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Abstract: During the last several years, multiple gene rearrangements with oncogenic potential have 
been described in NSCLC, identifying specific clinic-pathological subgroups of patients that benefit from a 
targeted therapeutic approach, including anaplastic lymphoma kinase (ALK), c-ros protooncogene 1 (ROS1) and, 
more recently, REarranged during Transfection (RET) and neurotrophic tyrosine receptor kinases (NTRK) genes. 
Despite initial impressive antitumor activity, the use of targeted therapies in oncogene-addicted NSCLC 
subgroups is invariably associated with the development of acquired resistance through multiple mechanisms 
that can include both on-target and off-target mechanisms. However, the process of acquired resistance is 
a rapidly evolving clinical scenario that constantly evolves under the selective pressure of tyrosine kinase 
inhibitors. The development of increasingly higher selective and potent inhibitors, traditionally used to 
overcome resistance to first generation inhibitors, is associated with the development of novel mechanisms 
of resistance that encompass complex resistance mutations, highly recalcitrant to available TKIs, and 
bypass track mechanisms. Herein, we provide a comprehensive overview on the therapeutic strategies for 
overcoming acquired resistance to tyrosine kinase inhibitors (TKIs) targeting the most well-established 
oncogenic gene fusions in advanced NSCLC, including ALK, ROS1, RET, and NTRK rearrangements.
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Introduction

The impressive technological progress made in molecular 
biology during the last two decades and the widespread 
adoption of  next  generat ion sequencing led to a 

paradigmatic shift in most solid tumors, including non-small 
cell lung cancer (NSCLC), moving from a large indistinct 
histological entity to a constellation of low-frequent 
molecularly-defined subgroups of patients. Oncogenic 
gene fusions were initially described in hematological 
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tumors and result from chromosomal inversion, interstitial 
deletions, duplications, and translocations (1,2). During 
the last several years, multiple gene rearrangements with 
oncogenic potential have been described in NSCLC, 
identifying specific clinic-pathological subgroups of patients 
that benefit from a targeted therapeutic approach, including 
anaplastic lymphoma kinase (ALK), c-ros protooncogene 1 (ROS1) 
and, more recently, REarranged during Transfection (RET) 
and neurotrophic tyrosine receptor kinases (NTRK) genes. 
Beside these, several other gene fusions are emerging as 
potential therapeutic target in NSCLC, such as neuregulin-1 
(NRG1), fibroblast growth factor receptor 3 (FGFR-3), v-Raf 
murine sarcoma viral oncogene homolog B (BRAF), although 
the actionability of these genetic rearrangements is far less 
defined.

Despite initial impressive antitumor activity, the use of 
targeted therapies in oncogene-addicted NSCLC subgroups 
is invariably associated with the development of acquired 
resistance through multiple mechanisms that can include 
both on-target and off-target mechanisms (3). Emergence 
of resistance represents one of the major hurdles for long-
term efficacy of these drugs and several different strategies 
have been implemented or are under active development 
to overcome mechanisms of resistance, including highly 
selective TKIs, targeting by-pass track mechanisms, co-
targeting of upstream and downstream pathways, and 
combinatorial approaches with chemotherapy and/or 
immunotherapy. Herein, we provide a comprehensive 
overview on the therapeutic strategies for overcoming 
acquired resistance to tyrosine kinase inhibitors (TKIs) 
targeting the most well-established oncogenic gene fusions 
in advanced NSCLC, including ALK, ROS1, RET, and 
NTRK rearrangements.

Overcoming resistance to ALK inhibitors

ALK rearrangements are found in ~3–5% of all NSCLCs 
and represent a distinct clinic-pathologic subgroup of 
patients that is associated with high sensitivity to ALK 
TKIs (4). Over the last five years the therapeutic landscape 
of advanced ALK-rearranged NSCLC profoundly changed, 
moving from first generation ALK TKI crizotinib, the first-
in-class ALK inhibitor with proved superiority compared 
with 1st line platinum-based chemotherapy (5,6), followed 
by 2nd generation TKIs that demonstrated higher efficacy 
compared with platinum-based chemotherapy (ceritinib) (7) 
or crizotinib (alectinib and brigatinib) (8-10) in the upfront 
setting in comparative phase III trials. Second generation 

ALK TKIs are associated with longer PFS compared with 
crizotinib in ALK TKI-naïve patients and higher central 
nervous system (CNS) penetration. Therefore, the use 
of 2nd generation ALK TKIs is preferable and alectinib is 
the current standard of care in most of the countries due 
to its more favorable safety profile and wider availability 
(brigatinib is not FDA/EMA approved in treatment-naïve 
patients). Crizotinib is still a valuable first line option, 
mainly in countries where second generation ALK TKIs 
have not approved yet (11).

Distinct patterns of resistance have been identified for 
crizotinib and next generation ALK TKIs (Figure 1), but 
can be recapitulated to two major classes: ALK-dependent 
(on-target) and ALK-independent (off-target) mechanisms. 
Furthermore, in some cases, acquired resistance can be 
associated to pharmacological mechanisms rather than 
biological factors, as in the case of isolated CNS progression 
during crizotinib therapy (12) that is a consequence of the 
poor brain penetration of the drug.

Given the different spectrum and frequency of 
mechanisms of resistance to the various classes of ALK 
TKIs, as a result, therapeutic strategies to overcome 
acquired resistance differ considerably between 1st 

generation and 2nd generation ALK inhibitors. 
Secondary mutations in ALK gene were the first 

mechanism of acquired resistance described in crizotinib-
resistant NSCLC (13) and are approximately found in 
20‒36% of all patients after progression (14-16). In contrast 
with EGFR-mutated NSCLCs progressing on 1st/2nd 

