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Introduction

In the last decade several molecular events, including 
gene mutations, gene copy-number alterations, and gene 
rearrangements have been discovered in small fractions 
of lung adenocarcinomas, dramatically improving patient 
treatment and long-term outcomes (1). In EGFR- or 
ALK-addicted NSCLC targeted therapies are extending 
survival with medians ranging between 3–5 years (2-4).  
Identification of ROS1 gene rearrangements further 

reinforced the role of targeted therapies in lung cancer (5,6). 
The ROS1 fusion gene is detected in approximately 2% of 
patients with NSCLC and is associated with specific clinical 
and pathological features, including young age, absent or 
minimal smoking history, predisposition to thromboembolic 
events, and adenocarcinoma histology (5-8). However, such 
clinical features do not properly select patients for ROS1 
inhibitors (ROS1-Is) and, consequently, molecular testing is 
mandatory (9-12). Despite current guidelines recommend 
to test ROS1 rearrangements at diagnosis of advanced 
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disease, access to molecular testing and consequently to 
ROS1-Is remains suboptimal, as recently reported in a 
large patient-designed study (13). From a molecular point 
of view, ROS1 and ALK share a high degree of homology 
in their tyrosine kinase (TK) domains, thus suggesting 
that some ALK TK inhibitors (TKIs), such as crizotinib, 
may also inhibit ROS1 and preclinical models and clinical 
data confirmed this hypothesis (14,15). In 2014, Shaw et al. 
published results of PROFILE 1001, in which crizotinib 
was offered to chemopretreated ROS1 positive NSCLC (16). 
Two-third of subjects obtained a reduction in their tumors 
and disease progression occurred in median after more than 
19 months (16). Since then, a number of retrospective and 
prospective trials (17-21) of crizotinib have been conducted, 
thus providing additional data on its efficacy against such 
targeted population. At present crizotinib has a well-
established role in the treatment of ROS1-positive NSCLC 
and is available worldwide. Unfortunately, no patient 
obtained a definitive cure and the majority of patients 
become refractory to crizotinib due to the emergence of 
acquired resistance, mainly sustained by the occurrence of 
acquired mutations or intracranial progression, highlighting 
once again the inadequate CNS drug penetration (6,22,23). 
In order to overcome these limitations, novel and more 
potent ROS1 inhibitors have been designed and recent 
available data are showing encouraging results in crizotinib 
pretreated as well as in naïve patients (24-28).

Aim of this review is to review current and future 
options for front line treatment of ROS1 positive NSCLC. 
We present the following article in accordance with the 
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/tlcr-20-1109).

Crizotinib 

Table 1 summarize results of different trials of crizotinib 
in ROS1 rearranged advanced NSCLC. Notably, all 
these studies were conducted in patients pretreated with 
chemotherapy but naïve for ROS1 or ALK TKIs. 

The first evidence of crizotinib efficacy in ROS1 
addicted NSCLC derived from an expansion cohort of the 
PROFILE 1001, a multi-cohort, phase I study, originally 
designed to test the activity and safety of crizotinib in ALK 
rearranged NSCLC (31). Further, the trial was amended to 
include an expansion cohort of ROS1 positive NSCLC (16),  
based on in vitro results showing a marked inhibitory 
activity of the drug against this target (15,32). ROS1 cohort 
included 53 patients previously exposed to a median of two 
lines of therapy. After an additional follow-up of 3 years, 
update results reported a response rate (RR) of 72%, with 
a median duration of response (DoR) of 24.7 months, and 
median progression-free survival (mPFS) of 19.3 months. 
Treatment with crizotinib also associated with a median 
overall survival (mOS) of 51.4 months, with more than 50% 
of patients alive at 48 months (30). The safety profile did 
not differ to that seen in the ALK-positive patients. Most 
common grade 1 and 2 treatment related adverse events 
(TRAEs) including nausea, vomiting, edema, diarrhea, 
and visual disorders, occurring in up to 85% of patients. 
Grade 3 AEs were hypophosphatemia, neutropenia and 
transaminases elevation, each occurring in less than 15% 
of cases, whereas grade 4 AEs were not reported. Notably, 
responses were reported irrespective of previous lines of 
therapy, percentage of ROS1-rearranged cells or fusion 
partners (16,30). The favorable impact of crizotinib in the 

