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TO TAKE AWAY
• Currently, Lorlatinib is the leading and most clinically effective agent for treating ALK+ NSCLC, particularly known for its

remarkable efficacy in managing CNS metastases.

• However, resistance to third-generation ALK TKIs can emerge through both on-target and off-target mechanisms.

• To counteract on-target resistance, fourth-generation TKIs are in development, offering significant promise in addressing
these challenges.

• Off-target resistance, which occurs more frequently, involves mechanisms such as the activation of bypass signaling
pathways or phenotypic transformation, which can complicate treatment further.

• In order to tackle resistance beyond thrid-generation TKIs, a variety of innovative approaches are being explored. These
include combination therapies, antibody-drug conjugates, …These advanced therapeutic approaches hold great potential
for improving treatment outcomes and overcoming resistance in ALK+ NSCLC.
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INTRODUCTION 
ALK+ disease occurs in ~5% of patients 

with advanced NSCLC

Chromosomal rearrangements lead to 
the produc=on of ALK fusion proteins. 
The most common fusion partner with 

ALK is EML4, resul=ng in the 
expression 

of EML4-ALK on proteins

ALK+ NSCLC patients frequently present 
with brain metastases at diagnosis; 

aproximately 50% of patients with brain 
metastases  at diagnosis have > 4 lesions

Brain metastases at present at 
diagnostis in approximately 15-35% 

ALK+ NSCLC patients

Costa et al JCO 2015: Johung, et al. J Clin Oncol 2015

Fig. 1 |. Oncogenic ALK signaling.
Left, wild-type ALK is a plasma membrane-bound RTK that undergoes autophosphorylation 
upon ligand binding and receptor oligomerization. ALK activates downstream signaling 
pathways that contribute to organ development and homeostasis. Right, a chromosomal 
translocation leads to formation of an ALK fusion gene and translation of an ALK 
chimeric oncoprotein that is composed of the C-terminal kinase domain of ALK joined with 
various N-terminal, non-kinase fusion partners. Constitutive activation of ALK promotes 
cell survival pathways and tumorigenesis. Although many ALK binding partners have 
been elucidated across all tumor types, the EML4–ALK fusion is the most common, of 
which EML4-ALK variant 1 (E13;A20) and variant 3 (E6;A20) are the most prevalent in 
lung cancer. FDA-approved ALK TKIs and their generation are depicted. PDK1, pyruvate 
dehydrogenase kinase 1; v, variant; 1G, first generation; 2G, second generation; 3G, third 
generation.
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INTRODUCTION  

Figure 1. Timeline of genomic discoveries and drug development in EGFR-mutant and ALK-
rearranged NSCLCs.
Key events, in a. ∣ EGFR-mutant non-small-cell lung cancers (NSCLC) and b. ∣ ALK-
rearranged NSCLC, including the discovery of the oncogenic drivers and gene alterations 
(orange), FDA approvals of tyrosine-kinase inhibitors for unselected patients (grey), 
approvals of therapies for biomarker-selected populations in the advanced-stage disease 
setting (blue), approvals for biomarker-selected populations in the adjuvant setting (green), 
and important ongoing trials (purple).
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Cooper AJ et alNat Rev Clin Oncol. 2022 Aug;19(8):499-514.

ALK-Driven Lung Cancer: A Breakthrough Target for Targeted Therapy
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Primary endpoint
• PFS (BICR, RECIST v1.1)

Secondary endpoints
• PFS (investigator-assessed), ORR, intracranial-ORR, 

intracranial-time to progression, OS, QoL, safety

R
1:1

Stratification
• Brain metastases (yes vs. no)
• Ethnicity (Asian vs. non-Asian)

Key patient inclusion criteria
• Stage III/IV NSCLC
• ALK-positive
• No prior systemic treatment for 

metastatic disease
• Asymptomatic CNS metastases 

allowed
• ECOG PS 0–2
(n=296)

Crizotinib 250 mg BID
(n=147)

Lorlatinib 100 mg/day 
(n=149)
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CROWN: Time to IC Progressiona by Investigator Assessment1 (ITT Population)

A limitation of this study is that this updated 5-year analysis, while providing substantial additional follow-up, was not prespecified. Therefore, the results provided are descriptive and exploratory in nature, and formal statistical 
comparisons between the treatment groups are not available.
aTime to CNS progression was defined as the time from randomization to the first objective progression of CNS disease (either new brain metastases or progression of existing brain metastases). The secondary endpoint of 
intracranial time to progression was not part of the statistical testing hierarchy.2 These results are presented for descriptive purposes only and should be interpreted within this context. 
Data cutoff: October 31, 2023. Median duration of treatment: lorlatinib, 57.0 months; crizotinib, 9.6 months.
CI, confidence interval; HR, hazard ratio; IC, intracranial; ITT, intention-to-treat; NR, not reached; PFS, progression-free survival.
1. Solomon BJ, et al. J Clin Oncol. 2024. doi:10.1200/JCO.24.00581; 2. Shaw AT, et al. N Engl J Med. 2020;383(21):2018–2029.
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MECHANISMS OF RESISTANCE 

Without a pathway-impacting selection pressure, pathway should not alter 

Acquired Resistance Mechanisms of Targeted Therapy
1. Secondary 

mutations

EGFR T790M, C797S

ALK G1202R, I1171

ROS1
KRASG12C

G2032R, G2032K

G12D/R/V/W, G13D

3. Histologic 
transformation

2. Bypass 
mechanisms

4. Drug-tolerant 
persister cells

TKIs
LUAD

SCLC

PSCLUSC

Prof. Caicun Zhou, Shanghai Pulmonary Hospital, China
3.