generation EGFR TKIs, where EGFR T790M mutation 
is the most frequent mechanism of AR and other acquired 
mutations are relatively uncommon (17), a multitude of 
ALK secondary mutations have been described and include 
L1196M, C1156Y, G1269A, S1206Y/C, G1202R, L1152R, 
F1171T, F1174V/L/C, I1171T/N/S, E1210K, and 1151T 
ins (13-16,18). The presence of de novo ALK kinase domain 
mutations is instead relatively uncommon in ALK TKI-
naïve patients (<3% of the cases) and might be responsible 
of intrinsic resistance to crizotinib (19). In addition to ALK 
secondary mutations, acquired resistance to crizotinib is 
also associated with copy number gain (CNG) of the gene 
in a significant proportion of patients (6–18%) either alone 
or in association with ALK mutations (15,16). Crizotinib-
resistant tumors are still highly sensitive to ALK inhibition, 
as demonstrated by the relatively high ORRs (37.5–54%) 
in with 2nd generation ALK TKIs (alectinib, ceritinib, 
ensartinib and brigatinib) in crizotinib pretreated patients 
in multiple phase II/III clinical trials, regardless of the 
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Figure 1 Mechanisms of acquired resistance to crizotinib and 2nd generation ALK TKIs and therapeutic strategies for tackling resistance. 
At disease progression from crizotinib, different patterns of resistance can be observed, including isolated central nervous system (CNS) 
progression disease (PD), due to the limited brain penetration of crizotinib, oligo-progressions and systemic progression. Treatment beyond 
progression disease (BPD) in association with local ablative therapies (radiotherapy, surgery, or other percutaneous treatments) represented 
a common therapeutic option before 2nd generation ALK TKIs entered clinical practice in case of CNS progression, oligo-progression 
and/or in cases with indolent progression. The use of liquid biopsy or tissue re-biopsy after crizotinib failure might be informative for the 
mechanisms of acquired resistance, but is not mandatory given the relatively low prevalence of acquired mutations (mostly non-G1202R 
mutations) and the high response rates of 2nd generation ALK TKIs (~60%) in post-crizotinib setting. The incidence of ALK mutations is 
higher after 2nd generation ALK TKIs, with G1202R as the most prevalent mutation and compound mutations (≥2 mutations) in a significant 
proportion of patients. For these reasons the use of plasma cell free DNA (cfDNA) analysis and/or tissue re-biopsy is highly recommended 
for driving subsequent treatment strategies (Credit: created with BioRender).
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mechanisms of resistance (20-25). For these reasons, after 
crizotinib failure, treatment with 2nd generation ALK TKIs 
could be evaluated independently of a novel tumor genotype 
assessment though tissue re-biopsy and/or liquid biopsy. 

However, the complexity of ALK-dependent mechanisms 
of resistance grows with increasingly potent ALK TKIs, 
since the use of 2nd generation ALK TKIs is associated 
with a higher frequency of ALK secondary mutations  
(~50–70%) and a different spectrum of resistant mutations 
in tissue and/or liquid biopsies. Indeed, the G1202R 
mutation that is relatively uncommon after crizotinib 
progression seems to be the most frequent ALK mutation 
after 2nd generation TKIs (21–43% vs. 2% with crizotinib) 
and confers resistance to most of the available ALK TKIs, 
while other mutations are associated with resistance to 
some 2nd generation ALK TKIs, but are sensitive to others, 
such as the F1174 that confers resistance to ceritinib but 
its sensitive to alectinib, or the I1171 that is associated with 
the inverse sensitivity. In addition, the sequential use of 
different ALK TKIs is associated with the development of 
compound mutations (≥2 mutations) in 12.5–23% of the 
cases, conferring high levels of resistance to ALK inhibitors 
(14,26). The use of liquid biopsy might better recapitulate 
the complexity and dynamics of the mutational status of the 
tumor at progression following 2nd generation ALK TKIs 
than tissue re-biopsy, with a significant discordance in the 
incidence of compound mutations, likely due to the spatial 
heterogeneity of the mechanisms of resistance (26).

The 3rd generation inhibitor lorlatinib is an ATP-
competitive, macrocyclic TKI targeting both ALK and 
ROS1 rearrangements and designed to overcome ALK 
resistance mutations, including G1202R, and higher CNS 
penetration (cerebrospinal fluid-plasma ratio of 0.75 vs. 0.03 
with crizotinib). Lorlatinib showed promising activity in 
41 heavily pretreated ALK-rearranged NSCLC in a phase 
I study, with a 46% ORR (57% after one prior ALK TKI 
and 42% after ≥2 prior ALK TKIs) and a median PFS of 
9.6 months. Activity was seen also in patients with brain 
metastases (intracranial ORR 46%), with higher efficacy 
in patients with secondary ALK mutations than those 
without evidence of mutations (27). These results were 
confirmed in a global phase II study enrolling 278 ALK-
positive patients in five expansion cohorts, including 30 
treatment-naïve patients (EXP1), 27 crizotinib-pretreated 
(EXP2), 32 crizotinib- and chemotherapy-pretreated 
(EXP3A), 28 progressing after a 2nd generation ALK TKI 
and/or chemotherapy (EXP3B), 65 patients treated with 
2 previous ALK TKIs +/- chemotherapy (EXP4), and 

finally 46 patients treated with 3 previous ALK TKIs +/– 
chemotherapy (EXP5) (28). Higher ORR were observed 
in treatment-naïve (ORR 90%) and crizotinib-pretreated 
only patients (ORR 69.5%), while ORR ranged from 
32.1% to 47% in patients who had received a previous 2nd 
generation ALK TKI or up ≥2 previous ALK TKIs and/
or chemotherapy (28). The analysis with NGS of plasma 
and tissue samples from 198 ALK-positive NSCLC 
patients enrolled into the phase II study revealed that 
tumor genotyping for ALK mutations after failure of a 2nd 

generation ALK TKI may identify patients who are more 
likely to derive clinical benefit from lorlatinib, since patients 
harboring an ALK mutation had higher ORR than those 
without detectable mutations in tissue or plasma at baseline 
(62% vs. 32% in cfDNA and 69% vs. 27% in tissue). 
Furthermore, in patients harboring compound mutations 
(~one third of patients) the ORR was inferior than those 
observed in patients with only one ALK mutation (56% vs. 
75%), with a shorter duration of response (DoR) (6.1 vs. 
24.4 months) (29).

The NCI-NRG ALK study (NCT03737994) is a master 
protocol that includes multiple phase II studies that are 
testing different biomarker/ALK inhibitor combinations 
thought the use of tissue and plasma NGS results after 
progression on a next generation ALK TKI after or not 
prior crizotinib. Patients with L1198F mutation (alone or 
in combination with another ALK mutation) will receive 
crizotinib, patients with C1156Y or F1174 mutations will 
receive either lorlatinib, alectinib, or brigatinib, patients 
with a compound mutation will receive lorlatinib, patients 
with G1202 (including G1202del and G1202R) will receive 
either lorlatinib or brigatinib, patients with I1171 or 
V1180 mutations will receive either lorlatinib, ceritinib, 
or brigatinib, patients with L1196 (including L1196M) 
mutation will receive either lorlatinib, ceritinib, alectinib, 
brigatinib, or ensartinib, patients with MET amplification 
will receive crizotinib, and finally patients with no ALK-
resistant mutations will receive either lorlatinib, ceritinib, 
alectinib, brigatinib, ensartinib, or pemetrexed with or 
without carboplatin/cisplatin.

