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ROS 1



Facts

• There is homology between ROS1 and ALK oncogenes 

• Both are activated by gene rearrangements in NSCLC 

• Both ROS1 and ALK belong to the insulin receptor superfamily 

• They are evolutionary conserved

• They share >80% of their amino acid sequence within their ATP-binding sites

• TKIs often are active in both

Remon J, Pignataro D. et al: Cancer Treatment Reviews  Volume 95 (April 2021) 102178



ROS1 epidemiology

• In non─small cell lung cancer (NSCLC), the incidence 
of ROS1 rearrangements is approximately 1% to 2%

• It ranges from 2.4% to 2.9% in the adenocarcinoma subtype, being 
substantially lower (0.2%-0.6%) in non-adenocarcinoma tumors

• ROS1 rearrangements are more prevalent in females, patients without 
smoking history, and at a younger age

• Unlike other genomic alterations, ROS1 rearrangements do not correlate with 
worse prognosis
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ROS1 epidemiology

• Patients with ROS1-positive tumors have from 2.5- to 5-fold higher risk 
for thromboembolic events compared with EGFR or KRAS

• To date, 23 different ROS1 fusion variants have been identified in NSCLC, CD74-ROS1 being 
the most common occurring in up to 50% of cases

• The exact mechanism of ROS1 kinase activation in the fusion proteins has not been 
established

• ROS1 signaling mainly relies on ERK, PI3K/mTOR and JAK-STAT intracellular pathways

• The incidence of baseline brain metastases (BM) in treatment-naïve advanced ROS1-positive 
NSCLC patients ranges from 20% to 35%
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ROS1 epidemiology and detection

• Methods to detect ROS1 fusion variants include immunohistochemistry (IHC), 
fluorescence in situ hybridization (FISH), reverse transcription-polymerase 
chain reaction (RT-PCR) and next-generation sequencing (NGS)

• IHC is recommended as initial ROS1 screening, followed by FISH or a 
molecular test for confirmation

• Only one-third of ROS1-positive patients receive a TKI in first-line setting
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Current therapeutic strategy

• Several ROS1 tyrosine kinase inhibitors (TKIs) have been developed

• Two are already approved in the first-line setting: crizotinib (approved by 
both the Food and Drug Administration [FDA] and European Medicines 
Agency [EMA] in 2016) and entrectinib (approved by the FDA in 2019)

• Treatment with ROS1 TKIs in ROS1-positive NSCLC patients significantly 
improves OS

• Upfront ROS1 TKIs produce a better response rate (RR) and progression-free 
survival (PFS) than platinum-pemetrexed chemotherapy
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Crizotinib

• Crizotinib showed a RR of 72%, median PFS of 19.3 months, and median OS of 51.4 months, with a 4-
year OS of 51% (PROFILE 1001 study) confirmed by other trials

• Crizotinib showed a benefit in patient-reported quality of life (QoL) and a reduction in patient-reported 
lung cancer-related symptoms

• Poor CNS penetration

• Two main mechanisms of crizotinib failure exist: 

– On-target mutation –systemic failure

– Progression in the central nervous system

• CNS is the first and only site of progression in 47% of ROS1-positive patients on crizotinib
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• Acquired ROS1 resistance mutations occur in up to 60% of crizotinib-
refractory patients

• To date, seven different crizotinib ROS1 resistance mutations have been 
described in patient

• G2032R is the most common (41%)

• Other mechanisms of resistance are 

– Upregulation of bypass signaling pathways, such as EGFR, KRAS and KIT

– Phenotypic changes, such as epithelial-mesenchymal transition (EMT)

Mechanisms of acquired resistance to crizotinib

Remon J et al: Cancer Treatment Reviews  Volume 95 (April 2021) 102178
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• Circulating tumor DNA (ctDNA) analysis is a useful tool to identify 
mechanisms of acquired resistance to ROS1 TKIs

• In the Guardant360 dataset, 56 ROS1 NSCLC patients were identified with 
ctDNA analysis, and 33% of plasma specimens at crizotinib relapse had ROS1 
mutations

• ctDNA allowed the identification of potential mediators of crizotinib
resistance in 44% of cases, with a frequency of secondary ROS1 mutations in 
plasma similar to that observed in tumor tissue

Mechanisms of acquired resistance to crizotinib
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• Ceritinib is an ALK and ROS1 TKI

• ASCEND-4 trial: Ceritinib vs.chemotherapy

– PFS 16.6 mo vs. 8.1 mos

• RR of 67%, median PFS of 19.3 months, and median OS of 24 months

• About 37% of patients presented grade ≥ 3 TRAEs, requiring dose reduction in 68% of cases, 
and the GI toxicity limits the use of this drug in daily clinical practice

