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On-Target Resistance to 2nd-Generation ALK TKI(s)

Different ALK TKIs unique spectrum of activity 
against ALK mutations in preclinical models2

Adapted from Gainor JF, et al. Cancer Discov. 2016;6:1118–1133.

IC50 ≤50 nM IC50 >50–<200 nM IC50 ≥200 nM

Cellular ALK Phosphorylation Mean IC50 (nM)

Mutation Status Crizotinib Ceritinib Alectinib Brigatinib Lorlatinib

Parental BA/F3 763.9 885.7 890.1 2774.0 11293.8

V1 38.6 4.9 11.4 10.7 2.3

C1156Y 61.9 5.3 11.6 4.5 4.6

I1171N 130.1 8.2 397.7 26.1 49.0

I1171S 94.1 3.8 177.0 17.8 30.4

I1171T 51.4 1.7 33.6 6.1 11.5

F1174C 115.0 38.0 27.0 18.0 8.0

L1196M 339.0 9.3 117.6 26.5 34.0

L1198F 0.4 196.2 42.3 13.9 14.8

G1202R 381.6 124.4 706.6 129.5 49.9

G1202del 58.4 50.1 58.8 95.8 5.2

D1203N 116.3 35.3 27.9 34.6 11.1

E1210K 42.8 5.8 31.6 24.0 1.7

G1269A 117.0 0.4 25.0 ND 10.0

ALK mutations in plasma or tumor biopsies from 
patients after 1 or more prior 2G ALK TKI(s)1

Most common ALK resistance mutations: G1202R/del 
(detected in 53% and 55% of cfDNA and tumor tissue with an 

ALK mutation, respectively), I1171X, V1180L

2Gainor JF, et al. Cancer Discov. 2016;6:1118–11331Shaw AT et al., J Clin Oncol 2019;37(16):1370-9

Jessica J. Lin, M.D. @JessicaJLinMD, Mass General Cancer Center
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Efficacy in patients who progressed on alectinib or ceritinib 
(n=103): Global phase II ALTA-2 trial1

Brigatinib After 2G ALK TKI (e.g. Alectinib)

ORR per IRC = 26.2% [95% CI: 18.0-35.8]
ORR in 86 pts post-alectinib = 29.1% [95% CI: 19.8-39.9]

ORR in 14 pts with baseline ALK G1202R (plasma) = 14.3% [mPFS: 1.8 months]
icORR among 55 pts with baseline brain mets = 15% [95% CI: 6.5-26.7]

Median PFS per IRC = 3.8 months 
[95% CI: 3.5-5.8]

Efficacy in patients who progressed on alectinib 
(n=47): Japanese phase II J-ALTA trial2

Median PFS per IRC = 7.3 months 
[95% CI: 3.7-9.3]

ORR per IRC = 34% [95% CI: 21-49]
Pts with ALK G1202R: 1/3 with confirmed response 

ORR among 11 pts with non-G1202R ALK mutation: 55%
icORR among 8 pts with brain mets = 25% [95% CI: 3-65]

1Ou SI et al., J Thorac Oncol 2022;17(12):1404-14 2Nishio M et al., J Thorac Oncol 2021;16(3):452-63

Jessica J. Lin, M.D. @JessicaJLinMD, Mass General Cancer Center
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Lorlatinib After 2G ALK TKI(s)

EXP3B: Prior Non-Crizotinib ALK TKI ± Chemotherapy1 EXP4-5: 2-3 Prior ALK TKIs ± Chemotherapy1

EXP3B (n=28)
ORR, n/N (%) (95% CI) 9/28 (32) (16, 52)

IC ORR, n/N (%) (95% CI) 5/9 (56) (21, 86)
Median DOR, mo (95% CI) NR (4.1, NR)

Median PFS, mo (95% CI) 5.5 (2.9, 9.0)

EXP4+5 (n=111)
ORR, n/N (%) (95% CI) 43/111 (39) (30, 49)

IC ORR, n/N (%) (95% CI) 26/49 (53) (38, 68)
Median DOR, mo (95% CI) NR (5.5, NR)

Median PFS, mo (95% CI) 6.9 (5.4, 9.5)

1Solomon BJ, et al. Lancet Oncol 2018;19:1654-67; 2Shaw AT et al., J Clin Oncol 2019;37(16):1370-9

ORR in 29 pts with baseline ALK mutation in tissue = 69% [median PFS: 11.0 months]2
ORR in 28 pts with baseline ALK G1202R/del (tissue or plasma) = 57% [median PFS: 8.2 months]2

Jessica J. Lin, M.D. @JessicaJLinMD, Mass General Cancer Center
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Resistance to Lorlatinib Following Prior ALK TKI(s): Compound ALK Mutations