After progression on lorlatinib, multiple compound 
mutations have been described either in preclinical 
models (30) and in clinical settings (26). Some of these 
mutations are particularly recalcitrant and are associated 
with resistance to all currently available ALK TKIs, as 
for example the G1202R/L1196M, whereas others can 
restore the sensitivity to other ALK TKIs, as for instance 
the L1198F mutation that paradoxically enhances binding 
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to crizotinib, negating the effect of the associated C1156Y 
mutation (31). Since the sequential treatment with 
increasingly potent ALK TKIs fosters the emergence 
of compound ALK resistance mutations refractory to 
available ALK TKIs (26,30), the change of position of the 
3rd generation ALK TKI lorlatinib, which has a broader 
spectrum of activity against most of the ALK mutations, 
to the upfront setting might be associated with represent a 
more effective strategy and is under clinical evaluation in 
the randomized phase III trial CROWN (NCT03052608).

In addition to ALK-dependent mechanisms of resistance, 
different off-target mechanisms of acquired resistance 
have been described in crizotinib-resistant patients and 
in preclinical models, including the activation of by-pass 
track signaling pathways, such as KIT amplification (16),  
KRAS mutations (15), EGFR mutation and/or amplification 
(16,32), IGF-1R activation (33), RAS/MEK activation (34), 
and histological (small cell lung cancer transformation) 
and/or phenotypical (epithelial-to-mesenchymal transition) 
changes (16). Due to their higher ALK inhibition potency 
and selectivity, 2nd generation ALK TKIs and lorlatinib are 
more associated also with a different spectrum of ALK-
independent mechanisms of resistance. Recently, MET 
amplification has emerged as a mechanism of acquired 
resistance to 2nd generation ALK TKIs (12%) and 
lorlatinib (22%), but is not evident after crizotinib (0%). 
Furthermore, MET amplification seems more common 
after front-line use of 2nd generation ALK TKIs than after 
sequential use of crizotinib-next generation ALK TKIs 
(P=0.019) (35). These results are similar to those observed 
with EGFR TKIs (36), suggesting that the likelihood of 
developing target-independent mechanisms increases with 
TKI potency. Activation of MET pathway can also occur 
through alternative mechanisms, including gene fusions 
(ST7-MET rearrangements) that might co-exist with MET 
amplification as well. ALK resistance with both MET 
amplification and ST7-MET rearrangement is reversed 
with dual ALK/MET inhibition in in vitro studies (35),  
providing the rational for combinatorial approaches or 
the use of crizotinib. Other bypass track mechanisms 
described in preclinical models include also RAS/MEK 
activation (37,38), protein kinase C (PKC) activation (39), 
SRC activation and EMT transformation (40), activation of 
EGFR and HER4 pathways (38), SHP2 activation (41), and 
NF2 loss (40). The use of combinatorial strategies has been 
shown to overcome acquired resistance due to bypass track 
mechanism in multiple preclinical models and different 
combinatorial strategies are under clinical evaluation to 

overcome or prevent the emergence of these off-target 
mechanisms of resistance. The combination of ALK TKI 
+ MEK inhibitors is under evaluation in three phase I/
II studies with ceritinib-trametinib (NCT03087448), 
alectinib-cobimetinib (NCT03202940), and brigatinib-
binimetinib (NCT04005144). Other studies are evaluating 
the addition of the antiangiogenic agent bevacizumab plus 
alectinib (NCT02521051, NCT03779191) or brigatinib 
(NCT04227028), while others are combining the mTOR 
inhibitor everolimus with ceritinib (NCT02321501). 
Moreover, a cohort of the NCI-NRG ALK master protocol 
(NCT03737994) is evaluating crizotinib monotherapy 
in patients with MET amplification after resistance to 2nd 
generation ALK TKIs.

It has been reported that in some models that harbor 
EML4-ALK  rearrangements PD-L1 expression can 
be induced due to constitutive oncogenic signaling 
contributing to immune escape (42), providing the rationale 
for investigating immune checkpoint inhibitors (ICIs) 
targeting PD-1/PD-L1 in ALK-rearranged NSCLCs either 
in combination with ALK TKIs or with chemotherapy.

A phase IB multicenter, dose escalation and expansion 
study, assessed the safety and activity of ceritinib plus 
nivolumab in 36 patients with advanced ALK-positive 
NSCLCs, including both previously treated and treatment-
naive patients. Nivolumab was given intravenously at  
3 mg/kg dose every two weeks and Ceritinib was orally given 
at doses 300 or 450 mg per day with low fat meal. 2 patients 
in the Ceritinib 300 mg cohort experienced dose-limiting 
toxicities (DLT) and 4 in the 450 mg cohort. ORR was 83% 
in the 450 mg and 60% in the 300 mg of ceritinib cohort 
respectively, 50% for the ALK TKI pretreated patients in 
the Ceritinib 450 mg arm and 25% in the Ceritinib 300 mg  
arm. Despite overlapping curves, response trended to be 
greater among PD-L1 positive patients compared with 
PD-L1 negative (ORR 64% and 31% respectively). Most 
common grade 3–4 toxicities were transaminase increase, 
amylase and lipase increase and maculopapular rash (43). 
Another phase I/II trial (CheckMate-370, cohort E) 
assessed the safety and tolerability of nivolumab-crizotinib 
combination as first line therapy. Unfortunately, the study 
was prematurely discontinued due to the evidence of severe 
hepatotoxicity in 38% of patients, including two treatment-
related deaths (44). Safety concerns with the use of ICIs 
immediately after crizotinib also emerged in a retrospective 
study that showed an unusual incidence of grade 3–4 ALT 
elevation (36.3%) in ALK-positive NSCLC treated with 
sequential ICIs after crizotinib vs. only 3.4% in those 
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who received crizotinib alone (45). Recently, growing 
interest emerged on the use of chemo-immunotherapy 
combinations in oncogene-addicted NSCLCs, including 
ALK-rearranged NSCLCs. The randomized phase III 
trial IMpower150 recently showed promising activity 
for the combination carboplatin-paclitaxel-bevacizumab 
plus atezolizumab in a small subgroup of patients with 
EGFR mutations or ALK translocations who failed or were 
intolerant for at least one line of TKI. The combination 
was associated with a statistically significant longer PFS 
compared with carboplatin-paclitaxel-bevacizumab alone 
(11.3 vs. 6.8 months; HR 0.51; P<0.001) (46). These results 
are hypothesis-generating, but requires further confirmation 
in larger patient cohorts.

Finally, another potential strategy after acquired resistance 
to 2nd generation ALK TKIs is the addition of platinum-
based chemotherapy to ALK inhibition. This strategy has 
been recently reported in a small retrospective study of 
three institutions, demonstrating that patients who received 
platinum/pemetrexed in combination with an ALK TKI 
beyond progression had a longer PFS compared to those 
who received platinum/pemetrexed alone (6.8 vs. 3.2 months, 
respectively; HR 0.33; P=0.025) (47). These results are 
hypothesis generating and deserve further investigation.

