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Abstract

ROS1-rearranged (also known as ROS1 fusion-positive) non-small-cell lung cancer is an 

uncommon but distinct molecular subgroup seen in approximately 1–2% of cases. Oncogene 

addiction due to constitutive ROS1 tyrosine kinase activation has allowed development of 

molecularly targeted therapies with remarkable anti-tumor activity. Both crizotinib and entrectinib, 

multitargeted tyrosine kinase inhibitors (TKIs) have now received approval by the FDA for 

treatment of patients with advanced ROS1-rearranged lung cancers; however, the clinical efficacy 

and safety of these drugs have been derived from expansion cohorts of single-arm phase I or 

basket clinical trials with relatively small populations of this clinically and molecularly distinct 

subgroup. Both drugs lead to high objective response rates (approximately 70–80%) and have 

manageable side effects, although only entrectinib has potent intracranial efficacy. Lorlatinib is an 

oral brain-penetrant ALK/ROS1 TKI with activity in both TKI-naïve and some crizotinib-resistant 

settings (albeit with limited potency against the crizotinib/entrectinib-resistant ROS1-G2032R 

mutation). We describe cases of advanced ROS1-rearranged lung cancer receiving crizotinib, 

entrectinib, and/or lorlatinib in first and later line treatment settings to dissect the current state of 

evidence supporting management decisions for these patients. The next generation ROS1 TKIs 
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(repotrectinib and DS-6051b), owing to their broad activity against kinase mutations including 

ROS1-G2032R in preclinical studies, hold promise to transform the current treatment paradigm 

and permit even further gains with regards to long-term outcomes in this subset of patients.
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lorlatinib; acquired resistance

Introduction

Rearrangements/fusions of the ROS1 gene that encodes for protooncogene receptor tyrosine 

kinase ROS1 characterize a distinct molecular subgroup of oncogene-addicted non-small-

cell lung cancer (NSCLC) with a frequency of approximately 1–2% (1,2). These alterations 

are mutually exclusive with other driver alterations (i.e., EGFR mutations, ALK 
rearrangements, BRAF mutations, NTRK rearrangements, MET exon 14 skipping mutation, 

RET rearrangements, ERBB2 mutations, KRAS mutations, among others) seen in NSCLC 

(3,4). The retained kinase domain of the ROS1 fusion with partner genes (most commonly 

CD74) leads to constitutive activation of its tyrosine kinase domain and drives oncogenesis 

(3,5). Another uncommon molecular subgroup—ALK (anaplastic lymphoma kinase gene)-

rearranged NSCLC—shares clinicopathologic characteristics and a high degree of homology 

in tyrosine kinase domains of the oncoproteins with ROS1 fusion-positive NSCLC. Both 

subgroups overwhelmingly include those patients with NSCLC occurring in the presence of 

limited/no tobacco history and adenocarcinoma histology (5–8). In clinical practice, ROS1 
rearrangements/fusions are usually evaluated in tumor biopsy samples by either fluorescence 

in situ hybridization (FISH) or next-generation sequencing (NGS) panels; however, 

immunohistochemistry (IHC) and reverse transcription polymerase chain reaction (RT-PCR) 

have been utilized as well (7).

Due to the low frequency of ROS1-rearranged NSCLC, the majority of clinical evidence 

utilizing targeted therapies has been derived from expansion cohorts of single-arm phase I/II 

or basket clinical trials. Our group had previously published a comprehensive review of the 

literature on ROS1 fusion-positive NSCLC in 2018 (2). At that time, crizotinib—a 

multitargeted MET/ALK/ROS1 tyrosine kinase inhibitor (TKI)—was the only targeted 

therapy approved by the United States Food and Drug Administration (FDA) for 

management of ROS1 fusion-positive NSCLC. In the time since, another drug—entrectinib 

[ROS1/tropomyosin receptor kinase (TRK) inhibitor]—has received approval from the FDA 

for management of this subgroup of NSCLC in both treatment-naïve and chemotherapy-

treated settings. In addition, emerging phase I/II trials suggest there may be a role for 

lorlatinib and other multi-targeted ROS1 TKIs.