Table 1 Summary of trials with crizotinib in advanced ROS1 rearranged NSCLC

Trial No. Region
Pretreated 

Pts (%)
ROS1 test

ORR 
(%)

mPFS, 
months

mOS, 
months

1 y-S 
rate (%)

Profile¶, ph. I (16) 53 World 86 FISH/rtPCR 72 19.3 51.4 79

OxOnc, ph. II (17) 127 East Asia 81 rtPCR 72 15.9 32.5 83

EUCROSS, ph. II (18) 34 Spain/Germany 79 FISH 73 20.0 NR 83

AcSè, basket (19) 37 France 97 IHC/FISH 54 5.5 17.2 NR

METROS*, Ph. II (20) 64 Italy 94 FISH 67 16.5 40.0 75

EUROS1, retrospective (21) 32 Europe 97 FISH/IHC/NGS 80 9.1 NR NR
¶, updated results (29); *, expansion cohort (30). FISH, fluorescent in situ hybridization; rtPCR, real-time polymerase chain reaction; IHC, 
objective response rate; mPFS, median progression-free survival; 1 y-PFS rate, progression free survival overall survival; 1 y-S rate; 
survival rate at 1 year. NR, not reached. 

http://dx.doi.org/10.21037/tlcr-20-1109
http://dx.doi.org/10.21037/tlcr-20-1109


2688 Landi and Cappuzzo. Front-line treatment for advanced ROS1 positive NSCLC

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2020;9(6):2686-2695 | http://dx.doi.org/10.21037/tlcr-20-1109

course of the disease coupled with a favorable safety profile, 
led to its worldwide approval in such population. 

Beyond PROFILE 1001, a number of phase II and 
retrospective studies were conducted in similar populations, 
thus reinforcing the role of crizotinib in the treatment of 
ROS1 positive NSCLC (17-21). The East Asian OxOnc 
was the first and largest phase II trial of crizotinib in 
ROS1 positive NSCLC patients, detected by real-time 
polymerase-chain reaction (17). Among 127 patients, 23 had 
brain metastases (BMs) at baseline. Responses, observed in 
72% of subjects, occurred rapidly (median time to objective 
response 1.9 months) and were durable (median DoR was 
19.7 months). Neither presence of BMs nor number of 
prior chemotherapy lines or clinical characteristics (age, 
sex, smoking status or performance status) impacted on the 
clinical benefit. Median PFS was 15.9 months and 86% 
of patients were alive at 1 year. Importantly, treatment 
with crizotinib improved most of lung cancer–related 
symptoms and quality of life. Based on these findings, 
crizotinib gained approval for the treatment of ROS1-
positive NSCLC in Japan, Taiwan, Korea, and China in 
2017. The EUCROSS, a study done by the Lung Cancer 
Group and the Spanish Lung Cancer Group, enrolled 34 
patients (18). Results were comparable with those reported 
in the PROFILE 1001 and in the OxOnc trials, with RR 
of 70% and median PFS was 20.0 months. Interestingly, 
this study included a translational part in which a complete 
molecular profile of tumor samples collected at baseline was 
performed. Co-occurrence of additional genetic aberrations 
was found in 61% of patients, with TP53 mutations being 
the most frequent event (25%). TP53-mutant/ROS1 co-
altered patients progressed earlier when compared to TP53 
wild-type/ROS1 individuals (7.0 months versus 24.1 months, 
P=0.022). However, due to the small sample size, this 
finding must be interpreted with caution and do not allow 
to exclude any patients from treatment. The French AcSé 
phase II study, was intended to guarantee controlled access 
to crizotinib to patients potentially benefiting from the drug, 
such as ALK, ROS1, or MET deregulated NSCLC (19).  
The ROS1 cohort included 37 patients, of which one 
resulted not evaluable for response. Even if RR was in line 
with other studies (69%), median PFS was only 5.5 months 
and median OS was 17.2 months. However, differences 
in patient selection might account for different outcome. 
Indeed, in the AcSé, a quarter of patients had impaired 
clinical condition (ECOG PS2). The Italian METROS 
study aimed at investigating the activity of crizotinib 
in patients harboring MET deregulations or ROS1 

