue biopsy post relapse on 2nd Generation ALK TKI-





ALK Treatment Algorithm- Sequencing

• Need to look at 
2nd/3rd Line data of 
Lorlatinib through 
resistance 
mechanism lens



Tissue Biopsy on ALK TKI Progression-



There are now multiple treatment sequence options for patients

with advanced ALK+ NSCLC

*Adapted and updated from Ferrara et al, 2018.11 For illustration purposes only. Median PFS for ALK TKIs that are currently approved in the 1L or ≥2L setting 
are shown; †Median PFS by IRC; ‡Median PFS by INV; §Median PFS by BIRC; ¶Data from the EXP4 + EXP5 group (two or three prior ALK TKIs ± CT) 
‖Lorlatinib PFS data following ceritinib or alectinib in any line; **EMA-approved only (the IMpower150 regimen is not FDA-approved for use in pretreated, advanced ALK+ NSCLC). 
1L = first line; 2L = second line; ALK = anaplastic lymphoma kinase BIRC = blinded independent review committee; CT = chemotherapy
EMA = European Medicines Agency; FDA = Food and Drug Administration; INV = investigator IRC = independent review committee
NSCLC = non-small cell lung cancer; PFS = progression-free survival; TKI = tyrosine kinase inhibitor
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3. Shaw, et al. Lancet Oncol 2017; 4. Besse, et al. ASCO 2018

5. Wolf, et al. WCLC 2019; 6. Huber, et al. J Thorac Oncol 2020
7. Soria, et al. Lancet 2017; 8. Camidge, et al. J Clin Oncol 2020

9. Socinski, et al. ASCO 2018; 10. Atezolizumab SmPC
11. Ferrara, et al. J Thorac Oncol 2018

Treating patients in the 1L setting with approved ALK TKIs such as crizotinib or ceritinib

increases the risk that patients will progress sooner than if treated with 1L alectinib

Median PFS (months)*

16.6
Lorlatinib

(Phase I / II)4 7.3‖Ceritinib

(ASCEND-4)7§

Alectinib

(ALEX)2‡ 34.8 5.5‖
Lorlatinib

(Phase I / II)4

Brigatinib

(ALTA)6† 16.7
Crizotinib

(PROFILE 10141† or ALEX2‡)
10.9

Lorlatinib

(Phase I / II)4 6.9¶

Alectinib 

(ALUR)5‡ 10.9
Crizotinib

(PROFILE 10141† or ALEX2‡)
10.9

Lorlatinib

(Phase I / II)4 6.9¶

Ceritinib

(ASCEND-5)3§ 5.4
Crizotinib

(PROFILE 10141† or ALEX2‡)
10.9

Lorlatinib

(Phase I / II)4 6.9¶

Brigatinib

(ALTA-1L)8‡ 29.4

Cross-trial comparisons should be 

interpreted with caution due to 

differences in study design, size, 

patient population and data maturity

Approved 

later-line (≥2L) 

therapies 

IMpower150

regimen9,10**

Chemotherapy 



Thank You!
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