Here, we describe three patient cases as a framework to dissect the evidence supporting the 

current use of ROS1 TKIs in the clinic. We present our approach towards management 

decisions for these patients in the first line treatment setting and beyond.
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Case presentations (Figure 1)

We present the following cases in accordance with the CARE guideline.

Case I

A 72-year-old white male with remote (<5 pack-years) tobacco history was diagnosed with 

locally advanced lung adenocarcinoma (hilar, mediastinal, and ipsilateral supraclavicular 

lymphadenopathy) following presentation with chronic dry cough. FISH from the original 

tumor biopsy was positive for a rearrangement involving ROS1 gene (37.5% of cells). He 

was treated with curative intent concurrent chemoradiation, with control of disease for 21 

months. He was subsequently found to have recurrence of disease in the lung on follow up 

imaging and underwent right upper lobe wedge resection and right middle lobectomy. ROS1 
gene rearrangement was confirmed in the tumor specimen this time by both FISH (90% of 

cells) and NGS (Solid Fusion Assay v2, Massachusetts General Hospital); the latter 

identified a fusion transcript involving SLC34A2 exon 13 and ROS1 exon 34. He was 

subsequently followed for 15 months with no evidence of recurrence on imaging studies. 

Eventually, both local and distant intrathoracic and nodal disease progression were noted 

(Figure 1). Brain imaging was negative for evidence of intracranial metastases. Biopsy of a 

right axillary lymph node showed lung adenocarcinoma with NGS (FoundationOne, 

Foundation Medicine) showing SLC34A2-ROS1 fusion, CDKN2A loss, and 

TET2P1617fs86 mutation. Based on these findings, he was started on first line crizotinib 

250 mg twice daily. Follow up scans 2 months later showed significant reduction of disease 

burden. He experienced multiple crizotinib-related adverse events, including fatigue, 

gastrointestinal disturbances (alternating diarrhea and constipation), lower extremity edema, 

decreased appetite, and low testosterone levels; crizotinib was dose reduced to 250 mg daily. 

His disease continued to respond and remained under control for 24 months. Subsequent 

follow up imaging showed findings concerning for slow progression of disease in the lungs 

and mediastinal lymph nodes (Figure 1). Bronchial sampling showed adenocarcinoma. 

Liquid biopsy (FoundationOne Liquid, Foundation Medicine) from peripheral blood showed 

no abnormalities [i.e., failed to identify tumor-derived circulating free DNA (cfDNA)]. A 

repeat tissue biopsy evaluation and repeat imaging studies are pending at this time to 

confirm lack of histologic transformation and obtain genomic data that will help further 

support future decisions of systemic palliative therapy–either off-label lorlatinib or systemic 

chemotherapy +/− immune checkpoint inhibitor versus local therapy (such as radiotherapy) 

with use of crizotinib beyond progression.

Case II

A 60-year-old female with no tobacco history (0 pack-years), with history of atrial 

fibrillation was evaluated for worsening shortness of breath and cough and diagnosed with 

lung adenocarcinoma of the left lower lobe. Imaging studies did not show findings 

concerning for extra-thoracic metastatic disease. However, imaging of the brain revealed 

eight intracranial lesions consistent with metastatic disease. Evaluation of the cerebrospinal 

fluid was negative for presence of malignant cells. She received local brain-directed 

treatment with palliative stereotactic radiotherapy. Tumor NGS (FoundationOne CDx, 

Foundation Medicine) revealed the presence of CD74-ROS1 (C6:R33) fusion gene. She was 
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started on treatment with entrectinib 600 mg daily due to its known central nervous system 

(CNS) activity in ROS1-rearranged NSCLC. She had rapid resolution of her respiratory 

symptoms; follow up computed tomography (CT) body imaging obtained just one week 

after initiation of entrectinib revealed dramatic radiographic response (Figure 1). Her 

treatment over the next three months was complicated by dizziness, gait instability, and 

diarrhea-all best attributed to the TKI. Follow up imaging of the brain showed stable disease, 

without new/progressive lesions. The dose of entrectinib was reduced to 400 mg daily with 

improvement in adverse events. Imaging studies show sustained response to therapy, 

ongoing five months since start of entrectinib.