No mutation

Compound mutation
(29%)

Single mutation
(19%)

N=48

Compound mutation
Single mutation
No mutation

• ~30% with on-target resistance to lorlatinib
• No single predominant compound ALK mutation was identified; however…
• Among the 14 cases with ≥2 ALK mutations, 8 (57%) harbored ALK

G1202R and 3 (21%) had ALK I1171N reflecting sequential ALKi therapy
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C1156Y+L1198F 20 447 133 29 123

I1171N+L1198F 16 416 2638 83 511

I1171N+D1203N 708 124 1219 139 478

G1202R+L1196M 1095 188 1763 126 674

G1202R+S1206F 570 651 1655 558 856

G1202R+G1269A 573 81 1606 91 502

G1202R+S1206F+G1269A 885 345 2275 304 1785

Many compound ALK mutations are 
refractory to all available ALK TKIs1

1Shiba-Ishii A et al., Nat Cancer 2022;3:710-22; 2Okada K et al., EBioMedicine 2019;41:105-119; 3Mizuta H et al., Nat Commun 2021;12:1261
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A small subset of compound ALK mutations 
are sensitive to available ALK TKIs2,3

ALK mutations identified in lorlatinib-resistant 
tissue biopsies (with prior ALK TKI)1

Jessica J. Lin, M.D. @JessicaJLinMD, Mass General Cancer Center
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4G ALK TKI: Overcoming Lorlatinib-Resistant Compound ALK Mutations
NVL-655 (ALKOVE-1; NCT05384626)

EML4-ALK G1202R/L1196M fusion 
Ba/F3 xenograft model

EML4-ALK G1202R/L1196M fusion 
MGH953-7 PDX

Pelish HE et al., AACR 2021; Fujino T et al., EORTC-NCI-AACR 2022 

Coverage of lorlatinib-resistant ALK mutations in ALK+ cell lines

Jessica J. Lin, M.D. @JessicaJLinMD, Mass General Cancer Center
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Dagogo-Jack I et al. Clin Cancer Res 2020;26:2535-45

C1156Y/L1198F 

I1171N/D1203N 
I1171N/L1198F 

Lorlatinib 

G1202R 

G1202R/L1196M 
G1202R/G1269A 

I1171T/D1203N 

3 ALK muts 

G1269A 

I1171N 
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22% 

No  
ALK  

mutation 

L1196 
V1180 

I1171 

G1202R 
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Dagogo-Jack I et al. Clin Cancer Res 2020;26:2535-45

MET Amplification as an Off-Target Resistance Mechanism 
Following Next-Gen ALK TKI(s)

Jessica J. Lin, M.D. @JessicaJLinMD, Mass General Cancer Center
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Targeting MET amplification in ALK+ NSCLC with ALK/MET Co-Inhibition

Progression on 
lorlatinib

Response to 
lorlatinib + criz

Progression on 
alectinib + bev

Progression on lorlatinib 
(pleural fluid)

Progression on lorlatinib 
(axillary LN)

Dagogo-Jack I et al. Clin Cancer Res 2020;26:2535-45

MET amplification and fusion identified in tissue 
biopsies from a patient progressing on lorlatinib

Targeting MET-driven resistance to ALKi with 
dual ALK/MET blockade

Jessica J. Lin, M.D. @JessicaJLinMD, Mass General Cancer Center
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Combinations (Investigational): Overcoming Off-Target ALKi Resistance

1Cooper AJ, Sequist LV, Lin JJ. Nat Rev Clin Oncol 2022;19(8):499-514 
2Schneider JL, Lin JJ, Shaw AT. Nat Cancer 2023. In press

Summary of ongoing trials with combination therapy in ALK+ NSCLC2

Resistance: Bypass Pathways in 
ALK+ NSCLC1

Jessica J. Lin, M.D. @JessicaJLinMD, Mass General Cancer Center
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On-Target Resistance to 1L ROS1 Inhibitor (Crizotinib or Entrectinib)

ROS1 G2032R
33%

ROS1 D2033N
3%

ROS1 S1986F
2%

MET amp, MET 
L1195V

2%NF1 lof
5%

Unknown
55%

Resistance to crizotinib
(n=42)

L1951R, 
L2026M

Left: Lin JJ et al., Clin Cancer Res 2021;27:2899-909 Right: McCoach CE et al., Clin Cancer Res 2018;24:3334-47

Jessica J. Lin, M.D. @JessicaJLinMD, Mass General Cancer Center
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ROS1 TKIs with Activity in Crizotinib/TKI-Pretreated ROS1 Fusion+ NSCLC 
Demonstrated in Phase 2 Trials