Persister cells

N Engl J Med. 2021;384(25):2382-2393; Nat Cancer. 2023;4(3):330-343;
Nat Cancer. 2021;2(4):377-391.
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Gerber DE et al. Am Soc Clin Oncol Educ Book. 2014:e353-65

Darwinian Evolution and the Mechanisms of Resistance in ALK-targeted Therapies



MECHANISMS OF RESISTANCE 
Resistance to Next Generation ALK TKIs

Ganior et al Cancer Discovery 2016 

• The most common ALK mutant to second generation ALK inhibitors is G1202R (21%-43%)
• EML4-ALK variant 3 is associated with high incidence of G1202R resistance 

21%
29%

43%

The most common ALK mutant to 
second generation ALK inhibitors is 
G1202R (21%-43%)

EML4-ALK variant 3 is associated 
with high incidence of G1202R 
resistance

A minority of ALK-positive patients 
(~20%) developed ALK resistance 
mutations on crizotinib. By contrast, 
ALK resistance mutations were 
present in over one-half of patients 
progressing on second-generation 
ALK inhibitors, likely reflecting the 
greater potency and selectivity of 
these agents compared to 
crizotinib.

Secondary Mutations: Unraveling Resistance to 1st and 2nd Generation ALK TKIs

Gainor JF et al Cancer Discov. 2016 Oct;6(10):1118-1133. 

We observed that the spectrum of ALK resistance mutations was different following 
progression on second-generation ALK inhibitors compared to crizotinib



MECHANISMS OF RESISTANCE 
Evolution of ALK mutation during Sequential Treatment 

of 2nd and 3rd generation ALK TKIs

• High incidence of compound mutations
with sequential use of 2nd and 3rd G TKIs

Dgogo-Jack CCR 2019 

Evolution of ALK mutation during Sequential Treatment 
of 2nd and 3rd generation ALK TKIs

• High incidence of compound mutations
with sequential use of 2nd and 3rd G TKIs

Dgogo-Jack CCR 2019 

Secondary Mutations: The Evolution of ALK Resistance During Sequential Treatment

High incidence of compound 
mutations with sequential use 
of 2nd and 3rd G TKIs

Compound ALK mutations accounts for ~ 30% in 
resistance to lorlatinib in the later-line setting

 Most of compound ALK mutations are refractory to all 
available ALK TKIs

As the initial ALK mutation provides the substrate for 
generating compound mutations

Increased Compound Mutant with Sequential Use of ALK TKIs

Shiba-Ishii A et al biorxiv 2021.doi:https://doi.org/10.1101/2021/07/16.452681

• Compound ALK mutations accounts for ~ 30% in resistance to lorlatinib in the later-line setting
• Most of compound ALK mutations are refractory to all available ALK TKIs 

Dagogo-Jack I et al. Clin Cancer Res. 2019 Nov 15;25(22):6662-6670. 



MECHANISMS OF RESISTANCE 
Early circulating tumor (ct) DNA dynamics and 
efficacy of lorlatinib: analysis from the CROWN

Soo ASCO 21

• Most patients had early decrease in ALK VAF, but was less 
sustained in crizotinib treated patients

• Presumably clonal resistance mechanism covered by 
lorlatinib?

Felip ESMO 22

Mechanisms of acquired resistance                Mechanisms of resistance en Crown trial  

Felip et al ESMO 2023

Figure 2. Mechanisms of acquired resistance to osimertinib and lorlatinib in EGFR-mutant and 
ALK-rearranged NSCLCs, respectively.
Mechanisms of resistance to these agents can be divided into several main categories, 
including: a ∣ alterations that prevent inhibition of the target receptor tyrosine kinase by 
the tyrosine kinase inhibitor (TKI); b ∣ Activation of bypass and/or downstream signalling 
pathways that promote cell survival and proliferation despite adequate TKI binding; and 
c ∣ Changes in tumour cell lineage, such as transformation from an adenocarcinoma to a 
squamous cell carcinoma or small-cell lung cancer phenotype and epithelial–mesenchymal 
transition (EMT). Specific selected examples of these mechanisms are also provided.

Cooper et al. Page 35

Nat Rev Clin Oncol. Author manuscript; available in PMC 2022 October 31.
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Figure 2. Mechanisms of acquired resistance to osimertinib and lorlatinib in EGFR-mutant and 
ALK-rearranged NSCLCs, respectively.
Mechanisms of resistance to these agents can be divided into several main categories, 
including: a ∣ alterations that prevent inhibition of the target receptor tyrosine kinase by 
the tyrosine kinase inhibitor (TKI); b ∣ Activation of bypass and/or downstream signalling 
pathways that promote cell survival and proliferation despite adequate TKI binding; and 
c ∣ Changes in tumour cell lineage, such as transformation from an adenocarcinoma to a 
squamous cell carcinoma or small-cell lung cancer phenotype and epithelial–mesenchymal 
transition (EMT). Specific selected examples of these mechanisms are also provided.
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Nat Rev Clin Oncol. Author manuscript; available in PMC 2022 October 31.
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Shifting Resistance Mechanisms: The Impact of Lorlatinib

Cooper AJ et alNat Rev Clin Oncol. 2022 Aug;19(8):499-514.