Case III

A 32-year-old Hispanic male with minimal (<1 pack-year) tobacco history was evaluated for 

worsening dry cough and shortness of breath. He was diagnosed with advanced lung 

adenocarcinoma with metastatic disease in both lungs and the axilla. ROS1 gene 

rearrangement was detected by FISH in 67.5% of cells. He was started on first line treatment 

with crizotinib 250 mg twice daily, resulting in a sustained response to therapy lasting for 44 

months (Figure 1). Subsequently, follow up imaging demonstrated growth in the primary 

right lower lobe mass with evidence of new lymphangitic spread. He concurrently 

experienced clinical worsening with increased cough and malaise. Tumor rebiopsy 

confirmed adenocarcinoma with no evidence of histologic transformation. Tumor NGS 

(FoundationOne, Foundation Medicine) of rebiopsied tumor showed the known EZR-ROS1 
fusion gene along with acquisition of a ROS1-S1986F resistance mutation. He was 

transitioned to second line off-label lorlatinib at a dose of 100 mg daily. Within two months, 

he reported subjective improvement in his respiratory symptoms with radiographic evidence 

of a complete response to therapy on follow-up imaging (Figure 1). Treatment with 

lorlatinib was complicated by weight gain, metabolic derangements (dyslipidemia, elevation 

in hemoglobin A1c), fatigue, confusion, and depression. These were attributed to adverse 

events from lorlatinib and managed with dose reductions to 75 mg daily and subsequently to 

50 mg daily with improvements in the above. A statin was initiated for hyperlipidemia. 

Disease response to treatment has been maintained at the last follow-up 13 months since 

start of lorlatinib.

Discussion

Use of on-label Crizotinib (Case I)

The earliest and most definitive evidence for clinical activity of crizotinib in ROS1 fusion-

positive NSCLC was obtained from the dose expansion ROS1 cohort of the global PROFILE 

1001 trial (ClinicalTrials.gov identifier: NCT00585195) (6,9). This phase I trial was 

amended to enroll patients with advanced NSCLC harboring ROS1 rearrangements who 

were treated with crizotinib at the recommended phase II dose of 250 mg orally twice daily 

(6,10). In an initial report of 50 patients, the primary endpoint of objective response rate 

(ORR) was 72% (95% CI, 58% to 84%); complete (CR) and partial responses (PR) were 

seen in three (6%) and 33 (66%) patients, respectively. The disease control rate (DCR) was 

90%; with median duration of response (DoR) 17.6 months (95% CI, 14.5 months to not 

reached). Median progression-free survival (PFS) was 19.2 months (95% CI, 14.4 months to 
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not reached) at the time of this report. This data led to the approval for use of crizotinib by 

the US FDA and European Union for treatment of ROS1 fusion-positive advanced NSCLC 

in 2016.

The updated efficacy, survival, and safety data from this ROS1 expansion cohort with 53 

patients and median follow up of 62.6 months was published in 2019 (10). Similar to the 

initial report, ORR was 72% (95% CI, 58% to 83%), which included six (11%) CRs and 32 

(60%) confirmed PRs. These responses were proven to be durable, with median DoR of 24.7 

months (95% CI, 15.2 to 45.3 months). Median PFS and overall survival (OS) were 19.3 

months (95% CI, 15.2 to 45.3 months) and 51.4 months (95% CI, 29.3 months to not 

reached), respectively. The remarkable anti-tumor activity and survival effects seen with 

treatment with crizotinib in ROS1 fusion-positive advanced NSCLC were confirmed in this 

updated analysis. The authors also performed subgroup analyses of ORR, DoR and OS for 

different ROS1 fusion partners and found no differences between them. Overall, treatment-

related adverse events (TRAEs) were common (100% patients), but the majority were grade 

1 or 2 in severity (Common Terminology Criteria for Adverse Events [CTCAE]). The most 

common adverse events (AEs) were consistent with previous reports of crizotinib and 

included: visual disturbances, nausea/vomiting, gastrointestinal disturbances (diarrhea/

constipation) and peripheral edema. There were no treatment discontinuations or deaths due 

to TRAEs by CTCAE.