Lorlatinib
(Phase 1/2)

Repotrectinib
(TRIDENT-1 Phase 1/2)

Taletrectinib
(TRUST Chinese Phase 2)

Patients N=40 N=56 N=38
ORR 35% 38% 

(1 prior ROS1 TKI, no chemo)
50%

Median PFS 8.5 months NR NR
CNS activity 12/24 (50%) patients with 

measurable or nonmeasurable 
intracranial disease

5/12 (42%) patients with baseline 
measurable CNS metastases

11/12 (92%) patients with baseline 
measurable CNS metastases (TKI-

naive and crizotinib-pretreated combined)

Clinical ROS1 
G2032R activity

Response in 0/6 (0%) patients with 
a baseline ROS1 G2032R in plasma

Responses in 10/17 (59%) patients 
with a baseline ROS1 G2032R

(1-2 prior ROS1 TKIs, +/- chemo)

Response in 4/5 (80%) patients with a 
baseline ROS1 G2032R

Most common 
treatment-related or 
treatment-emergent 

AEs (all grades)

Hypercholesterolemia, 
hypertriglyceridemia, edema, 

peripheral neuropathy, cognitive 
effects, weight increased, dizziness, 

mood effects, lipase increased

Dizziness, dysgeusia, constipation, 
paresthesia, dyspnea, anemia, 

fatigue, nausea, muscular weakness, 
ataxia

Diarrhea, nausea, vomiting, ALT 
increase, AST increase, anemia, 

neutrophil count decrease

Reference Shaw et al., Lancet Oncol 2019 Cho et al., AACR-NCI-EORTC 2022 Li W et al., ASCO 2022

Jessica J. Lin, M.D. @JessicaJLinMD, Mass General Cancer Center
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NVL-520: Brain-Penetrant, ROS1-Selective, TRK-Sparing TKI
Preliminary Efficacy and Safety from the Phase 1 ARROS-1 Trial 

Drilon A et al., EORTC-NCI-AACR 2022

Jessica J. Lin, M.D. @JessicaJLinMD, Mass General Cancer Center
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Off-Target Resistance to ROS1 Inhibitors

KIT D816G
CTNNB1 S45F
GNA11

MET amp/mut
RAS/MAPK pathway alterations

~50% with unknown 
mechanism of resistance

Left: Lin JJ et al., Clin Cancer Res 2021;27:2899-909 Right: McCoach CE et al., Clin Cancer Res 2018;24:3334-47

Jessica J. Lin, M.D. @JessicaJLinMD, Mass General Cancer Center
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Histologic Transformation and Lineage Change: A Shared Mechanism of 
Resistance Across Lung Cancer

Prior ALK TKI Reference

Crizotinib, ceritinib, brigatinib, 
lorlatinib

Coleman N et al., Lung Cancer 2019

Crizotinib Zhu Y et al., Onco Targets Ther 2017

Ceritinib, alectinib, lorlatinib Ou S et al., Lung Cancer 2017

Crizotinib, ceritinib Levacq D et al., Lung Cancer 2016

Crizotinib, alectinib Takegawa N et al., Ann Oncol 2016

Crizotinib Caumont C et al., Lung Cancer 2016

Crizotinib Cha YJ et al., J Thorac Oncol 2016

Crizotinib, alectinib Fujita S et al., J Thorac Oncol 2016

Crizotinib, alectinib Miyamoto S et al., Jpn J Clin Oncol 2016

Lin JJ et al., NPJ Precis Oncol 2020;4:21

Frequencies of small cell 
transformation in ALK/ROS1 fusion 
lung cancers appear low*:

1.2% (2/168) ALK+ lung cancer 
resistant to next-gen ALK TKI(s)

1.5% (1/65) ROS1 fusion+ lung cancer 
resistant to ROS1 TKI(s)

*Likely representing underestimates 
given the overall low prevalence of re-
biopsies following disease progression

Jessica J. Lin, M.D. @JessicaJLinMD, Mass General Cancer Center
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• ALK and ROS1 fusion-positive lung cancers represent disease subsets in which 
we have highly effective targeted therapies available

• Upon disease progression due to resistance to the first-line ALK or ROS1 
inhibitor, we often have the ability to sequence TKIs, using next-generation TKIs, 
which may have:
o Coverage of on-target resistance driver mutations
o Superior CNS penetration and activity

• Re-biopsies can be helpful in determining the mechanism of resistance (e.g., 
actionable on-target resistance mutation versus off-target mechanism) and 
refining the range of subsequent therapeutic options

Summary

Jessica J. Lin, M.D. @JessicaJLinMD, Mass General Cancer Center