On target                            Off target
Secondary mutations Bypass  downstream pathways. Cell transformation
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Cooper et al. Page 38

Table 2.

Bypass resistance pathways in ALK-rearranged NSCLC

Bypass mechanism Prior ALK TKIa Prevalence Refs

MET amplifications Second-generation TKIs 12% in first or later lines 121

Lorlatinib 22% in later lines 121

MET rearrangements Alectinib or lorlatinib 3% in later lines 121

MET exon 14 mutations Alectinib Unknown, data limited to case reports 146

RET rearrangements Brigatinib Unknown, data limited to case reports 125

EGFR activation Crizotinib 44% in first line 151

EGFR mutations Crizotinib 9–14% in first line 152, 153

HER2 amplifications Crizotinib, alectinib Unknown, data limited to case reports 148, 149

KIT amplifications/activation Crizotinib 15% in first line 151

IGF1R activation Crizotinib 80% in first line 154

SHP2 signalling Ceritinib Preclinical data only 157

NF2 mutations Lorlatinib 20% in later lines 107

YES1 amplifications Crizotinib, ceritinib 11.8% in later lines 141

KRAS mutations Crizotinib 18% in first line 153

BRAFV600E mutations Alectinib Unknown, data limited to case reports 147

MAP2K1 mutations Ceritinib Unknown, data limited to case reports 150

DUSP6 loss Crizotinib 83% 166

PIK3CA mutations Lorlatinib or ceritinib Unknown, data limited to case reports 100,150

AXL overexpression Earlier-generation TKIs Preclinical data only 155,156

This table includes selected studies and is not meant to represent the entirety of clinical and preclinical work on bypass mechanisms in 
ALK-rearranged NSCLC.

aThe ALK TKI received immediately before biopsy sampling is reported here. NSCLC, non-small-cell lung cancer; TKI, tyrosine kinase inhibitor

Nat Rev Clin Oncol. Author manuscript; available in PMC 2022 October 31.

Fig. 2 |. Resistance in ALK+ lung cancer and therapeutic interventions.
Resistance to ALK TKIs occurs through three main mechanisms. Left, on-target resistance is 
mediated by mutations in the ALK tyrosine kinase domain, which disrupt TKI binding 
to ALK, rendering tumor cells insensitive to ALK inhibition. ALK residues involved 
in ALK TKI resistance are listed. Single ALK mutations are most common after first- 
or second-generation ALK TKIs, while compound mutations are most common after 
sequential use of early-generation inhibitors culminating with a third-generation inhibitor, 
lorlatinib. This stepwise accumulation of ALK mutations confers resistance to ALK 
TKIs, with fourth-generation (4G) ALK TKIs designed to target compound mutations 
that are refractory to current FDA-approved ALK inhibitors. Middle, off-target resistance 
is mediated by bypass signaling activation or lineage transformation. Bypass pathway 
activation can occur through genetic mechanisms (amplifications, activation mutations, 
structural alterations) and non-genetic mechanisms (receptor hyperactivation), resulting in 
activation of signaling pathways that bypass ALK dependency. Rational combinations of 
ALK plus bypass pathway inhibition are being evaluated and are depicted in gray boxes. 
Right, lineage transformation is another off-target resistance mechanism that can lead to 
ALK TKI insensitivity. Diagnostic biopsies to define histology are necessary to select 
histology-specific chemotherapy regimens in squamous cell- or small cell-transformed 
tumors. Studies are underway to determine whether histologic changes are reversible 
and whether epigenetic modifiers may resensitize tumor cells to ALK inhibition. GRB2, 
growth factor receptor-bound protein 2; PTEN, phosphatase and tensin homolog; Rheb, Ras 
homolog enriched in brain; SOS, son of sevenless; SHP2, SH2 containing protein tyrosine 
phosphatase-2; TSC, tuberous sclerosis proteins 1 and 2; WT, wild type.
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Bypass pathway
activation can occur through 

genetic mechanisms 
(amplifications, activation 

mutations, structural 
alterations) and non-genetic 

mechanisms (receptor 
hyperactivation), resulting in 

activation of signaling pathways 
that bypass ALK dependency

Schneider JL et al. Nat Cancer. 2023 Mar;4(3):330-343.Cooper AJ et alNat Rev Clin Oncol. 2022 Aug;19(8):499-514.
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Lineage Transforma=on: Unveiling the Power Behind Tumor Evolu=on and Resistance