Crizotinib has been evaluated in European and East Asian populations, as well. The phase II 

AcSé trial (NCT02034981) from Europe reported an ORR of 69.4%; however PFS and OS 

were much shorter than previously published at 5.5 months (95% CI, 4.2 to 9.1 months) and 

17.2 months (95% CI, 6.8 to 32.8 months), respectively (11,12). Shorter PFS and OS in the 

AcSé trial were attributed to a heavily pre-treated study population with higher frequency of 

Eastern Cooperative Oncology Group (ECOG) performance status 2 compared to 

PROFILE1001. In another European single-arm multicenter phase II study (EUCROSS, 

NCT02183870), with more similar patient demographics to the PROFILE1001 trial, ORR 

was 70% (95% CI, 51% to 85%) and median PFS 20 months (95% CI, 10.1 months to not 

reached) (13). The largest prospective phase II international study (NCT01945021) in East 

Asian patients with advanced ROS1-rearranged NSCLC also confirmed this data with ORR 

of 71.7% (95% CI, 63% to 79.3%), median DoR of 19.7 months (95% CI, 14.1 months to 

not reached), and median PFS of 15.9 months (95% CI, 12.9 to 24 months) (14).

Despite remarkable and often brisk responses to crizotinib in this molecularly-defined 

subgroup of patients, evolution of drug resistance either due to acquisition of “on-target” 

and/or “off-target” resistance mechanisms, histologic transformation, or development of 

CNS metastases is most often inevitable (2,15). The first published case of on-target 

crizotinib resistance described development of the ROS1 solvent front mutation (SFM) 

G2032R just three months following initiation of therapy in a 48-year-old woman with 

CD74-ROS1 fusion-positive advanced lung adenocarcinoma (16). SFMs prevents crizotinib 

binding through steric hinderance while retaining normal kinase function. Interestingly, 

autopsy sampling of multiple disease sites following progression on crizotinib in this case 

revealed no heterogeneity—both original and solvent front mutations were identified at all 

sites. Subsequently, the largest series to date investigating ROS1 TKI resistance mechanisms 
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found this ROS1-G2032R SFM to be the most common (41%) mechanism of crizotinib 

resistance (17). Other identified ROS1 kinase mutations included D2033N (6%) and S1986F 

(6%). No clear mechanisms of resistance were identified in 47% of patients, even after 

additional expanded/comprehensive profiling aiming to identify gene amplifications or 

known bypass tracts (SNaPshot-NGS versions 1 and 2) in some of the samples. Finally, 

while on-target resistance tends to occur later in the course of other oncogene-addicted 

tumors (18), 62.5% (10/16) of cases of on-target ROS1 resistance in this series developed 

within 10 months of crizotinib initiation (17).

Though less common than “on-target” resistance mutations, “off-target” alterations in 

KRAS, EGFR, KIT, and RAS signaling have been linked to crizotinib resistance (7,19–22). 

As observed in other oncogene-addicted lung cancers, a subset of cases appears to 

demonstrate epithelial-mesenchymal transition or histologic transformation to small cell 

lung cancer at the time of progression (7,17,22). To date, information about these alterations 

at the time of progression has not been translated to a clinically proven combination 

therapeutic strategy. Brain or other CNS progression of disease on crizotinib is 

predominantly thought to be due to pharmacokinetic failure and is supported by the known 

poor blood-brain barrier penetration of crizotinib (23) and detection of no (0%, 0/3) on-

target resistance mutations in intracranial compared to extracranial (64.3%, 9/14) specimens 

at disease progression (17). This has spurred efforts to design advanced generation ROS1-

directed TKIs with improved brain penetrance as well as activity against a broad spectrum of 

crizotinib resistance mutations. The strategy of local consolidative therapy along with 

continuation of crizotinib beyond intracranial or systemic progression has been found to be 

feasible and promising in case reports/real-world studies in ROS1-rearranged NSCLC 

(24,25), and may be considered for a select group of patients with oligoprogressive disease.