Overcoming resistance to ROS1 inhibitors

ROS1 (ROS proto-oncogene 1) rearrangements were 
first reported in NSCLC in 2007 (48) and identify a 
small subset of lung adenocarcinoma (~1%) with peculiar 
clinicopathological characteristics, including predominance 
of solid, papillary, acinar, cribriform and mucinous histology 
patterns, younger age, never smoking status (49), and 
high sensitivity to pemetrexed-based chemotherapy (50). 
ROS1 rearrangements were identified as a potential target 

for TKIs on the basis of preclinical evidences in cell lines 
(48,51), with high sensitivity in both preclinical and clinical 
models to the MET/ALK inhibitor crizotinib (49). Based 
on these data, an expanded cohort of ROS1-rearranged 
NSCLCs was enrolled into the phase I PROFILE 1001 
study with crizotinib. The preliminary results of this study 
showed an impressive 72% ORR and a 19.2 months PFS 
among 51 ROS1-translocated patients harboring 7 different 
fusion partners for ROS1 (52). The remarkable activity of 
crizotinib in this molecularly defined subgroup of patients 
is further confirmed by the recently published updated 
analysis of the PROFILE 1001 that continue to show the 
clinically meaningful benefit and safety of crizotinib after 
a follow-up period of 62.6 months with a median OS of 
51.4 months (95% CI, 29.3 to not reached) and survival 
probabilities at 12, 24, 36, and 48 months of 79%, 67%, 
53%, and 51%, respectively (53). The role of crizotinib in 
this subgroup of patients is further supported by a large 
retrospective study (54) and four single arm phase II trials 
in both Caucasian and Asian patients, demonstrating ORR 
ranging from 54% to 80% and median PFS between 5.5 to 
20.0 months (55-58) (Table 1).

As in other NSCLC scenarios with targetable genomic 
alterations, ROS1-translocated patients develop acquired 
resistance after the use of crizotinib. Pooling retrospective 
and prospective published experiences of crizotinib 
treatment in ROS1-rearranged NSCLC patients, around 
10 cases have been reported as primary refractory to the 
inhibitor (59), due to different biological or pharmacological 
mechanisms that include KRAS mutations acquisition (60), 
limited CNS penetration and metabolic alterations due to 
liver impairment (54), and BIM deletion polymorphisms (61).

The first mechanism of acquired resistance to crizotinib 
in ROS1-rearranged NSCLCs was a glycine-to-arginine 
substitution at codon 2032 in the ROS1 kinase domain 

Table 1 Results obtained with crizotinib in NSCLC patients harboring ROS1 rearrangements

Trial N Region ORR (%) PFS (mo) mOS/1-year OS

PROFILE 1001 Phase I (52,53) 53 World 72 19.3 51.4 mo/79%

OxOnc Phase II (57) 127 East Asia 72 15.9 32.5 mo/83.1%

EUROS1 Pooled (54) 32 Europe 80 9.1 NR

AcSé Basket trial (56) 37 France 54 5.5 17.2 mo/NR

EUCROSS Phase II (55) 34 Spain/Germany 73 20.0 NR/83%

METROS Phase II (58) 26 Italy 62 17.2 NR

NSCLC, non-small cell lung cancer; ROS1, c-ros protooncogene 1; NR, not reached; mo, months.
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(G2032R) (62) that confers resistance to ROS1 kinase 
inhibition through steric interference with drug binding 
(>100-fold increase in crizotinib half-maximal inhibitory 
concentration-IC50). According to a small series recently 
published, G2032R is the most commonly observed 
mutation accounting for crizotinib resistance in ROS1-
positive NSCLC patients, occurring in 41% of cases, 
followed by D2033N (6%), and S1986F (6%) (63). The 
presence of an aspartic acid-to-asparagine substitution 
occurring at ROS1 codon 2033 (D2033N) is associated with 
acquired resistance to crizotinib, but has in vitro and in vivo 
sensitivity to cabozantinib (64). The serine at 1986 ROS1 
position can be substituted by either tyrosine (S1986Y) 
or phenylalanine (S1986F) residues, leading to crizotinib 
exhaustion in an EZR-ROS1-rearranged NSCLC (65). 
Differently from the previous reported codons involved, the 
1986 does not correspond to ROS1 active site and S1986Y/F  
substitutions appear to induce crizotinib resistance by 
both preventing its access to the enzyme active site and 
by increasing kinase activity, the latter event reported for 
the corresponding ALK C1156Y mutation. Functional in 
vitro studies demonstrated that ROS1 harboring either the 
S1986Y or the S1986F mutation, while conferring resistance 
to crizotinib and ceritinib, was inhibited by lorlatinib (65).

Another documented crizotinib resistance mutation in 
ROS1-positive NSCLCs is the gatekeeper ROS1 L2026M 
mutation that is an analogue to the ALK L1196M that has 
been largely approached in in vitro studies (66). Additional 
preclinical assays have indicated that crizotinib resistant 
cells harboring this mutation are sensitive to lorlatinib, 
repotrectinib and foretinib (67,68).

As described for other mutations studied in vitro before 
their clinical appearance, preclinical evidence concerning 
mechanisms of acquired resistance to crizotinib in ROS1-

rearranged cells flanked clinical reports (59). The cell lines 
HCC78CR1 and -CR2 harbored the L2155S mutation (67), 
while a molecular screen with alkylating agent N-ethyl-N-
nitrosourea upon ROS1 signaling-dependent Ba/F3 cells 
reveal a few further substitutions (69). The ROS1 secondary 
mutations E1990G, M2128V, L1951R, L2026M, K2003I 
and G2032R showed IC50 values for crizotinib more than 
3-fold higher with regard to the native ROS1 form (69).  
Table 2 shows the different IC50 (nM) for various compounds 
evaluated in pre-clinical and clinical studies under 
development in ROS1-positive NSCLC TKI-naïve and 
previously treated with crizotinib.

In addition to mutations in ROS1 kinase domain, other 
crizotinib resistance mechanisms have recently been 
described. Davies et al. observed a switch in the control 
of growth and survival signaling pathways from ROS1 
to EGFR in the HCC78 ROS1 resistant cell line (70). 
As a result of this switch, ROS1 inhibition-resistant cells 
became sensitive to EGFR inhibition (gefitinib ~1 µM), 
an effect that was enhanced by co-treatment with a ROS1 
inhibitor. The mechanism behind this change remains 
unclear, although it occurred in the absence of a significant 
increase in EGFR autophosphorylation, suggesting that 
an autocrine signaling mechanism was not responsible. 
It is noteworthy that EGFR kinase activity is not always 
dependent on autophosphorylation and thus low levels 
of EGFR phosphorylation do not preclude its signaling 
activity (71). Prolonged exposure of HCC78 cell to the 
specific preclinical inhibitor JNJ-ROS1i-A or crizotinib 
has been associated with the emergence of G12C KRAS 
and Q61K NRAS mutations, respectively, both associated 
with a markedly decreased expression level of both mRNA 
and protein of SLC34A2-ROS1 in crizotinib-resistant  
models (72). Furthermore, KRAS amplification has been 