Fig. 2 |. Resistance in ALK+ lung cancer and therapeutic interventions.
Resistance to ALK TKIs occurs through three main mechanisms. Left, on-target resistance is 
mediated by mutations in the ALK tyrosine kinase domain, which disrupt TKI binding 
to ALK, rendering tumor cells insensitive to ALK inhibition. ALK residues involved 
in ALK TKI resistance are listed. Single ALK mutations are most common after first- 
or second-generation ALK TKIs, while compound mutations are most common after 
sequential use of early-generation inhibitors culminating with a third-generation inhibitor, 
lorlatinib. This stepwise accumulation of ALK mutations confers resistance to ALK 
TKIs, with fourth-generation (4G) ALK TKIs designed to target compound mutations 
that are refractory to current FDA-approved ALK inhibitors. Middle, off-target resistance 
is mediated by bypass signaling activation or lineage transformation. Bypass pathway 
activation can occur through genetic mechanisms (amplifications, activation mutations, 
structural alterations) and non-genetic mechanisms (receptor hyperactivation), resulting in 
activation of signaling pathways that bypass ALK dependency. Rational combinations of 
ALK plus bypass pathway inhibition are being evaluated and are depicted in gray boxes. 
Right, lineage transformation is another off-target resistance mechanism that can lead to 
ALK TKI insensitivity. Diagnostic biopsies to define histology are necessary to select 
histology-specific chemotherapy regimens in squamous cell- or small cell-transformed 
tumors. Studies are underway to determine whether histologic changes are reversible 
and whether epigenetic modifiers may resensitize tumor cells to ALK inhibition. GRB2, 
growth factor receptor-bound protein 2; PTEN, phosphatase and tensin homolog; Rheb, Ras 
homolog enriched in brain; SOS, son of sevenless; SHP2, SH2 containing protein tyrosine 
phosphatase-2; TSC, tuberous sclerosis proteins 1 and 2; WT, wild type.
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Nat Cancer. Author manuscript; available in PMC 2024 March 01.

Author M
anuscript

Author M
anuscript

Author M
anuscript

Author M
anuscript

Transformation of a tumor to a different histologic subtype is associated with loss of reliance
on the oncogenic driver, leading to drug resistance

Although virtually all cases of newly diagnosed ALK+ NSCLC are adenocarcinoma, small cell 
lung cancer transformation has been identified in patients with ALK+ lung cancer after 
treatment with all generations of ALK TKIs, albeit at low frequency (<3% according to 
retrospective analysis)

Diagnostic biopsies to define histology are necessary to select histology-specific 
chemotherapy regimens in squamous cell- or small cell-transformed
tumors. 

Studies are underway to determine whether histologic changes are reversible
and whether epigenetic modifiers may resensitize tumor cells to ALK inhibition. GRB2,
growth factor receptor-bound protein

Given the rarity of transformed ALK+ lung cancers, randomized
prospective trials to inform treatment strategies following phenotypic changes are not
feasible

Schneider JL et al. Nat Cancer. 2023 Mar;4(3):330-343.



Unresolved Gaps in ALK+ NSCLC (1):
Various EML-ALK variants 

Zhang SS et al Lung Cancer 2021;158:126-136

• > 15 EML4-ALK variants have been identified and variant 1 and 3 being the most common (75-80%)
• Many trials demonstrated differential clinical outcomes between “short” and “long” variants
• ALK G1202R is more prone to develop EML4-ALK v3 following sequential use of next G ALK TKIs

MECHANISMS OF RESISTANCE 

15 EML4-ALK variants have been identified and variant 1 and 3 being the most common (75-80%)

Many trials demonstrated differential clinical outcomes between “short” and “long” variants

ALK G1202R is more prone to develop EML4-ALK v3 following sequential use of next G ALK TKIs

Zhang SS et al Lung Cancer 2021;158:126-136     Bearz A et al ASCO 2022

PFS based in ALK variant subtype in CROWN study

ALK Variants: Key Drivers of Resistance?
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Bearz A et al ASCO 2022

comutations: Key Drivers of Resistance?
Presence of TP53 mutations is poor prognostic factor for PFS and OS
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[which includes stereotactic radiosurgery (SRS) for brain 
lesions and stereotactic body radiation (SBRT) for lesions 
elsewhere] is most commonly used for oligoprogressive 
disease in lung cancer patients. Continuation of ALK TKIs 
while addition of SBRT may increase radiosensitivity of 
tumor cells providing rationale for combinatorial strategies 
(18,19). 

Multiple retrospective studies have established safety 

and efficacy of combining stereotactic radiation with ALK 
inhibitors. Gan et al. described 14 patients with extra-
cranial oligoprogression treated with radiation therapy 
and showed that local therapy in patients taking crizotinib 
allowed an extended duration of exposure to crizotinib  
(28 vs. 10.1 months), which was subsequently associated with 
longer overall survival (OS) (72% vs. 12%, P=0.0001) (20). 
Similarly, another study demonstrated that the median 

Table 1 The search strategy summary 

Items Specification

Date of search August 28, 2022

Databases and other sources searched MEDLINE (Ovid), Embase (Elsevier), and CENTRAL (Cochrane Library) databases and major 
international oncology meetings

Search terms used “Anaplastic Lymphoma Kinase”, “non-small cell lung cancer”, “NSCLC”, “ALK positive”, and 
“ALK resistance”

Timeframe 2010–2022

Inclusion and exclusion criteria Inclusion criteria: Human, English only studies, focusing on interventions to overcome ALK 
resistance

Selection process AD conducted selection, CML reviewed and provided inputs

ALK, anaplastic lymphoma kinase.

Figure 1 Strategies to overcome resistance to ALK inhibition. ALK, anaplastic lymphoma kinase; TKI, tyrosine kinase inhibitor; ADC, 
antibody drug conjugate; EMT, epithelial to mesenchymal transition; PROTACs, proteolysis-targeting chimeras.