Use of on-label Entrectinib (Case II)

Brain metastases are commonly detected in treatment-naïve stage IV ROS1-positive 

NSCLC, with incidence ranging from 19.4% to 36% in retrospective studies (15,17). In 

addition, CNS was a common and often the first site of progression of disease on crizotinib-

seen in 47% of the patients in one study (15). Entrectinib is a next generation potent 

ROS1/ALK/pan-TRK inhibitor (26,27), approved for upfront management of advanced of 

ROS1-rearranged NSCLC in 2019. Its ability to penetrate the blood-brain barrier makes it 

especially attractive for those with intracranial metastases-including our case II. The safety 

profile and clinical activity of entrectinib in solid tumors have been evaluated in three 

prospective trials: STARTRK (Studies of Tumor Alterations Responsive to Targeting 

Receptor Kinases)-1 (NCT02097810), STARTRK-2 (NCT02568267), and ALKA-372–001 

(EudraCT, 2012–000148–88) (28,29). STARTRK-1 was a multinational phase I dose-

escalation trial which enrolled patients from United States, Spain and South Korea, while 

ALKA-372–001 was also a phase I dose-escalation trial conducted only in Italy. 

STARTRK-2 is a global phase II basket trial in 15 countries evaluating entrectinib at dose of 

600 mg orally once daily.

The most definitive evidence on entrectinib so far comes from the prespecified integrated 

analysis of ROS1 fusion-positive patients from these phase I and II trials (29). This efficacy 
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analysis was performed in only TKI-naïve patients with locally advanced or metastatic 

disease. The patients were required to have ECOG performance status of 0–2, receive at 

least 600 mg (one dose) of entrectinib, and have at least 12 months of follow up. The co-

primary end points for this pooled analysis were ORR and DoR assessed by blinded 

independent central review. 53 patients were included, with ORR of 77% (95% CI, 64% to 

88%) with complete and partial responses seen in three (6%) and 38 (72%) patients, 

respectively. The ROS1 fusion partner (i.e., CD74 versus non-CD74) did not have an impact 

on the response to entrectinib in a subgroup analysis. Responses were durable with median 

DoR 24.6 months (95% CI, 11.4 to 34.8 months). The secondary endpoints of median PFS 

and OS were 19.0 months (95% CI, 12.2 to 36.6 months) and not reached (95% CI, 15.1 

months to not reached), respectively, at the time of the report. Due to the known CNS 

penetrance of this drug, intracranial efficacy was also evaluated in 20 (38%) patients with 

baseline brain metastases per independent central review. Objective intracranial responses 

were seen in 11 (55%, 95% CI, 32% to 77 %) patients, with four (20%) CRs. The median 

duration of intracranial response was 12.9 months (95% CI, 5.6 months to not reached), with 

a median intracranial PFS of 7.7 months (95% CI, 3.8 to 19.3 months). In addition, the 

median time to CNS progression in the entire population was not reached (95% CI, 15.1 

months to not reached).

The safety analysis dataset was more broadly defined and included those patients who had 

received prior ROS1-targeted TKIs and those with less than 12 months of follow up. In the 

safety-evaluable population of 134 patients, 59% and 34% patients experienced grade 1–2 

and grade 3–4 CTCAE TRAEs respectively. The most common adverse events were 

dysgeusia, dizziness, gastrointestinal disturbances, fatigue, weight gain (related to 

hyperphagia) and paresthesias. TRAEs led to treatment discontinuation in seven (5%) 

patients, while no treatment-related deaths were reported. Serious TRAEs were seen in 11% 

patients with most common being nervous system and cardiac disorders. Adverse effects 

related to appetite regulation and the nervous system due to entrectinib are attributed to TRK 

inhibition (28). Together, this data supports both the systemic and intracranial efficacy of 

entrectinib and with a manageable adverse event profile.