Table 2 Different IC50 (nM) for various compounds evaluated in preclinical and clinical studies for ROS1-rearranged patients/cell lines

Inhibitor WT G2032R D2033N L2026M S1986F S1986Y

Repotrectinib <0.2 8.4 0.2 10 <0.2 <0.2

Crizotinib 9.7 1,402 139 606.4 20.9 19

Lorlatinib 0.5 262.4 2.4 ND 0.3 0.3

Entrectinib 25.4 2,404 ND 2,026 ND ND

Ceritinib 131.9 2,000 ND ND 14.2 26.9

Brigatinib 28.6 1,385 167.1 2,115 27.7 24.6

Cabozantinib 1.0 60.7 0.1 29.1 ND ND

ROS1, c-ros protooncogene 1.
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described in vivo in a ROS1-positive NSCLC with acquired 
resistance to crizotinib, support these preclinical evidence (60).  
Another bypass track mechanism of resistance to crizotinib 
in ROS1-positive NSCLC is the acquisition of an activating 
KIT mutation (D816G) that leads to constitutive activation 
of the tyrosine kinase receptor. The acquisition of KIT 
D816G renders the HCC78 and CUTO2 cell lines resistant 
to crizotinib, and only dual inhibition of ROS1 and KIT 
with crizotinib plus ponatinib could resensitize the cells 
to ROS1 blockage (73). As observed in other oncogene 
addicted tumors after resistance to targeted agents, another 
potential mechanism of resistance to crizotinib in ROS1-
translocated NSCLCs is the activation of an epithelial-to-
mesenchymal transition (EMT) (67).

Until recently, crizotinib was the only approved targeted 
drug directed against ROS1. Several other molecules, 
already in clinical use or in late phases of development 
in ALK-driven disease, are currently evaluated in ROS1-
positive populations. Ceritinib, a 2nd generation ALK/
ROS1 TKI, is able to overcome in vitro and in vivo 
crizotinib resistance in ALK- and ROS1-rearranged 
NSCLC, although, the activity in the second group 
has been less promising. Although not fully exhaustive, 
preclinical evidence revealed IC50 values of ceritinib for the 
native isoforms of ROS1 are significantly higher (74). Taking 
into account the structural and functional data of crizotinib 
resistance conferred by specific ALK mutations (75)  
and the predictive model for ROS1, only the expected 
M2001T and G2101A and the reported L2026M can be 
overcame by ceritinib, as they interfere with crizotinib 
binding only (65). Analogously to the corresponding ALK 
substitutions, ROS1 1981Tins, L1982F, S1986Y/F and 
F2004C/V cannot be inhibited by ceritinib, as they increase 
enzyme activity or induce conformational changes in ROS1 
catalytic domain (65). Furthermore, ROS1 G2032R and 
D2033N mutations are not susceptible of ceritinib control 
as they induce deep structural changes in drug-binding site 
(61,63). As ceritinib does not boost the silencing of ROS1 
signaling compared with crizotinib, its contribution when a 
bypass mechanism occurs would be negligible. The updated 
data of the ceritinib phase II study showed an ORR of 63% 
and a median PFS of 19.3 months in TKI-naïve patients (76),  
overlapping with data obtained with crizotinib (52). 

The 3rd generation ALK/ROS1 inhibitor lorlatinib, 
which has shown sustained activity against almost all ALK 
resistant forms in in vitro and in vivo models (77), has 
demonstrated significant activity in cell experiments against 
ROS1 L2026M, D2033 and S1986Y/F (65,78).

The reduced inhibitory effect on cell viability upon 
ROS1 G2032R mutants, with IC50 of 17,747, 27,042 and 
508 nM (65) suggests that lorlatinib may not overcome 
crizotinib resistance generated by the most important 
substitution. These preclinical data were recently confirmed 
in the preliminary report of the phase II PFROST study, 
evaluating lorlatinib in ROS1 fusion-positive patients 
crizotinib-resistant. No responses were observed among 
patients harboring a secondary ROS1 mutation (n=1 ROS1 
S1861I, n=1 ROS1 V2054A, n=3 ROS1 G2032R) and all 
the patients harboring the ROS1G2032R mutation rapidly 
progressed, maintaining this aberration in liquid biopsy 
at the time of lorlatinib failure (79). Nevertheless, the 
reported efficacy and the preclinical evidence of the ≈100-
fold potency against the native ROS1, compared to the 1st 
generation inhibitor, sustain that lorlatinib could overcome 
bypass signaling-driven crizotinib resistance (65).

Entrectinib is a pan-TRK, ROS1 and ALK inhibitor that 
has shown potent anti-neoplastic activity and tolerability 
in various neoplastic conditions, particularly NSCLC (80).  
The integrated analysis of three ongoing phase I/II 
trials of entrectinib (ALKA-372-001, STARTRK-1, and 
STARTRK-2) in 53 locally advanced or metastatic ROS1 
fusion-positive NSCLCs recently reported a 77% ORR 
and a median DoR of 24.6 months at a median follow-
up of 15.5 months (81). Based on these results, on August 
2019 the US FDA approved entrectinib for ROS1 fusion-
positive NSCLC. However, all patients enrolled in these 
studies were ROS1 TKI-naïve and preclinical data suggest 
that entrectinib lacks of activity against ROS1 G2032R and 
L2026M mutants (74,80), suggesting that this agent is not a 
suitable candidate to reverse acquired crizotinib resistance. 