rearrangements (20). In the ROS1 cohort, including 26 
patients, RR was 65%, with an overall disease control rate 
(DCR) of 85%. With a median follow-up of 21 months, 
median PFS was 22.8 months, whereas median OS was 
not reached. In addition, approximately 80% of subjects 
had the chance to be alive at 1 year. Six patients had BMs 
at study entry, and two received prior brain radiotherapy. 
Responses were observed in two cases, whereas the others 
obtained stabilization of their intracranial lesions. Based 
on these evidences the study was further emended to 
include additional patients and updated results confirmed 
the meaningful clinical benefit of treatment (30). Finally, a 
retrospective study conducted in several European countries 
evaluated the outcome of ROS1 positive NSCLC who 
received off-label crizotinib. Among 32 patients, RR and 
DCR were 80% and 86%, respectively, whereas mPFS 
ranged 9 months, thus confirming the benefit of crizotinib 
even in real life population (21).

Basics of acquired resistance to crizotinib 

Conventionally, mechanisms underlying acquired resistance 
to a target agent belong to two main categories. The 
first group, also known as target dependent or on-target 
mechanisms, involves point mutations in the kinase domain 
of the receptor. It was in 2013 that Awad et al. firstly 
reported a case of a patient with CD74-ROS1 rearranged 
NSCLC who failed crizotinib due to the occurrence of a 
secondary mutation leading to a substitution at codon 2032 
in the ROS1 kinase domain (G2032R) (33). Similar to the 
G1202R ALK, this mutation is located in the solvent front of 
the kinase domain, thus causing a steric interference within 
the binding site (34). Interestingly, the same mutation was 
detected in all disease sites, supporting the hypothesis of 
an early clonal event. Subsequent studies demonstrated 
that acquired mutations are responsible for more than 
50% of crizotinib failure, with the G2032R being the most 
frequent (6,22,25,26). Another mutation, analogous to the 
ALK D1203N, located in the solvent front is the D2033N 
which affects the ATP-binding pocket (35). Additional 
mutations reported in clinical samples are the S1986Y/F, 
the gatekeeper L2026M, the L1951R, with other recently 
described (25,26). 

The second category, also named as non-target-
dependent or off-target, involves activation of other 
pathways. However, in crizotinib resistant ROS1 NSCLC 
this group seems less represented than in other oncogene 
addicted populations (6,22,23). Finally, half of patients 
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progresses by developing intracranial disease (23). This 
phenomenon is related to the limited blood-brain barrier 
penetration of crizotinib and represents a pharmacokinetic 
failure rather than a molecular resistance, as indicated by the 
absence of resistance mutations in brain tissue specimens 
(6,23).

These considerations pointed out the need of more 
potent and brain penetrant agents. 

Other ROS1 inhibitors 

Beyond crizotinib, other ROS1 inhibitors have been 
evaluated or are under investigations for the treatment of 
ROS1 addicted disease, in both ROS1 TKIs untreated or 
pretreated settings. Table 2 summarizes the results of these 
agents in ROS1 TKIs naïve patients. 

Ceritinib 

Ceritinib is an oral, highly potent, and selective second 
generation ALK- and ROS1-inhibitor with a greater 
preclinical antitumor potency than crizotinib (37). In 
addition, the drug demonstrated in vitro inhibitory activity 
against the gatekeeper ROS1 L2026M mutation (38). 
The potential role of ceritinib against ROS1 rearranged 
NSCLC has been evaluated in a phase II trial conducted in 
32 chemotherapy-pretreated Korean patients (24). Briefly, 
patients had a median age of approximately 60 years and 
most were female, never smokers and pretreated with three 
or more lines of chemotherapy. Asymptomatic or controlled 
BMs at baseline were detected in 8 patients. Interestingly, 
the original design of the trial allowed the enrollment 
of both crizotinib-pretreated and naïve individuals. 
However, given the lack of activity of ceritinib in the 
two crizotinib-refractory cases, the protocol was further 