Within the limitations of cross-trial comparisons, ORR and median PFS seen with 

entrectinib were similar to those seen with crizotinib in the PROFILE 1001 trial (6). Rates of 

intracranial response and intracranial disease control, however, are notable differences 

between the two agents, with far more favorable results in this regard with entrectinib. The 

median PFS of entrectinib in this analysis was also longer than seen in the phase II crizotinib 

study in the East Asian trial (14). Similar results were seen in a comparative efficacy 

analysis of 53 entrectinib trial patients versus 69 matched real-world crizotinib patients with 

advanced ROS1 fusion-positive NSCLC (30). This study suggested longer time to treatment 

discontinuation and PFS with entrectinib. In an earlier analysis restricted to only the two 

phase I trials (STARTRK-1 and ALKA-372–001), no antitumor activity was seen with 

entrectinib in six patients with ROS1 fusion-positive NSCLC who had received prior 

treatment with crizotinib (28).

Taken together, these data support use of entrectinib for upfront systemic therapy in 

advanced stage ROS1-rearranged NSCLC, particularly in those with baseline intracranial 
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metastases where there are pronounced benefits as compared with upfront use of crizotinib. 

It remains uncertain if entrectinib can be an effective treatment option for those who develop 

disease progression due to crizotinib resistance, although limited preclinical and clinical data 

available thus far argues against it.

As with other advanced generation TKIs, the underlying mechanisms of entrectinib 

resistance have yet to be elucidated. An in vitro study using HCC78 cells (with the 

SLC34A2-ROS1 fusion) demonstrated a variety of acquired mechanisms, including KRAS-
G12C mutation, KRAS amplification, and FGF3 amplification; no on-target ROS1 
resistance mutations were seen (31). In addition, sustained downstream pathway activation 

was also detected and could be overcome in vitro with combination entrectinib and 

selumetinib. These data were consistent with other reports that have demonstrated activation 

of mitogen-activated protein kinase (MAPK) pathway as mediators of innate and acquired 

resistance for both ROS1 and TRK fusions (32,33). In patients with tumors harboring ROS1 
fusions, MAPK upregulation was also associated with worse survival (32). In a plasma-

based NGS analysis of 18 paired blood samples at baseline and on disease progression on 

entrectinib from STARTRK-2 trial, acquired on-target ROS1 resistance mutations (G2032R 

and F2004C/I) were detected in four (28%) patients (34). Further studies are required to 

characterize acquired mechanisms of entrectinib resistance in more detail, while long-term 

survival data is awaited from these pivotal clinical trials.

Use of off-label Lorlatinib (Case III)

Similar to entrectinib, lorlatinib was designed as a CNS-penetrant drug, albeit originally to 

overcome the ALK kinase mutation ALK-G1202R (35). It is a potent third generation TKI 

that targets both ROS1 and ALK. The strongest evidence for clinical activity of lorlatinib in 

advanced ROS1 fusion-positive NSCLC comes from an ongoing open-label single-arm 

phase I-II trial (NCT01970865) (36). This report extended the preliminary data on anti-

tumor efficacy seen with lorlatinib in the phase I portion of the study (37). Sixty-nine 

patients (12 from phase I portion and 47 from phase II portion) with metastatic ROS1 
fusion-positive NSCLC and favorable performance status (ECOG performance status 2 or 

less) with or without CNS metastases were enrolled from 12 countries, with median follow 

up of 21.1 months. A majority of the patients had received prior treatments, with 30% 

patients being TKI-naïve, 58% having received prior TKI treatment with only crizotinib, and 