The multikinase inhibitor cabozantinib demonstrated 
activity against the crizotinib-resistant ROS1 D2033N 
mutation (64) and preclinical evidence suggest that 
cabozantinib, while inhibiting the native enzyme at doses 
inferior to crizotinib (74), has a direct activity upon 
several ROS1 mutants, abrogating the hypothesis of a 
potential off-target effect of the drug. In absence of clinical 
validation, cabozantinib showed IC50 values against ROS1 
G2032R mutant between 13.5336, 15.351 and 26 nM (74). 
Cabozantinib clinical efficacy could therefore be attributed 
so far to either the inhibition of a putative bypass signaling 
or a more pronounced inhibition of the wild-type ROS1 
kinase. An ongoing phase II trial is evaluating cabozantinib 
efficacy in advanced NSCLC harboring RET, ROS1 or 
NTRK fusions, as well as increased MET or AXL activity 
(NCT01639508). 
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Another multitarget inhibitor, foretinib, has shown in 
vitro activity against native ROS1 and several of its mutant 
forms. However, the suboptimal toxicity profile of the 
compound, together with the upcoming availability of 
specific, effective and safe inhibitors, does not ostensibly 
al low the al location of foretinib among the most 
relevant ROS1 inhibitors (59). The 2nd generation ALK 
inhibitor brigatinib also inhibits ROS1 at concentrations 
clinically achievable in patients (74). Nevertheless, lack of 
effectiveness against G2032R and L2026M, disprove its 
regular use in the clinic. Repotrectinib is a low-molecular-
weight, macrocyclic TKI that is selective and highly 
potent against ROS1, TRKA-C, and ALK. Importantly, 
repotrectinib exhibits activity against a variety of solvent-
front substitutions in vitro and in vivo (68), with a substantial 
increased activity against ROS1 G2032R mutants compared 
with lorlatinib (IC50 values of 3.3 nmol/L vs. 160.7 nmol/L). 
Furthermore, repotrectinib repotrectinib was slightly less 
potent than cabozantinib (1.3 vs. 0.2 nmol/L) against the 
ROS1 D2033N mutation, but more potent than lorlatinib 
(3.3 nmol/L) (68). During the 2019 ASCO annual meeting, 
Cho et al. showed preliminary results of the TRIDENT-1 
trial; among 10 evaluable TKI-naïve ROS1 NSCLC 
patients, repotrectinib was associated with a confirmed ORR 
of 90% and a median DoR not reached (range 5.5+ – 14.9+ 
months). Among 18 pretreated patients, confirmed ORR 
was 28% with a DoR of 10.2 months. In 7 patients with 
measurable target brain lesions at baseline, the intracranial 
ORR was 100% with a DoR (5.5+; 7.2+; 14.85+ months) 
in TKI-naïve patients and 50% with DoR (5.5+;14.8+, 
months) in TKI-pretreated patients, respectively (82). 

DS-6051b is a new-generation selective ROS1/NTRK 
inhibitor that inhibits the intracellular phosphorylation of 
these kinases in a concentration-dependent manner and 
induces dramatic growth inhibition of both wild-type and 
G2032R mutant ROS1–rearranged cancers in vitro and in 
vivo, with an IC50 of 13.5 nM (83). Besides the G2032R 
mutants, DS-6051b had single-digit nanomolar IC50 against 
L1951R, S1986F, and L2026M, but had a relatively high 
IC50 against D2033N (IC50 ~30 nM) (84). In a clinical trial 
of DS-6051b, a crizotinib-naive ROS1-rearranged NSCLC 
patient with brain metastasis showed a partial response in 
the primary lung and brain metastasized tumors, suggesting 
that DS-6051b would be effective in brain metastasized 
tumors, although the blood–brain barrier penetration of 
this compound is still unclear in humans (84).

The role of combinatorial approaches to overcome by-
pass mechanisms of resistance to ROS1 inhibitors has been 

investigated only in preclinical models, combining the 
ROS1 inhibitor TAE684 with gefitinib (70) or crizotinib 
plus dacomitinib or afatinib (67) in resistance models 
with EGFR activation and ponatinib plus crizotinib in cell 
lines with KIT D816G acquisition (73). A phase I study is 
investing the safety of the combination of brigatinib with 
the MEK inhibitor binimetinib in ALK or ROS1-rearranged 
NSCLC (NCT04005144)

 

Overcoming resistance to RET inhibitors 

RET (REarranged during Transfection) fusion-positive 
NSCLCs represent a small subgroup of patients (~1–2%) 
that correlates with adenocarcinoma histology, never-
smoking status, younger age, more advanced disease 
stage, potentially higher chemosensitivity (in particular, 
to pemetrexed-based regimens), and coexistence of other 
genomic alterations (85). Different fusion partners have 
been reported, but the most common RET fusions in lung 
cancer are kinesin family member 5B (KIF5B)-RET (70–
90%) and CCDC6-RET (10–25%), followed by other less 
common variants (NCOA4-RET, TRIM33-RET, ZNF477P-
RET, ERCC1-RET, HTR4-RET, and CLIP1-RET) (86). 
The mechanism of activation of RET fusion proteins is 
analogous to the oncogenic activation of rearranged ALK 
in NSCLC, but clearly differs from ROS1. In the EML4-
ALK fusion gene, a coiled-coil domain in EML4 is fused 
to the ALK kinase domain, conferring oligomerization and 
constitutive kinase activation, while coil-coiled domains 
are not consistently present in ROS1 fusion genes in 
NSCLC and are not necessary to drive oncogenesis (87). 
The tumorigenic potential of RET fusion proteins has been 
demonstrated in vitro in Ba/F3 (pro-B lymphocyte) (88) 
or NIH3T3 (fibroblast) cell lines (87,89), and in CCDC6-
RET-positive LC-2 lung adenocarcinoma cells (90). 

Several preclinical studies reported on the activity of 
different multikinase inhibitors in RET-fusion-positive 
cell lines. Ba/F3 cells harboring the KIF5B-RET fusions 
common in RET-fusion-positive NSCLC were found to be 
sensitive to sorafenib, vandetanib, regorafenib, ponatinib, 
and lenvatinib (91-93). In 2016, a global multicenter 
network study (GLORY) included 165 patients with RET-
rearranged NSCLC from 29 centers across Europe, Asia, 
and the United States. Seventy-two percent of the patients 
had KIF5B-RET fusion and 53 received one or more RET 
inhibitors in sequence, including cabozantinib (n=21), 
vandetanib (n=11), sunitinib (n=11), sorafenib (n=2), 
alectinib (n=2), lenvatinib (n=2), nintedanib (n=2), ponatinib 
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(n=2), and regorafenib (n=1). The ORR with cabozantinib, 
vandetanib, and sunitinib was 37%, 18%, and 22%, 
respectively. Considering the main outcomes, median PFS 
was 2.3 months (95% CI, 1.6 to 5.0 months), and median 
OS was 6.8 months (95% CI, 3.9 to 14.3 months) (94). 
Moreover, this registry also provided information regarding 
the efficacy of first-line platinum-based chemotherapy in 
RET-rearranged NSCLC that was associated with an ORR 
of 50% (94).

Vandetanib predominantly inhibits VEGFR 2-3, 
EGFR and RET (IC50 for RET 100nM). This compound 
demonstrated in vitro (87,89,90,92) and in vivo (88,90,95) 
activity, suppressing the growth of KIF5B-RET-transfected 
NIH3T3 fibroblasts, KIF5B-RET transfected Ba/F3 
lymphocytes, and CCDC6-RET-positive LC-2 lung 
adenocarcinoma cells, as well as, athymic mice transplanted 
with CCDC6-RET lung adenocarcinoma tumors and 
in immunocompetent KIF5B-RET transgenic mice. In 
unselected population, vandetanib was associated with low 
therapeutic efficacy either as monotherapy (ZEST and 
ZEPHYR) or in combination with docetaxel (ZODIAC) 
or pemetrexed (ZEAL) (85). Nevertheless, in selected 
RET-translocated NSCLC two small single arm phase II 
studies in Asian patients reported some signals of activity 
with ORR ranging from 18% to 47% and median PFS of 
4.54–6.5 months (96-98). However, the efficacy seen in 
these studies seems less impressive than usually observed in 
oncogene-addicted NSCLCs treated with targeted therapies 
and a differential sensitivity for vandetanib was reported 
in the LURET study for KIF5B-RET and CCDC6-RET 
rearrangements (96,97).