Strategies to overcome resistance to ALK inhibition

Oligoprogression Systemic progression

Local therapy with continuation of TKI

Radiation Surgery

TKI

On-target resistance Off-target resistance
ADCs

Bypass mechanisms

EMT

MET EGFR IGF1 IGF1

Combination  
Targeted therapies

Chemotherapy

RAS

RAF

MEK

ERK

PI3K

AKT

mTOR

BAD

S6K

Tumor cell growth, survival and proliferation

ALK fusion 
protein

4th generation TKIs

PROTACs

Proteasome

Degraded ALK 
fusion protein

STRATEGIES TO OVERCOME RESISTANCE TO ALK INHIBITION

Desai A et al Transl Lung Cancer Res 2023;12(3):615-628 
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Data cut-off: 15 June 2024. Response-evaluable patients with NSCLC. All responses were confirmed.
NSCLC, non-small cell lung cancer; ORR, objective response rate; PD, progressive disease; PR, partial response; RECIST 1.1, Response Evaluation Criteria in 
Solid Tumours version 1.1; RP2D, Recommended Phase 2 dose (150 mg QD); SD, stable disease; TKI, tyrosine kinase inhibitor.
a Includes all patients with ≥1 identified ALK resistance mutation as per local or central testing of blood (ctDNA) or tissue. Responses observed in patients 

with ALK I1171N/S, V1180L, L1196Q, L1198F, D1203N, or E1210K mutations, including where multiple mutations co-occur, in addition to those with 
G1202R.

b Includes patients with G1202R single and compound (≥2) mutations. 
c Cis-allelic configuration has not been confirmed for all patients with compound (≥2) ALK resistance mutations. 
d ORR = 67% (20/30) for G1202R patients with prior lorlatinib, and ORR= 100% (2/2) for lorlatinib-naïve G1202R patients.
e Five response-evaluable patients (4 with no known ALK mutations and 1 with single ALK mutation) not shown due to incomplete or missing post-baseline 

tumor assessments in the setting of PD or symptomatic deterioration. 

RECIST 1.1 ORR, 
% (n/N)
All patients ± 
chemotherapy

NSCLC Response-Evaluable (Any Prior ALK TKI, range 1 – 5) Prior Lorlatinib (≥2 ALK TKIs) Lorlatinib-naive (≥1 2G ± 1G)

All Any ALK 
mutation a G1202R b All Any ALK 

mutation
Compound ALK 

mutation c All Any ALK 
mutation

All Doses 38% (39/103) 52% (30/58) 69% (22/32) d 35% (30/85) 47% (23/49) 54% (15/28) 53% (9/17) 88% (7/8)

RP2D 38% (15/39) 55% (12/22) 71% (10/14) 35% (11/31) 50% (8/16) 64% (7/11) 57% (4/7) 80% (4/5)

Lorlatinib-naïve:
≥ 2 prior ALK TKIs

1 prior, alectinib

Patient treated at RP2D

Lorlatinib Pre-treated:
≥ 3 prior ALK TKI

2 prior, 2G + lorlatinib

2 prior, 1G + lorlatinib

1 prior (lorlatinib only)

ALK single 
resistance 
mutation 
ALK compound 
(≥2) resistance 
mutation

KEY: PATIENT DETAILS

Prior Lorlatinib e Lorlatinib-naïve e

PD PD PD PD PD PD PD PD PD PD PD SD SD SD SD SD SD PD SD SD SD PD SD SD PD PD SD SD SD PD SD SD SD PD PD PD SD SD SD SD SD SD SD SD SD SD SD SD PR PR SD PR SD PR PR PR PR PR PR SD PR PR PR PR PR PR PR PR PR PR PR PR PR PR PR PR PR PR SD PR PR PR PD SD SD PD SD SD PR SD PR PR PR PR PR PR PR PR
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Data cut-off: 15 June 2024. Response-evaluable patients with NSCLC. All responses were confirmed.
NSCLC, non-small cell lung cancer; ORR, objective response rate; PD, progressive disease; PR, partial response; RECIST 1.1, Response Evaluation Criteria in 
Solid Tumours version 1.1; RP2D, Recommended Phase 2 dose (150 mg QD); SD, stable disease; TKI, tyrosine kinase inhibitor.
a Includes all patients with ≥1 identified ALK resistance mutation as per local or central testing of blood (ctDNA) or tissue. Responses observed in patients 

with ALK I1171N/S, V1180L, L1196Q, L1198F, D1203N, or E1210K mutations, including where multiple mutations co-occur, in addition to those with 
G1202R.

b Includes patients with G1202R single and compound (≥2) mutations. 
c Cis-allelic configuration has not been confirmed for all patients with compound (≥2) ALK resistance mutations. 
d ORR = 67% (20/30) for G1202R patients with prior lorlatinib, and ORR= 100% (2/2) for lorlatinib-naïve G1202R patients.
e Five response-evaluable patients (4 with no known ALK mutations and 1 with single ALK mutation) not shown due to incomplete or missing post-baseline 

tumor assessments in the setting of PD or symptomatic deterioration. 