restricted to crizotinib naïve only patients. Excluding the 
two aforementioned patients, RR and DCR were 67% and 
87% respectively. Median PFS was 19.3 months, with a 
median DoR of 21 months, in line with results produced by 
crizotinib in the ROS1 cohort of PROFILE 001 trial (16).  
Among patients with BMs, two had measurable- and 6 
had non-measurable disease; intracranial RR was 25%. As 
already reported for ALK positive patients enrolled in the 
ASCEND programs, the drug safety profile emerged as a 
major limitation (39). Approximately a quarter of patients 
experienced a serious AE, with grade 3–4 AEs occurring 
in 37% of cases. In addition, the majority of patients had 
grade 1–2 events, including diarrhea (78%), nausea (59%), 
anorexia (56%) and increased levels of creatinine and 
aminotransferases (30–40%). 

Lorlatinib

Lorlatinib is a selective, orally-administered, third 
generation TKI directed against  ALK and ROS1 
rearranged proteins and specifically designed to cross the 
blood-brain barrier (40). In preclinical models, lorlatinib 
potently inhibits ROS1 and retains activity against different 
ROS1 resistance mutations (41-43). So far, two prospective 
studies have evaluated the drug in patients with ROS1-
positive NSCLC (25,26). In the global phase I/II, daily 
lorlatinib 100 mg was given to ROS1 positive patients 
who were ROS1-TKIs naïve or who failed one or more 
ROS1 targeted agents. Primary endpoints were systemic 
and intracranial RR as centrally reviewed. Overall, 69 
subjects were included. Of them, 21 were TKI-naïve 
and 48 were pretreated, with crizotinib being the most 
frequent ROS1 TKI previously taken. In TKI-naïve group, 
systemic and intracranial RR were similar (62% and 64%), 
extracranial DoR exceeded 25 months, while in the brain 

Table 2 Activity of other ROS1 inhibitors in TKIs naïve ROS1 positive NSCLC

Drug Ph. No.
Presence of BMs 
at baseline (No.)

ORR 
(%)

mDoR, 
months

iRR (%)
mPFS, 
months

mOS, 
months

Ceritinib (24) II 28¶ 8 62 21.0 25 19.3 24

Lorlatinib (25) I/II 21 11 62 25.3 64 21.0 NR

Entrectinib (27) Integrated analysis§ 53 20 77 24.6 55 19.0 NE

Repotrectinib* (28) I 11 3 91 NR 100 nr nr
¶, excluding 2 crizotinib-pretreated patients; §, pooled analysis of ph. I and II ALKA-372-001, STARTRK-1 and STARTRK-2; *, updated 
results (36); BMs, brain metastases; ORR, objective response rate; mDoR, median duration of response; iRR, intracranial response rate; 
mPFS, median progression-free survival; mOS, median overall survival; NR, not reached; nr, not reported; NE, not estimable.
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was not reached and mPSF was 21.0 months. In crizotinib 
pretreated group, systemic response was 35%, median DoR 
approximately 14 months and median PFS 8.5 months. 
Intracranial RR was 50%, with a median DoR not yet 
reached. For all patients, molecular profile was assessed 
in tissue or plasma specimens collected at baseline and 
during treatment. No mutations were found in cell-free 
DNA (cfDNA) or tissue samples from TKI naïve patients. 
Conversely, in pretreated patients, ROS1 mutations were 
detected in 15% of cfDNA samples, including G2032R 
(4 cases), L2026M (1 case) and L2026M plus I2025I  
(1 case), and in 24% of tissues, including G2032R (2 cases), 
L2026M (1 case), S1986P (1 case) and L1991G (1 case). 
No responses were observed in patients harboring the 
G2032R. Safety profile of the drug was consistent with 
the one reported in ALK positive NSCLC patients (44), 
with hypertriglyceridaemia and hypercholesterolaemia 
as the most common grade 3–4 TRAES. Main grade 1–2 
TRAEs (occurring in at least 10% of cases) consisted in 
hypertriglyceridaemia, hypercholesterolaemia, peripheral 
edema, neuropathy, cognitive effects, weight increase, mood 
effects and fatigue. 