Another multitarget TKI, lenvatinib, was identified 
through the exploratory research of agents with various 
tyrosine kinase inhibitory activities related to angiogenesis, 
including VEGFR1-3, FGFR1-4, PDGFRα, KIT, and 
RET (99). Interestingly, lenvatinib has the lowest IC50  
(1.5 nM) among RET multikinase inhibitors. In vitro, 
lenvatinib suppresses the growth of KIF5B-RET and CCDC6-
RET-transfected NIH3T3 fibroblasts and of CCDC6-RET 
LC-2 lung adenocarcinoma cells, with in vivo, antitumor 
activity seen also in mice transplanted with KIF5B-RET 
and CCDC6-RET transfected NIH3T3 cell lines (100).  
Velcheti et al. reported a phase II trial of lenvatinib 
in 25 RET-rearranged NSCLC patients, including a 
52% with KIF5B-RET and 48% with less frequent RET 
fusion genes. The trial included a 28% of patients that 
received lenvatinib after a previous RET inhibitor. The 
trial reported a modest activity, with 16% ORR (14% 

in patients who had been treated with a previous RET 
inhibitor), 76% DCR and a median PFS of 7.3 months.  
Although the ORR was equivalent (~15%) between patients 
harboring the KIF5B-RET gene fusion and those with other 
known RET rearrangements, median PFS was lower in 
KIF5B-RET compared to the second group variants (3.6 vs. 
9.1 months) (101). 

Cabozantinib (XL184) is a small-molecule kinase 
inhibitor with potent activity toward MET and VEGFR2, 
as well as a number of other receptor tyrosine kinases 
that have also been implicated in tumor pathobiology, 
such as RET (IC50 for RET 5-20 nM), KIT, AXL, and 
FLT3. Treatment with cabozantinib inhibits MET and 
VEGFR2 phosphorylation in both in vitro and in vivo 
models and leads to significant reductions in cell invasion. 
In mouse models, cabozantinib dramatically alters tumor 
pathology, resulting in decreased tumor and endothelial 
cell proliferation coupled with increased apoptosis and 
dose-dependent inhibition of tumor growth in lung cancer  
models (102). Clinical activity of cabozantinib in RET-
rearranged NSCLC patients was evaluated in a phase II 
study (n=26) that included both KIF5B-RET rearrangements 
(62%), other rarer rearrangements (CCDC6-RET, CLIP1-
RET, TRIM33-RET, and ERC1-RET) (15%) or unknown 
fusion partners (23%). Preliminary results showed a 28% 
ORR, and median PFS and OS of 5.5 and 9.9 months, 
respectively. ORR in KIF5B-RET-rearranged NSCLC 
patients was 20% and 50% in patients with different known 
RET fusion genes (103).

Alectinib is an orally active TKI originally developed 
to target ALK rearrangements, but also inhibits RET with 
a half maximal inhibitory concentration of 4.8 nM (104).  
Alectinib demonstrates significant in vitro and in vivo 
antitumor activity in RET-rearranged models and is active 
against two common RET resistance mutations, which 
usually confer resistance to vandetanib in cell lines V804L 
(32 nM IC50 for RET V804L) and V804M (53 nM IC50 for 
RET V804M) (105). Furthermore, alectinib inhibits KIF5B-
RET V804L and KIF5B-RET V804M more potently than 
cabozantinib and vandetanib (104). Some signals of activity 
have been reported in retrospective studies, with two 
partial responses among six RET fusion-positive NSCLC 
patients (94). A prospective phase II study (ALERT-lung, 
NCT03445000) is evaluating alectinib activity in RET-
rearraged NSCLCs.

Ponatinib is a broad-spectrum multikinase inhibitor 
that targets BCR-ABL, FLT-3, c-KIT, FGFR, sarcoma 
viral oncogene homolog (SRC), VEGFR, PDGFR, RET 
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(IC50 for RET inhibition 25.8 nM) (106). Preclinical data 
from ponatinib support the potential role for RET-TKI-
resistant cancer cell models harboring diverse mutations 
(V840L, V840M, and G810A). In vivo, ponatinib efficiently 
inhibited the wo patients treated with ponatinib in the 
GLORY cohort experienced disease stabilization as the best  
response (95) .  A Phase II  study (NCT01813734) 
investigating ponatinib in RET-rearranged NSCLC patients 
prematurely closed enrollment after the recruitment of nine 
patients and the results are awaited. 

More recently, two selective RET inhibitors entered 
clinical development with promising results.

Selpercatinib (LOXO-292) is a highly selective 
TKI against RET-rearranged tumors. The Phase I/II 
LIBRETTO-001 basket trial (NCT03157128) investigated 
the safety, tolerability, pharmacokinetics and preliminary 
antitumor activity of selpercatinib in solid tumors. First 
results of RET-driven NSCLC patients were recently 
reported and updated at the 19th IASLC World Conference 
of Lung Cancer (WCLC). So far, 38 patients with RET-
rearranged NSCLC were evaluated. The study included 
heavily pretreated patients with a median of three lines of 
previous therapies, including multikinase inhibitors (55%), 
platinum-based chemotherapy and anti-PD-(L)1 therapy. 
The most common RET fusion partner was KIF5B (16 
patients), followed by CCDC6 (11 patients). The study 
showed a 68% ORR, with 26 patients showing a partial 
response (6 additional cases showed tumor shrinkage 
between −3% and −29%). All patients with target lesions 
in the brain showed intracranial responses, with one CR 
and three PRs. Antitumor activity was observed regardless 
of previous treatment and, after a median follow-up of  
8.5 months, 25 of 26 (96%) responding patients remained 
on treatment. The longest duration of response was  
>14 months (107).

Pralsetinib (BLU-667) is a highly potent, selective RET 
inhibitor that inhibits wild type RET, RET mutants V804L, 
V804M, M918T and CCDC6-RET fusion with IC50s of 
0.4, 0.3, 0.4, 0.4, and 0.4 nM, respectively. Pralsetinib 
has been investigated in the phase I ARROW basket 
study (NCT03037385) to define safety, tolerability and 
preliminary antitumor activity. Recently, preliminary data 
for RET-rearranged NSCLC were reported, demonstrating 
a 56% ORR among 57 response-evaluable patients (60% in 
30 patients pretreated with platinum chemotherapy) with 
durable responses (91% of responding patients were on 
treatment at the time of the analysis) and a DCR of 91%. 
Responses were seen regardless of prior treatment, RET 

fusion type and brain metastases presence (108). 
PD-L1 expression has been described in RET-rearranged 

lung adenocarcinomas and correlates with the presence of 
concomitant mutations (109). However, the activity of ICIs 
targeting PD(L)-1 seems relatively modest in this subgroup 
of patients, as recently reported in retrospective studies 
(110,111), even in patients with high PD-L1 expression (112).