RECIST 1.1 ORR, 
% (n/N)
All patients ± 
chemotherapy

NSCLC Response-Evaluable (Any Prior ALK TKI, range 1 – 5) Prior Lorlatinib (≥2 ALK TKIs) Lorlatinib-naive (≥1 2G ± 1G)

All Any ALK 
mutation a G1202R b All Any ALK 

mutation
Compound ALK 

mutation c All Any ALK 
mutation

All Doses 38% (39/103) 52% (30/58) 69% (22/32) d 35% (30/85) 47% (23/49) 54% (15/28) 53% (9/17) 88% (7/8)

RP2D 38% (15/39) 55% (12/22) 71% (10/14) 35% (11/31) 50% (8/16) 64% (7/11) 57% (4/7) 80% (4/5)

Lorlatinib-naïve:
≥ 2 prior ALK TKIs

1 prior, alectinib

Patient treated at RP2D

Lorlatinib Pre-treated:
≥ 3 prior ALK TKI

2 prior, 2G + lorlatinib

2 prior, 1G + lorlatinib

1 prior (lorlatinib only)

ALK single 
resistance 
mutation 
ALK compound 
(≥2) resistance 
mutation

KEY: PATIENT DETAILS
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STRATEGIES TO OVERCOME RESISTANCE TO ALK INHIBITION

Neladalkib (NVL-655): CNS Activity

IC-ORR (patients with measurable CNS lesions):

o Lorlatinib-naïve: 50% (1/2)

o Prior lorlatinib: 15% (2/13)

─ 31% (4/13) including 2 CNS uPRs not confirmed
due to discontinuation of treatment in absence
of CNS progression

• No CNS progression among confirmed CNS
responders, including in patients who previously
received the brain-penetrant TKI lorlatinib
(measurable or unmeasurable CNS lesions)

─ Treatment duration: 6.7 - 14.4+ months

Neladalkib (NVL-655): CNS Activity

Data cut-off: 15 June 2024. 
1G, 1st generation ALK TKI (i.e., crizotinib); 2G, 2nd generation ALK TKI (i.e., ceritinib, alectinib, or brigatinib); 
CNS, central nervous system; CR, complete response; IC-ORR, intracranial ORR for patients with measurable CNS lesions; PD, 
progressive disease; PR, partial response; SD, stable disease; uPR, unconfirmed partial response.
a Figure excludes one lorlatinib-pretreated patient with measurable CNS metastases at baseline who discontinued due to 

symptomatic deterioration without follow-up brain imaging. 
b Single-timepoint PR not confirmed due to discontinuation of treatment in absence of CNS PD.

• IC-ORR (patients with measurable CNS lesions):

o Lorlatinib-naïve: 50% (1/2)

o Prior lorlatinib: 15% (2/13) 

─ 31% (4/13) including 2 CNS uPRs not confirmed 
due to discontinuation of treatment in absence 
of CNS progression

• No CNS progression among confirmed CNS 
responders, including in patients who previously 
received the brain-penetrant TKI lorlatinib 
(measurable or unmeasurable CNS lesions)

─ Treatment duration: 6.7 - 14.4+ months

Lorlatinib-naïve:
≥ 2 prior ALK TKIs
1 prior, alectinib

Lorlatinib Pre-treated:
≥ 3 prior ALK TKI
2 prior, 2G + lorlatinib
2 prior, 1G + lorlatinib

Treatment Ongoing
1st CNS CR
1st CNS PR

Duration of Treatment for all Confirmed CNS Responders
(Patients with Measurable or Unmeasurable CNS Lesions)

CNS Tumor Shrinkage
(Patients with Measurable CNS Lesions a)

KEY: PATIENT DETAILS
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Neladalkib (NVL-655): CNS Activity

Data cut-off: 15 June 2024. 
1G, 1st generation ALK TKI (i.e., crizotinib); 2G, 2nd generation ALK TKI (i.e., ceritinib, alectinib, or brigatinib); 
CNS, central nervous system; CR, complete response; IC-ORR, intracranial ORR for patients with measurable CNS lesions; PD, 
progressive disease; PR, partial response; SD, stable disease; uPR, unconfirmed partial response.
a Figure excludes one lorlatinib-pretreated patient with measurable CNS metastases at baseline who discontinued due to 

symptomatic deterioration without follow-up brain imaging. 
b Single-timepoint PR not confirmed due to discontinuation of treatment in absence of CNS PD.

• IC-ORR (patients with measurable CNS lesions):

o Lorlatinib-naïve: 50% (1/2)

o Prior lorlatinib: 15% (2/13) 

─ 31% (4/13) including 2 CNS uPRs not confirmed 
due to discontinuation of treatment in absence 
of CNS progression

• No CNS progression among confirmed CNS 
responders, including in patients who previously 
received the brain-penetrant TKI lorlatinib 
(measurable or unmeasurable CNS lesions)

─ Treatment duration: 6.7 - 14.4+ months

Lorlatinib-naïve:
≥ 2 prior ALK TKIs
1 prior, alectinib

Lorlatinib Pre-treated:
≥ 3 prior ALK TKI
2 prior, 2G + lorlatinib
2 prior, 1G + lorlatinib

Treatment Ongoing
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Duration of Treatment for all Confirmed CNS Responders
(Patients with Measurable or Unmeasurable CNS Lesions)

CNS Tumor Shrinkage
(Patients with Measurable CNS Lesions a)
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Revolutionizing Treatment with Novel 4th Generation TKIs in Cancer Therapy



STRATEGIES TO OVERCOME RESISTANCE TO ALK INHIBITION

Gilteritinib: Another ALK TKI (Multikinase Inh.) in Trial 
(Phase 1 Trial at UMich -- NCT06225427)