The second trial, the Italian PFROST, aimed to 
investigate the activity of lorlatinib in the crizotinib-
refractory setting only (26). Twenty-two patients received 
lorlatinib 100 mg daily until progression. Most patients 
were female (63%), never smokers (59%), with BMs (68%) 
and received lorlatinib as third line therapy (72%). Efficacy 
results mirrored those reported in the Phase I/II done by 
Shaw et al. (25), in terms of RR, intracranial RR and mPFS 
(40.9%, 57% and 8.9 months, respectively). In order to 
define potential mechanisms responsible for lorlatinib 
sensitivity, pre-lorlatinib tumor tissues or plasma samples 
were prospectively collected. Secondary ROS1 mutations 
were identified in five specimens collected at baseline, 
including 3 G2032R and 2 novel mutations, S1861I and 
V2054A, each occurring in 1 case. Of note, no patient with 
the G2032R mutation responded. 

Taking into account, these data support the use of 
lorlatinib as next-line targeted agent in patients who failed 
crizotinib, particularly in the absence of acquired G2032R 
mutation. Although Food and Drug Administration (FDA) 
did not approve lorlatinib for ROS1+ NSCLC patients, the 
2019 National Comprehensive Cancer Network (NCCN) 
guidelines recommend its use in patients who progressed 
after crizotinib or ceritinib (45). In addition, lorlatinib 
showed promising activity even in TKI-naïve advanced 
ROS1-positive NSCLC. 

Entrectinib 

Entrectinib is a multikinase inhibitor of the tropomyosin 
receptor tyrosine kinases TRKA, TRKB, and TRKC 
(encoded by NTRK1, NTRK2, and NTRK3 genes), ROS1 
and ALK (46-48). In ROS1 driven models, entrectinib 
results 40 times more potent than crizotinib and it has high 
brain penetrance, resulting in a marked activity in orthotopic 
CNS xenografts that harbor the typical fusion targets of the 
drug (48). For such reasons, entrectinib could be particularly 
effective in ROS1 rearranged NSCLC. Efficacy data on 
entrectinib in such population come from an integrated 
analysis of patients enrolled in three single-arm trials, 
ALKA-372-001, STARTRK-1, and STARTRK-2 (27).  
Overall, 53 patients pretreated with prior platinum-based 
chemotherapy or progressed in less than 6 months after 
adjuvant or neoadjuvant therapy, received entrectinib at 
the dose of at least 600 mg once daily. Baseline patient 
characteristics were typical for a ROS1 addicted population, 
as the majority of them were female, never smokers, with 
a median age of 53 years. Moreover, BMs were reported 
in 43% of patients and were mainly untreated (no prior 
radiotherapy, 65%). ORR by blinded independent central 
review was 77%, including a 6% of complete response. 
Responses were durable, with DoR of more than 24 months 
and mPFS reached 21 months. Among patients without 
BMs, systemic RR was 80% and DoR and mPFS were 24.6 
and 24.3 months respectively. Among patients with CNS 
metastases, systemic RR was 74%, iRR 55% and mPFS 
was 13.6 months. At data cut off, median survival was not 
estimable, with 82% of individuals alive at 18 months. 
One-hundred and thirty-four patients who received at least 
one dose of entrectinib accounted for the safety-evaluable 
population. Fifty-nine and 34% of patients experienced a 
grade 1/2 or grade3/4 TRAEs, these latter including weight 
gain (8%) and neutropenia (4%). Serious TRAEs occurred 
in 11% of cases and were mainly nervous system (3%) and 
cardiac disorders (2%). 

Based on these results, entrectinib granted both FDA 
[2019] and European Medicine Agency (EMA, 2020) 
approval as monotherapy for the treatment of adult patients 
with advanced ROS1 fusion-positive NSCLC not previously 
treated with ROS1 inhibitors.