Overcoming resistance to TRK inhibitors

Rearrangements of neurotrophic tyrosine receptor kinases 
(NTRK) gene in NSCLC were initially described in  
2013 (113) and identify a relatively uncommon subgroup 
of patients that accounts for ~0.5% of lung cancer  
patients (114). NTRK1, NTRK2 and NTRK3 are three 
genes coding for transmembrane proteins belonging to 
the tropomyosin receptor kinase (Trk) family. Fusions 
involving these genes can lead to the pathological activation 
of oncogenic pathways and were described in different  
cancers (115). Targeting NTRK gene fusions is a successful 
example of tumor-agnostic treatment, with entrectinib (116) 
and larotrectinib (117) being the first generation of this kind 
of compounds. Given the relatively rarity of these alterations, 
much of the existing evidence concerning NTRK targeting 
is not specific to NSCLC but, rather, encompasses different 
histologies. Similar to previously-described mechanisms of 
resistance in other molecularly-defined subgroup of patients, 
also for NTRK both target mutations and bypass signaling 
activation were described (118).

Among the resistance mutations involving NTRK genes, 
NTRK3 G623R and NTRK1 G595R mutations were the 
most frequent resistance mutations in 7 out of 9 patients in 
a pooled cohort of patients treated with larotrectinib (117) 
and are also called “solvent front” mutations as they alter 
a hydrophilic portion of the NTRK kinase domain (119). 
Less frequently, xDFG mutations—which affect the kinase-
activation loop—and gatekeeper domain mutations can 
also be found (117,120). The 2 patients with NSCLC from 
the phase I study experiencing progressive disease during 
larotrectinib were found to have the solvent front NTRK1 
G595R and the xDFG NTRK1 G667S mutations (117).  
Both are a paralogue of previously described ALK (16) 
and EGFR (121) mutations. Among the few patients with 
primary progressive disease to larotrectinib in the phase I 
study (117), one patient with mammary analogue secretory 
carcinoma (MASC) was shown to carry the NTRK3 G623R 
mutation. Intriguingly, this patient was previously treated 
with entrectinib—showing a very good response—and was 
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found to carry this mutation at the moment of Entrectinib 
progression (122).

Off-target mechanism of acquired resistance to TRK 
inhibitors have been described as well. In a patient 
with pancreatic cancer who developed resistance to 
larotrectinib matched pre and post treatment biopsies 
revealed the occurrence of BRAF V600E and KRAS G12D 
mutations (123); expectedly, with this patient the use of 
a second-generation NTRK inhibitor was unsuccessful. 
In the same work (123), a patient with a single liver 
metastasis from a colorectal primary showed to retain—
during NTRK inhibitor treatment—a KRAS G12A 
mutation at the progression site. Finally, in a patient with 
cholangiocarcinoma with NTRK rearrangement and MET 
amplification, single NTRK inhibition did not achieve any 
response (123).

New generation NTRK inhibitors with higher affinity 
to mutant NTRK isoforms have already demonstrated 
clinical activity. Selitrectinib (LOXO-195) is a selective 
TRK TKI designed to overcome acquired resistance 
mediated by recurrent kinase domain (solvent front and 
xDFG) mutations, as demonstrated in both in vitro and in 
vivo models. Early clinical activity in larotrectinib-resistant 
patients were recently reported in the first two NTRK-
fusion positive patients who developed acquired resistance 
mutations on larotrectinib who were treated with selitrectinib 
on a first-in-human phase I study, including a LMNA–
NTRK1-rearranged colorectal cancer with a G595R acquired 
resistance mutation and a pediatric patient with recurrent 
ETV6–NTRK3-rearranged infantile fibrosarcoma harboring 
a G623R acquired resistance mutation (119). Selitrectinib 
is being tested in a phase I trial on patients progressing 
during larotrectinib treatment; preliminary results of this 
study showed an objective response rate of 34% (10 out of 
29 patients) in the overall population and of 45% (9 out of 
20 patients) in the subgroup in which an NTRK mutation 
was found (120). The mechanism of acquired resistance to 
selitrectinib are not well known, but recently the acquisition 
of a gain-of-function KRAS G12V mutation was reported in 
a metastatic undifferentiated sarcoma harboring a TMP3-
NTRK1 fusion and the solvent-front mutation G595R (124). 
Additional data are eagerly awaited.

Another second generation TRK inhibitor, repotrectinib, 
showed in vitro the highest affinity for different NTRK 
mutations when compared to selitrectinib, entrectinib and 
larotrectinib, and was the only drug active against NTRK1 
G595R and F589L mutations. Clinical activity was reported 

in an entrectinib-resistant patient with MASC harboring 
a NTRK3 G623E mutation who experienced a long-term 
response to repotrectinib lasting more than 17 months (68). 
Repotrectinib is being investigated in the phase I/II trial 
TRIDENT-1 (NCT03093116) in patients with NTRK1, 
NTRK2, NTRK3, ROS1 and ALK fusions.

Finally, also some attempts to overcome NTRK bypass 
mechanisms have been reported, as for example the use 
of dual inhibition with the MET inhibitor crizotinib plus 
selitrectinib that was associated with clinical activity in a 
NTRK-rearranged cholangiocarcinoma carrying a MET 
amplification (123). Future studies investigating more 
extensively the mechanisms of acquired resistance to both 
1st and 2nd generation TRK inhibitors, using tissue re-
biopsies and/or cfDNA, are expected in the next future and 
could provide more insights on the molecular basis of TRK 
resistance and how to overcome it.

Conclusions

Despite initial impressive antitumor activity, the use of 
targeted therapies in gene fusion-positive NSCLCs is 
invariably associated with the development of acquired 
resistance through multiple mechanisms. However, the 
process of acquired resistance is a rapidly evolving clinical 
scenario that constantly evolves under the selective 
pressure of tyrosine kinase inhibitors. The development 
of increasingly higher selective and potent inhibitors, 
traditionally used to overcome resistance to first generation 
inhibitors, is associated with the development of novel 
mechanisms of resistance that encompass complex 
resistance mutations, highly recalcitrant to available 
TKIs, and bypass track mechanisms. Tissue re-biopsies at 
disease progression have been extensively used to identify 
the emergence of mechanisms of resistance to targeted 
agents, albeit the growing use of liquid biopsies provides an 
extraordinary opportunity for a more comprehensive study 
of the genotyping changes occurring during resistance, 
going beyond temporal and spatial heterogeneity. The 
design of innovative master protocols with adaptive design 
could provide in the next future further evidence on the best 
therapeutic approach and sequence in gene fusion-positive 
NSCLCs.
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