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Abstract
The discovery of targetable mutations, which cause gene rearrangement, led to a major advancement in the treatment of 
patients with non-small cell lung cancer (NSCLC), and cancers with such mutations can be paired with drugs which specifi-
cally target them. c-ros oncogene (ROS1) positive NSCLC is one molecular subtype of NSCLC with a therapeutic target. 
Currently, different targeted therapies and ROS1 inhibitors have been discovered, but all are in different investigational phases, 
with only one (crizotinib) which is FDA approved. Crizotinib is a small-molecule tyrosine kinase inhibitor (TKI) which was 
discovered to actively inhibit ALK, MET, and ROS1. Crizotinib has shown to be remarkably efficacious against ROS1 lung 
cancer, prompting ROS1 detection in lung cancer to be quite significant. Sadly, crizotinib resistance in ROS1 is a frequent 
occurrence which poses a major clinical challenge in the successful treatment of ROS1 lung cancer; hence, the discovery of 
the second and third generation ROS1 inhibitors is of utmost importance. In this review, we discuss the underlying mecha-
nisms through which ROS1 tumor cells acquire resistance to crizotinib—the first-line drug for ROS1-positive NSCLC, and 
summarize various new potent drugs which can overcome this resistance and serve as viable alternatives.
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Introduction

Lung cancer is the major cause of cancer deaths in both 
men and women worldwide [1]. Cigarette smoking is the 
principal risk factor for the development of lung cancer [1]. 
It can be treated or controlled using a combination of sur-
gery, chemotherapy, targeted therapy, immunotherapy, and 
radiation therapy as well as newer experimental methods 
[2]. There are three types of lung cancer: non-small cell lung 
cancer (NSCLC), small cell lung cancer, and lung carcinoid 
tumors [1, 2]. NSCLC is the most common histological lung 
cancer subgroup, which accounts for 80–85% of lung can-
cers [1]. Squamous cell carcinoma, adenocarcinoma, and 
large cell carcinoma are all subtypes of NSCLC. Currently, 
there are several molecular subtypes of NSCLC that have 
targeted therapies approved for their treatment: mutations in 

the epidermal growth factor receptor (EGFR), KRAS muta-
tions, ROS1 rearrangements, and gene rearrangements in the 
anaplastic lymphoma kinase (ALK) gene; tumors harboring 
these genetic alterations respond well to specific tyrosine 
kinase inhibitors (TKIs) [3–6].

ROS1 gene rearrangement

ROS1 is a gene that encodes for receptor tyrosine kinase, and 
it is located at chromosome 6q22 and has a structural similar-
ity to the ALK [7]. ROS1-positive lung cancer is a type of 
NSCLC which tests positive for a ROS1 gene rearrangement 
which is one of the known “driver mutations” found in lung 
cancer [8–10]. In 2007, gene rearrangements involving the 
ROS1 gene were first detected in glioblastoma tumors (a type 
of brain cancer) and cell lines, and have also been found in 
some other cancers, including ovarian cancer, colorectal car-
cinoma, gastric adenocarcinoma, cholangiocarcinoma, gastric 
ovarian serous carcinoma, colonic adenocarcinoma, inflam-
matory myofibroblastic tumor, angiosarcoma, and epithelioid 
hemangioendothelioma [7, 11–15]. ROS1 rearrangements 
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account for 1–2% of lung adenocarcinomas and approxi-
mately 1.4% of all NSCLC [9, 16]. ROS1 NSCLC was found 
to be prevalent in middle-aged women who are never to light 
smokers [17]. It is important to emphasize that the ROS1 gene 
rearrangement is not an acquired genetic change and cannot 
be inherited. Studies have shown that the inhibition of tumor 
cell-bearing ROS1 gene fusions by crizotinib or other ROS1 
TKIs was effective in vitro [18–20].

The ROS1 gene is involved in chromosomal translocation 
in lung cancer, it codes for a protein that acts as a driver, and 
it can run the show when it comes to cell growth and division. 
When the gene is rearranged, the abnormal protein may thus 
drive abnormal growth and division of the cell [17]. These 
proteins are called tyrosine kinases [21]. ROS1 and ALK are 
receptor tyrosine kinases (RTK), and both belong to the insulin 
receptor superfamily. Tyrosine kinases are involved in many 
cell functions, including cell signaling, growth, and division. 
These enzymes may be too active or found at high levels in 
some types of cancer cells, and blocking them helps stop the 
cancer cells from growing. Thus, drugs have been developed to 
target the extracellular domain or the catalytic domain, there-
fore, inhibiting ligand binding and receptor oligomerization 
[9]. These drugs are called TKIs. TKIs are types of targeted 
therapy substances that block the action of tyrosine kinases. 
Some TKIs are used to treat cancers [9, 19, 22].

ROS1 detection

Anyone with NSCLC, especially lung adenocarcinoma, should 
have genetic testing (molecular profiling) done on their lung 
tumors. Testing is especially important for young adults with 
lung cancer, who have a high incidence of treatable mutations 
and may respond well to one of the medications in the cat-
egory of TKIs. ROS1 rearrangement is detected using two 
approaches, in situ or non-in situ/extractive [23]. Fluorescent 
in situ hybridization (FISH) using a dual colour ‘break-apart’ 
probe approach is considered the “gold standard” in detect-
ing ROS1 rearrangement [24]. Immunohistochemistry (IHC) 
is a cost-effective method that can be used to efficiently test 
patients with lung cancer for ROS1 rearrangement [23]. In 
addition to FISH and IHC, a number of extractive or non-in 
situ approaches based on real-time polymerase chain reaction 
(RT-PCR) or next-generation sequencing (NGS) have been 
developed for the detection of ROS1 gene rearrangements 
[23].