12% having previously received either non-crizotinib TKI or more than one ROS1 TKI. The 

recommended phase II dose for lorlatinib was 100 mg orally once daily. In the TKI-naïve 

group, 13 (62%; 95% CI, 38% to 82%) out of 21 patients had objective responses as 

assessed by independent central radiology review. In the group previously treated with 

crizotinib as the only TKI, 14 (35%; 95% CI, 21% to 52%) out of 40 patients had objective 

responses. Intracranial response rate, a co-primary end point, was 64% (95% CI, 31% to 

89%) in TKI-naïve patients with baseline brain metastases; and 50% (95% CI, 29% to 71%) 

in prior crizotinib-only treated patients with baseline brain metastases. Median time to 

intracranial progression for all patients in both groups was not reached, further supporting 

CNS-penetrance and intracranial activity of lorlatinib. Median PFS in TKI-naïve patients 

and prior crizotinib-only treated groups was 21 months (95% CI, 4.2 to 31.9 months) and 8.5 

months (95% CI, 4.7 to 15.2 months), respectively. These data supported the role of 
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lorlatinib in crizotinib-resistant disease, albeit with a lower efficacy compared to TKI-naïve 

patients.

Adverse events were common with lorlatinib, with 96% patients experiencing at least one 

TRAE. The most common grade 1–2 adverse events were: hypercholesterolemia (65% of 

patients), hypertriglyceridemia (42%), peripheral edema (39%), peripheral neuropathy 

(35%), cognitive effects (cluster of symptoms including impairment of verbal learning, 

psychomotor function, attention or memory; 26%), weight gain (16%), and mood effects 

(cluster of symptoms including depression; 16%). Grade 3 and 4 adverse reactions occurred 

in 43% and 6% patients, respectively, with the most common being hypertriglyceridemia, 

hypercholesterolemia, and weight gain. Serious TRAEs were seen in 7% of patients, while 

drug discontinuation due to TRAEs was needed in 1% patients. A clinical practice guideline 

generated with expert consensus opinion based on experience with ALK-rearranged NSCLC 

provides practical information on management of adverse events associated with lorlatinib 

(38). Most patients require at least one lipid-lowering agent, which should be chosen taking 

drug-drug interactions into account due to the effect of lorlatinib on CYP450 enzymes. Most 

adverse events can be managed with treatment interruptions and dose reductions, as was 

done with case III. Permanent discontinuations were required in only 1–2% patients.

Resistance mechanisms to lorlatinib have been previously characterized in ALK-rearranged 

NSCLC (39–42). Molecular profiling of baseline tumor tissue and plasma samples to 

identify biomarkers of drug response in ROS1 fusion-positive NSCLC was performed for at 

least one sample type in 68 patients in the above-mentioned phase I/II study (36). As 

expected, no ROS1 resistance mutations were detected in baseline samples in TKI-naïve 

patients. Among patients previously treated with any TKIs, ROS1 mutations were detected 

in 15% (6/41) of patients in plasma and 24% (5/24) of patients in de novo tumor specimens 

at baseline. These mutations included ROS1-G2032R, L2026M, S1986F, and K1991E. 

Durable PRs were seen with lorlatinib in one patient each with acquired K1991E and 

S1986F resistance mutations. However, none (0%) of the six patients with tumors harboring 

the most common acquired ROS1-G2032R, experienced an objective response. Stable 

disease (range, 2.9 to 9.6 months) was seen as the best response in five patients. This 

suggests limited potency of lorlatinib against ROS1-G2032R SFM and is in contrast to the 

activity of lorlatinib seen with the ALK-G1202R SFM (43). However, the numbers of 

patients with resistance mutations in this analysis was too limited to allow any definitive 

conclusions at this time, and further studies are warranted to explore “on-target” and “off-

target” mechanisms of resistance to lorlatinib.