• Recently, in the final report from the ASCEND-8 trial, ceritinib at 450 mg with food vs 750 mg 
fasted showed similar efficacy (RR 78% vs 73%, regardless the presence or absence of brain 
metastases) and a more favorable gastrointestinal tolerability

Ceritinib
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• Entrectinib is a potent TKI that promotes a durable and meaningful clinical benefit and 
intracranial activity in advanced ROS1-positive NSCLC patients and NTRK gene fusion-
positive solid tumors 

• RR of 77% and PFS of 19 months (26.3 mos with no brain metastases)

• The intracranial (ic)RR was 55%, and the median icPFS was 7.7 months

• The grade 3–4 TRAEs rate was 34%

• Approved in ROS1-positive patients, as well as adults and pediatric patients with NTRK-
positive solid tumors

• KRAS G12C mutation causes entrectinib resistance in vitro and co-targeting ROS1 and MEK 
pathways is a proposed strategy to overcome this resistance

Entrectinib

Remon J, et al: Cancer Treatment Reviews  Volume 95 (April 2021) 102178
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• Selective third-generation ALK and ROS1 TKI specifically developed to penetrate the 
blood–brain barrier via the reduction of P-glycoprotein 1-mediated efflux

• RR in TKI-naïve patients is 62% vs 35% in pre-treated

• Median PFS is 21 months vs 8.5 mos

• The icRR of lorlatinib in TKI-naïve and crizotinib-pretreated patients is 64% and 50%, 
respectively

• Grade ≥ 3 TRAEs were registered in 49% of patients and were mainly grade 3–4, 
hypertriglyceridemia (19%) and hypercholesterolemia (14%)

Lorlatinib

Remon J, et al: Cancer Treatment Reviews  Volume 95 (April 2021) 102178
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• Repotrectinib is a ROS1/NTRK/ALK TKI, which can inhibit ROS1 with > 90-fold 
higher potency than crizotinib and designed to overcome the ROS1 G2032R 
mutation

• In 11 TKI-naïve ROS1-positive NSCLC patients, repotrectinib showed a RR of 
82% (regardless of the dose) and icRR of 100% 

• in 18 TKI-refractory patients the RR was 39% and reached 55% in crizotinib-
pretreated patients at 160 mg

Repotrectinib

Remon J,  et al: Cancer Treatment Reviews  Volume 95 (April 2021) 102178
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• DS-6051b is a new and selective ROS1/NTRK TKI, inducing a dramatic growth 
inhibition both in wild type and G2032R-mutant ROS1- or NTRK-rearranged 
cancers in vitro and in vivo

• In a phase I trial, among six crizotinib-refractory ROS1-positive NSCLC 
patients, 33% had partial response, 33% stable disease 

• In another phase I trial, DS-6051b showed a RR of 58.3% in 12 patients with 
target lesions and of 66.7% in nine crizotinib-naïve patients

DS-6051b

Remon J, Pignataro D. et al: Cancer Treatment Reviews  Volume 95 (April 2021) 102178
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• Sequential treatment strategies may impact patients’ outcomes, although 
they remain to be defined in this subset since current evidence is derived 
from small cohorts

• The efficacy of lorlatinib in ROS1-positive tumors may be compromised by 
the previous ROS1 TKI and the occurrence of the G2032R mutation

• The efficacy of lorlatinib after a ROS1 TKI different than crizotinib is less 
prominent than after crizotinib (RR, 13% vs 35%; duration of response [DoR], 
5.6 months vs 13.8 months)

Sequencing
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• Repotrectinib showed preliminary clinical activity with response in 39% in 18 
patients previously treated with a ROS1 TKI (crizotinib, ceritinib, entrectinib)

• Neither ceritinib nor entrectinib appear to be clinically active in crizotinib-
resistant ROS1-positive tumors

• The crizotinib-lorlatinib sequence is emerging as a treatment strategy of 
choice, with an expected cumulated PFS of 28 months

• Lorlatinib does not seem to be superior to crizotinib in TKI-naïve patients, and 
the safety profile of crizotinib seems more favorable than that of lorlatinib

• This places crizotinib as the standard first-line treatment of choice for ROS1-
positive advanced NSCLC patients

Sequencing
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• Lorlatinib is not active in tumors with the G2032R mutation

• DS-6051b and repotrectinib have been designed to overcome acquired solvent front 
mutations with a dramatic growth inhibition in G2032R/D2033N-mutant ROS1-positive 
cancers in vitro and in vivo

• Clinical data suggest that repotrectinib could be a potential treatment strategy in G2032R-
mutant tumors (RR of 40%, N = 5)  but more clinical evidence is needed

• The mechanisms of acquired progression on lorlatinib are 

– One-third acquiring ROS1 mutations

– About 10% MET amplification

Sequencing
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ALK



• EML4-ALK rearrangements occur in about 3–8% of the overall NSCLC population

• Never/light smokers, younger age, and adenocarcinoma subgroups

• There are multiple (>15) EML4-ALK fusion variants (v), 

– v1 (40%), 

– v2 (10%)

– v3a/b (30%) 

Are among the most frequently reported

ALK epidemiology

Remon J, D. et al: Cancer Treatment Reviews  Volume 95 (April 2021) 102178
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• Intra-tyrosine kinase secondary ALK mutations represent the main mechanism of resistance 
to second-generation ALK TKIs, reported in more than 50% of patient.