• TKI approved by the FDA for relapsed/refractory FLT3 mutated AML
• Activity against FLT3, ALK, AXL, TRK A, ROS, RET and MER kinases

Mizuta H et al. Nat Commun 2021;12:1261
https://clinicaltrials.gov/study/NCT06225427?term=gilteritinib%20alk&rank=1

Gilteritinib: Another ALK TKI (Multikinase Inh.) in Trial
(Phase 1 Trial at UMich -- NCT06225427)

• TKI approved by the FDA for relapsed/refractory FLT3 
mutated AML
• Activity against FLT3, ALK, AXL, TRK A, ROS, RET and 
MER kinases

Mizuta H et al. Nat Commun 2021;12:1261
https://clinicaltrials.gov/study/NCT06225427?term=gilteritinib%20alk&rank=1

TPX-0131 – a potent inhibitor of wild-type ALK and a broad spectrum of single 
and compound ALK resistance mutations 

Cell proliferation IC50 values (nM)

EML4-ALK TPX-0131 Crizotinib Alectinib Brigatinib Ceritinib Lorlatinib

Single EML4-ALK mutations

Wild-type 0.4 50 7.4 12 3.9 0.8

I1171N 516 254 4310 49 72 48

I1171S 189 188 306 31 27 31

I1171T 316 232 210 33 29 25

L1196M 0.5 274 50 21 5.4 38

L1198F <0.2 18 397 74 618 30

G1202R 0.2 434 2690 188 329 52

G1269A 13 451 197 20 15 49

G1269S 701 1390 671 46 97 191

Compound EML4-ALK mutations

L1196M/L1198F <0.2 252 2250 253 1410 1310

L1198F/C1156Y <0.2 19.3 776 102 1310 140

L1198F/I1171N 1.6 626 236 55.1 64.1 78.7

G1202R/C1156Y 0.2 745 2420 810 1300 521

G1202R/L1196M 0.7 808 >10000 1100 1260 4780

G1202R/L1198F <0.2 188 3000 2040 2010 1710

G1202R/G1269A 9.9 705 7200 164 303 636

G1202R/G1269A/L1204V 14.9 634 6740 176 345 673

G1202R/G1269A/L1198F 0.2 596 >10000 907 1670 6330

• TPX-0131 , a compact macrocycle designed to
potently inhibit ALK fusion proteins and overcome
resistance mutations to approved ALK inhibitors, 
with potential to cross the blood–brain barrier

• TPX-0131, effective against a broad spectrum of
acquired resistance mutations, especially the SFM
G1202R, the gatekeeper mutation L1196M, and
compound mutations (e.g., G1202R/L1196M,
G1202R/L1198F)1

• A Phase 1/2 clinical study of TPX-0131 in TKI-
pretreated patients with ALK+ NSCLC is currently
recruiting

Murray Mol Cancer Ther 21,  Clinicaltrials.gov. NCT04849273

TPX-0131  potent inhibitor f wild-type ALK and a broad 
spectrum of single ALK resistance mutations 
Effective against a broad spectrum of adquired resistance 
mutations, specially the SFM G1202R, the gatekeeper 
mutation L1196M and compund mutations 
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STRATEGIES TO OVERCOME RESISTANCE TO ALK INHIBITION

4 regimens: crizotinib (n=2), lorlatinib + crizotinib (n=6),
alectinib + capmatinib (n=3), alectinib + crizotinib (n=1)

ORR: 42% (5/12)
Dagogo-Jack I et al. JTO Clin Res Rep 2023; 4(8):100534

ALKi + METi Therapy in ALK+ NSCLC with MET amp

• 4 regimens: crizotinib (n=2), lorlatinib + crizotinib (n=6), 
alectinib + capmatinib (n=3), alectinib + crizotinib (n=1)

• ORR: 42% (5/12) Dagogo-Jack I et al. JTO Clin Res Rep 2023; 4(8):100534

ALKi + METi Therapy in ALK+ NSCLC with MET amp

• 4 regimens: crizotinib (n=2), lorlatinib + crizotinib (n=6), 
alectinib + capmatinib (n=3), alectinib + crizotinib (n=1)

• ORR: 42% (5/12) Dagogo-Jack I et al. JTO Clin Res Rep 2023; 4(8):100534

Unlocking the Potential of ALKi + METi Therapy in ALK+ NSCLC with MET Amplification
Cohort of patients (12) with ALK+ lung cancer and acquired METamplification 
(identified by tissue or plasma) who received regimens targeting both ALK and 
MET.