Repotrectinib 

Repotrectinib is a small, macrocyclic tyrosine kinase 
inhibitor of ROS1, TRK and ALK. Due to its rigid three-
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dimensional structure, it precisely binds the ATP binding 
pocket of the kinase and avoids steric interference from 
a variety of clinically resistant mutations, especially the 
solvent-front ROS1 G2032R (49,50). Its activity against 
ROS1- and NTRK-positive was initially tested in the Phase 
I part of the TRIDENT-1 trial, where TKI untreated 
(N=11) or pretreated (N=29) ROS1 positive NSCLC 
received repotrectinib at 9 dose levels (40 mg QD to 160 
BID). Overall the drug was well tolerated. Most common 
(occurring in >20% of patients) AEs were of grade 1 or 2 
and included: dizziness, dyspnea, dysgeusia, paresthesia, 
fatigue, constipation, anemia, nausea and cough. Dose-
limiting toxicities included grade 2–3 dizziness in 3 
cases and grade 3 dyspnea and hypoxia in 1 case. The 
recommended phase 2 dose was established at 160 mg 
BID (28,36). In untreated patients, RR was 91%, with 
65% maintaining response at ≥18 months. An encouraging 
intracranial activity was reported, with all the three patients 
with BMs at baseline obtaining response. Pretreated cohort 
included patients pretreated with up to 3 TKIs. In the small 
group of crizotinib refractory individuals (N=11), responses 
exceeded 50%. Interestingly, among the 7 patients 
harboring the G2032R, 3 responded (36). According to 
these findings, FDA granted two Fast-Track designation for 
ROS1-positive advanced NSCLC patients, first for patients 
with one prior line of platinum-based chemotherapy and 
one prior ROS1 TKI [2019], and second for patients 
without prior ROS1 TKI treatment [2020]. Currently, the 
global phase II portion of TRIDENT-1 is ongoing and 
advanced ROS1 NSCLC are enrolled in four different 
expansion cohorts depending on the status of previous 
treatment with TKIs (Exp 1: ROS1 TKI-naïve, N=55; Exp 
2: 1 prior ROS1 TKI and 1 platinum-based chemotherapy, 
N=100; Exp 3: 2 prior ROS1 TKIs and 1 platinum-based 
chemotherapy, N=40; Exp 4: 1 prior ROS1 TKI and no 1 
platinum-based chemotherapy or immunotherapy) (36).

Discussion 

Treatment of ROS1 rearranged NSCLC is rapidly 
changing, with effective drugs already available or ready 
to enter into clinical practice. In the last few years we have 
learned that (I) ROS1 positive lung cancer patients are 
limited in number, but their therapeutic journey could be 
extremely long (II) even if rare in frequency, there is no 
valid reason to preclude ROS1 testing to any of our patients 
(III) ROS1 inhibitors demonstrated efficacy irrespective of 
fusion partner and line of treatment and (IV) the relatively 

rarity of the event limits the possibility to conduct large 
randomized head-to-head comparative trials. With this in 
mind and considering only data produced in clinical trials 
and not regulatory indications, how to select which drug use 
first and which in the next line remains a major challenge in 
thoracic oncology.

At present, four drugs have been tested in front-line 
treatment: crizotinib, ceritinib, lorlatinib, entrectinib and 
repotrectinib (16,24-28). Even if a comparable activity to 
crizotinib in TKIs naïve patients has been observed, the role 
of ceritinib in the treatment of ROS1 rearranged NSCLC 
is limited and mainly affected by the unfavorable safety 
profile, at least when used at the daily dose of 750 mg.  
Moreover, no data supporting its use even at the time of 
crizotinib failure (24). 