• Among them, p.G1202R accounts for 25%-30% of cases

• In the remaining patients, the occurrence of acquired resistance under second-generation

• ALK TKIs is driven by ALK-independent mechanisms

– Bypass signaling (including EGFR, MET, c-KIT, SRC, RAS/ MAPK, and SHP2)

– Histological (small cell lung cancer transformation) and/or phenotypical (EMT) changes 

ALK RESISTANCE

Remon J,  et al: Cancer Treatment Reviews  Volume 95 (April 2021) 102178
Gainor JF. Et al.Cancer Discov 2016.6:1118-33



• Alectinib is the preferred first-line treatment option in ALK-rearranged advanced NSCLC as it 
has shown the best balance of clinical activity and safety

• The third-generation ALK TKI lorlatinib, with a wide spectrum of activity against the majority 
of ALK secondary mutations, has focused new interest on the debate regarding the best first-
line ALK TKI. 

• Preventing the onset of resistance mechanisms with the use of the most potent TKI at the 
frontline has proven to be an effective strategy in patients with EGFR-mutated NSCLC

• No direct comparison between second- and third-generation ALK TKIs is currently available

Sequencing
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• Lorlatinib showed higher ORR in mutation-positive (69%) vs mutation-negative NSCLC 
patients (27%)

• Molecular profiling at the time of disease progression to second- generation ALK TKIs may 
help physicians identify the best candidate to lorlatinib therapy and ultimately define 
genomic-driven therapeutic sequences

• In a recent study, MET amplification was detected in 15% of tumor biopsies from patients 
relapsing on next-generation ALK TKIs.

• Patients with acquired MET alterations may benefit from therapeutic agents targeting both 
ALK and MET like crizotinib

Sequencing
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Pralsetinib

Gainor JF et al. Lancet oncol. 2021 Jul;22(7):959-969
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MET



• c-Met is the tyrosine kinase receptor for hepatocyte growth factor.

• The intracellular c-Met juxta-membrane domain is encoded in part by MET exon 14 
and contains critical regulatory elements

• Somatic mutations in the MET gene can cause exon 14 skipping, and the resulting 
mutant receptor demonstrates increased c-Met signaling and oncogenic potential

• Incidence in NSCLC is ~ 3% (Dana Farber cohort of 933 non-squamous lung cancer 
patients)

• None detected in squamous cell, small cell or neuroendocrine carcinomas.

• Nearly half the patients presented at Stage I. In late stages, more likely to be associated with 
strong c-Met expression than met exon 14 skipping.

MET 
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• Capmatinib a highly potent and selective inhibitor of the MET receptor, crosses the blood–
brain barrier

• Geometry study

– Given as 400 mg PO twice daily

– Brain metastases allowed with stable steroid doses

– Stratified by prior treatment

– Stratified by type of MET alteration

MET Treatment : Capmatinib

Wolf et al.N Engl J Med 2020; 383:944-957
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• Tepotinib is a once-daily, highly selective oral MET inhibitor

• Vision study

– Given as 500 mg PO daily

– Brain metastases allowed with tapering steroid doses

– Untreated brain metastases, < 1 cm, asymptomatic

– Stratified by prior treatment

– Stratified by type of MET alteration

MET Treatment : Tepotinib
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– The response rate according to investigator assessment was 56% in the liquid biopsy 
group

– The response rate according to investigator assessment was 62% in the tissue biopsy 
group

– Tumor shrinkage was observed in 89% of patients

– Responses were rapid, onset within 6 weeks

– Median duration of response 11.1 months

– Median PFS 8.5 months

– Median OS 17.1 months

MET Treatment : Tepotinib

Paik et al. NEJM 2020 Sep 3;383(10):931-934







Conclusions

• Targeted agents have revolutionized the treatment of lung cancer by offering personalized 
therapy based on the specific molecular characteristics of an individual's cancer

• These drugs are designed to target specific molecules or pathways that are crucial for the growth 
and survival of cancer cells

• Resulted in improved efficacy and reduced toxicity compared to traditional chemotherapy

• Targeted agents have provided a valuable alternative for patients with advanced lung cancer who 
may not be eligible for surgery or radiation

• While these agents have significantly improved patient outcomes, continued research is necessary 
to identify new targets and develop more effective therapies for patients with lung cancer
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