Conclusions and future directions

The therapeutic landscape for management of advanced ROS1 fusion-positive NSCLC 

continues to evolve with improvements in understanding of innate/acquired resistance 

mechanisms and optimization of drug pharmacokinetics, thus permitting rational drug 

design of next generation TKIs. We have discussed here the literature supporting the current 

on-label use of crizotinib and entrectinib, as well as off-label use of lorlatinib in real-world 

settings. Figure 2 illustrates our approach to selection of first and later-line treatment options 

in advanced ROS1-rearranged (fusion-positive) NSCLC. The choice between crizotinib and 
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entrectinib for first-line therapy depends on the presence of intracranial metastases and the 

availability of these TKIs in a given health care system (Figure 2).

For second-line therapy, we recommend either lorlatinib (particularly if crizotinib/entrectinib 

resistance is mediated by on-target resistance other than ROS1-G2032R mutation) or clinical 

trial with an in-development or novel agent (44–48) (particularly in the presence of the 

ROS1-G2032R mutation) if crizotinib or entrectinib were administered in the first line 

setting (Figure 2).

Once all targeted therapeutic approaches have been exhausted, we recommend use of 

platinum-doublet chemotherapy, particularly pemetrexed-based schemes in these cases of 

predominantly lung adenocarcinoma histology. Platinum-pemetrexed has been associated 

with high ORR (40–60%) in multiple retrospective studies of ROS1-rearranged NSCLC 

(49–51). The role of immune checkpoint inhibitors (ICIs) in the TKI-resistant setting—

either as monotherapy or in combination with chemotherapy-remains to be determined, with 

some series showing limited activity of ICIs in these patients with low smoking exposure 

(52,53). If histologic transformation to small cell lung carcinoma is detected, we would 

recommend consideration of platinum-etoposide +/− ICI (Figure 2).

Other ROS1 inhibitors such as repotrectinib and DS-6051b have shown promising activity 

(46,48), while others appear to have limited efficacy or unacceptable toxicities. Cabozantinib 

demonstrated preclinical activity against both ROS1 G2032R and D2033N mutations (54). 

However, its toxicity profile (palmar-plantar dysesthesia, gastro-intestinal adverse events, 

hypertension, fatigue, and anorexia) and absent clinical efficacy against ROS1-G2032R 

mutation have hampered its further development in this setting (55). Ceritinib and brigatinib 

appear to be active in TKI-naïve patients and in those with ROS1-L2026M mutations, but 

not amongst patients with ROS1-G2032R, D2033N, L1951N, or S1986Y mutations 

(2,7,17,44). None of these TKIs have yet garnered regulatory approval for regular use 

outside of clinical trials. This may change in the next few years with demonstration of 

activity of newer generation inhibitors—repotrectinib and DS-6051b—against the most 

common acquired solvent front ROS1-G2032R mutation in the preclinical models and 

proof-of-concept case report from the phase I/II clinical trial of repotrectinib 

(NCT03093116) (45–48).

In summary, ROS1-rearranged NSCLC is a bona fide subgroup of lung cancer in which 

rational use of systemic therapies (mostly in the form of oral multitargeted ROS1 TKIs) can 

lead to prolonged periods of survival for the majority of cases.
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Figure 1. 
Cases of advanced ROS1-rearranged (fusion-positive) non-small-cell lung cancer (NSCLC). 

Case I: on-label crizotinib; Case II: on-label first line entrectinib, Case III: off-label second 

line lorlatinib. Representative imaging studies [either computed tomography (CT) of chest or 

fusion PET-CT scans] are shown. The genomic ROS1 aberration and duration of response 

are indicated, when available. TKI, tyrosine kinase inhibitor.
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Figure 2. 
Management approach for advanced ROS1-rearranged (fusion-positive) non-small-cell lung 

cancer (NSCLC). TKI, tyrosine kinase inhibitor; cfDNA, circulating free DNA; ICI, immune 

checkpoint inhibitor. *, not preferred and to be used only if other options are not available; 

must involve multidisciplinary care with neuro-oncology and radiation oncology; **, 

sensitivity of individual cfDNA next-generation sequencing assay for detection of mutations, 

fusions and amplifications should be considered.
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