STRATEGIES TO OVERCOME RESISTANCE TO ALK INHIBITION
Exploring Innovative Combination Strategies Beyond ALKi 
+ METi in ALK+ NSCLCC

None with clinical biomarker

Bottleneck in Overcoming ALK-Independent Resistance: 
Combination Strategies Outside of ALKi + METi

Combination Bypass Pathway 
Targeted

Phase ClinicalTrials.gov

Alectinib + Cobimetinib MEK 1-2 NCT03202940
Brigatinib + Binimetinib MEK 1 NCT04005144

Ceritinib + Trametinib MEK 1 NCT03087448

Lorlatinib + Binimetinib MEK 1-2 NCT04292119
Lorlatinib + PF-07284892 SHP2 1 NCT04800822
Lorlatinib + TNO155 SHP2 1-2 NCT04292119
Ceritinib + Everolimus mTOR 1 NCT02321501
Brigatinib + Bevacizumab VEGF 1 NCT04227028

None with clinical biomarker
Schneider JL, Lin JJ, Shaw AT. Nat Cancer 2023;4(3):330-43

Schneider JL, Lin JJ, Shaw AT. Nat Cancer 2023;4(3):330-43



STRATEGIES TO OVERCOME RESISTANCE TO ALK INHIBITION

• Patritumab deruxtecan (anti-HER3 ADC)1 & datopotamab 
deruxtecan (anti-TROP2 ADC)  have shown signals of activity 
in patients with ALK+ NSCLC (small number)

• Clinical activity of ADCs across AGA subsets appears 
irrespective of the spectrum of known or unknown
resistance mechanisms

Activity of patritumab deruxtecan in NSCLC with 
non-classical EGFRmut AGAs

. Steuer C et al., ASCO 2022; . Paz Ares L et al., ESMO 2023;  HA et al., WCLC 2023;

Investigational ADCs in TKI-Resistant ALK+ NSCLC

1. Steuer C et al., ASCO 2022; 2. Paz Ares L et al., ESMO 2023; 3. HA et al., WCLC 2023; doi: 10.1200/JCO.23.01476

• Patritumab deruxtecan (anti-HER3 
ADC)1 & datopotamab deruxtecan 
(anti-TROP2 ADC)2 have shown 
signals of activity in patients with 
ALK+ NSCLC (small n’s)

• Clinical activity of ADCs across AGA 
subsets appears irrespective of the 
spectrum of known or unknown 
resistance mechanisms1-3

18.

Activity of patritumab deruxtecan in NSCLC with 
non-classical EGFRmut AGAs1

Activity of datopotamab 
deruxtecan in NSCLC with 
AGAs2 including EGFR 
and ALK

Investigational ADCs in TKI-Resistant ALK+ NSCLC

1. Steuer C et al., ASCO 2022; 2. Paz Ares L et al., ESMO 2023; 3. HA et al., WCLC 2023; doi: 10.1200/JCO.23.01476

• Patritumab deruxtecan (anti-HER3 
ADC)1 & datopotamab deruxtecan 
(anti-TROP2 ADC)2 have shown 
signals of activity in patients with 
ALK+ NSCLC (small n’s)

• Clinical activity of ADCs across AGA 
subsets appears irrespective of the 
spectrum of known or unknown 
resistance mechanisms1-3

18.

Activity of patritumab deruxtecan in NSCLC with 
non-classical EGFRmut AGAs1

Activity of datopotamab 
deruxtecan in NSCLC with 
AGAs2 including EGFR 
and ALK

Activity of datopotamab deruxtecan in NSCLC 
withAGAs including EGFR and ALK

ADCs: A Promising Therapeutic Approach in TKI-Resistant ALK+ NSCLC



STRATEGIES TO OVERCOME RESISTANCE TO ALK INHIBITIONSOC Post-ALK TKI Therapy Remains Chemotherapy 
(+/- Next-Generation ALK TKI)

Overall PFS

Waliany S et al. TTLC 2024

SOC Post-ALK TKI Therapy Remains Chemotherapy (+/- Next-Generation ALK TKI)

Waliany S et al. TTLC 2024

32/34 patients completed planned LCT (79% RT, 9% surgery, 6%
surgery + RT, 3% no LCT- amenable residual disease)

LCT in ALK+ Metastatic NSCLC:
Data from BRIGHTSTAR (NCT03707938)

32/34 patients completed planned 
LCT (79% RT, 9% surgery, 6% 
surgery + RT, 3% no LCT-
amenable residual disease)

*includes only patients who did not progress at 12 weeks on ALTA-1L; PFS calculated from randomization
Elamin Y et al., WCLC 2023

LCT in ALK+ Metastatic NSCLC:
Data from BRIGHTSTAR (NCT03707938)

32/34 patients completed planned 
LCT (79% RT, 9% surgery, 6% 
surgery + RT, 3% no LCT-
amenable residual disease)

*includes only patients who did not progress at 12 weeks on ALTA-1L; PFS calculated from randomization
Elamin Y et al., WCLC 2023

BRIGHTSTAR (NCT03707938)

Elamin Y et al., WCLC 2023Mazieres J et alAnn Oncol. 2019 Aug 1;30(8):1321-1328. 



TO TAKE AWAY
• Currently, Lorlatinib is the leading and most clinically effective agent for treating ALK+ NSCLC, particularly known for its 

remarkable efficacy in managing CNS metastases.

• However, resistance to third-generation ALK TKIs can emerge through both on-target and off-target mechanisms.

 
• To counteract on-target resistance, fourth-generation TKIs are in development, offering significant promise in addressing 

these challenges.

• Off-target resistance, which occurs more frequently, involves mechanisms such as the activation of bypass signaling 
pathways or phenotypic transformation, which can complicate treatment further.

• In order to tackle resistance beyond thrid-generation TKIs, a variety of innovative approaches are being explored. These 
include combination therapies, antibody-drug conjugates, …These advanced therapeutic approaches hold great potential 
for improving treatment outcomes and overcoming resistance in ALK+ NSCLC.



GRacias!