Crizotinib still remains a good front line option and 
robust data from several trials including more than three-
hundreds patients confirmed the substantial clinical benefit 
produced by this agent (16-21). Most importantly, mature 
data of the PROFILE 1001 showed for the first time that 
crizotinib prolonged survival of ROS1 patients, with median 
OS exceeding 4 years (29). However, even if none of the 
available studies specifically addressed the effective impact 
of crizotinib against BMs, there is a general consensus in 
considering brain failure as the Achilles heel of the drug 
(6,23). Despite this, recent evidences support the efficacy 
of new generation and brain penetrant ROS1 TKIs in the 
crizotinib refractory setting or in other words support a 
sequential strategy (25,26,28). From a practical point of 
view, evidence of acquired ROS1 mutations at crizotinib 
failure underline the retained ROS1 dependency of the 
disease, offering the potential to switch to another ROS1 
TKIs. Indeed, lorlatinib and repotrectinib seemed to have 
the potential of controlling systemic and CNS lesions at 
the time of crizotinib failure (RR 35–57%, intracranial 
RR 53–75%) (25,26,28). Furthermore, preliminary results 
of TRIDENT-1 suggested that repotrectinib could be 
effective in presence of the G2032R mutation (28,50), but 
confirmatory data are needed. 

From another perspective, the availability of more 
potent ROS1 inhibitors, such as entrectinib, lorlatinib 
or repotrectinib, raises the question whether their use in 
frontline setting could produce a more durable benefit, 
thus delaying resistance and preventing metastatic spread 
within the brain. Assuming as main limitations differences 
in study design, sample size and maturity of data, all the 
three competitors, produced similar outcomes in TKI 
naïve populations in terms of systemic and intracranial 
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response with encouraging PFS and manageable safety 
profile (25-28,36). 

 Based on combined results of three separate trials, 
entrectinib recently gained approval by FDA and EMA 
for front line treatment of ROS1 advanced NSCLC and 
is replacing crizotinib in our daily practice. This agent 
produced durable benefit and appeared particularly effective 
in controlling BMs. Overall survival data are not yet 
mature, thus precluding to define the impact of entrectinib 
in long term survival. In addition, one of the future critical 
issue will concern the management of entrectinib-resistant 
cases. In the aforementioned trials, post-progression 
biopsies were not mandatory, consequently the molecular 
picture of acquired resistance to entrectinib is not defined. 
As mutations within the ROS1 kinase domain are the 
main mechanisms of resistance, reported in up to 50% 
of crizotinib-resistant samples (6,22), it is reasonable to 
expect similar findings in entrectinib-resistant clones. 
On this base, we could consider another new generation 
TKIs such as lorlatinib or repotrectinib, even at the time 
of entrectinib failure. However, lessons learned from 
EGFR mutant NSCLC indicate that, when we use a more 
potent inhibitor in front line, by-pass signals can occur as 
dominant mechanisms of resistance. Indeed, a consistent 
fraction of osimertinib resistant patients display MET 
amplification, thus limiting the possibility of EGFR TKIs 
sequencing (51). Recently, Ku et al. attempted to identify 
the molecular basis of acquired resistance to entrectinib 
in ROS1-rearranged HCC78 cells (52). Interestingly, at 
NGS analysis no secondary ROS1 mutations were detected, 
whereas KRAS G12C and amplification of KRAS and FGF3 
genes emerged as potential mechanisms of resistance. This 
data suggests a different binding characteristic between 
crizotinib and entrectinib and consequently, a different 
pattern of resistance. Molecular profiling done on repeated 
biopsy in patients who progressed on entrectinib will 
be crucial to define acquired resistance mechanisms and 
design the optimal sequential strategy. Beyond entrectinib 
the other NTRK/ROS1/ALK inhibitor, repotrectinib is 
emerging as an effective front-line option and final results 
of the ongoing phase II part of the TRIDENT-1 will define 
its place in therapy (28,36).

In conclusion, patients with ROS1 rearrangement have 
now a long-term survival chance highlighting the relevance 
for ROS1 testing. In oncogene driven context, we are 
used to consider the most effective drug first. Crizotinib 
and entrectinib are two excellent front-line options and 
additional data are needed to establish the superiority of a 

drug over the other. In addition, other agents are showing 
promising activity in the same setting. Unfortunately, 
acquired resistance inevitably occurs and second-line space 
need to be filled before suturing the one in the previous 
line. We hope that in the next years, a growing amount 
of clinical and translation data will help us to define the 
optimal management of ROS1 addicted NSCLC.
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