Effective regimens against ROS1‑positive 
lung cancer

ROS1, like every other form of cancer, can be treated or 
controlled using a combination of surgery, chemotherapy, 
targeted therapy, immunotherapy, and radiation therapy as 
well as newer experimental methods.

Besides targeted therapy, some chemotherapy agents 
are also effective in ROS1 positive tumors. ROS1-posi-
tive lung cancer appears to be particularly sensitive to the 
chemotherapy drug Alimta (pemetrexed) with over 58% 
of ROS1-positive patients responding to the drug in one 
study [22, 25]. Patients with ROS1 fusion had a better 
overall response rate (57.9%), disease control rate (89.5%), 
and longer progression-free survival (7.5 months) com-
pared with patients harboring other driver mutations mak-
ing ROS1 fusion positivity a favorable factor for patients 
with lung adenocarcinoma on pemetrexed-based therapy 
[25]. As discussed earlier, RTKs are active targets for drug 
therapy, hence the use of TKIs such as crizotinib as tar-
geted therapies [19]. Because TKIs only inhibit cells with 
certain genomic alterations (i.e., they do not act on all fast-
growing cells as seen in chemotherapy), this leads to the 
existence of fewer side effects compared to chemotherapy. 
However, they do not cure the cancer, but only inhibit the 
cancer cells. Almost all patients treated with TKIs experi-
ence tumor progression, because the cancer cells develop 
new acquired mutations [24].

Brain metastases in ROS1‑positive lung 
cancer

Central nervous system (CNS) metastasis is a common 
cause of death in lung cancer, and the same case is seen in 
ROS1-positive lung cancers. Brain metastasis was found to 
be quite common in stage IV ROS1-positive lung cancer. 
In a study conducted by Patil et al., 36% of stage IV ROS1 
positive patients tested positive for brain metastasis [26]. 
Due to crizotinib’s inability to penetrate the blood–brain 
barrier (BBB), it is not ideal for ROS1 cases with brain 
metastasis [27]. However, some new TKIs with better CNS 
penetrating ability have been developed, drugs such as lor-
latinib, ceritinib, and ropotrectinib are smaller in size and 
able to penetrate the BBB, but they are all yet to be FDA 
approved. In addition, chemotherapy drugs are unable to 
penetrate the BBB; hence, radiation therapy is the treat-
ment path usually followed for cancer cases with brain 
metastases. Luckily, it was observed that ROS1 rearrange-
ment tumors were particularly sensitive to these treatments 
[28]. There are a couple of ways through which radiation 
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can be given, depending on the degree of metastases or 
the number of ‘spots’ (area of metastasis). When multiple 
metastases are noticed, whole brain radiotherapy is the 
technique used, and it involves the treatment of the entire 
brain with radiation. However, when there are a few spots, 
i.e., three or four metastases present, stereotactic radia-
tion is often performed, this approach (also called gamma 
knife), involves the treatment of localized spots on the 
brain with radiation. Both approaches have their pros and 
cons, whole brain radiotherapy may reduce the possibility 
of the reoccurrence of metastasis, while stereotactic radio-
therapy presents fewer side effects, since only a localized 
portion of the brain is treated with radiation [17, 28, 29].

Targeting the ROS1 oncogene

Crizotinib (Xalkori) is an orally available TKI that was 
originally developed as an anti-MET molecule [30]. It dem-
onstrated significant activity in ALK-driven diseases and 
was approved for ALK-positive lung cancer, and it was 
also shown to express relevant activity in ROS1-rearranged 
NSCLC [6, 18]. Crizotinib was the first TKI approved by 
the US FDA for the treatment of ROS1-positive advanced 
(metastatic) NSCLC [31, 32]. It has become the standard 
of care for metastatic ROS1-positive NSCLC in the USA 
[29]. The mechanism of action of crizotinib is by blocking 
cell signaling of ROS1/ALK tyrosine kinases [24]. Tumor 
growth appears addicted to stimulation by the fusion gene, 
and blocking it stops cell signaling. Being strictly dependent 

on ROS1 signaling for survival, growth, and progression, the 
inhibition of this signaling brings about apoptosis of tumor 
cells thus generating positive clinical effect [24].

Mechanisms of resistance to crizotinib

The average progression-free survival of ROS1-positive 
NSCLC patients using crizotinib has been 19.2 months 
[19]. However, cancer cells eventually develop a resistance 
to the effects of the drug and the patients invariably undergo 
disease progression. Most mechanisms explaining the resist-
ance of cancer cells to kinase inhibitors reside within one 
of the two categories: genetic alteration of the drug target 
(that is, point mutations and/or gene amplification) or acti-
vation of bypass signaling [33–35]. The mechanisms of 
acquired resistance of crizotinib, the ALK/MET/ROS1 TKI, 
in ROS1 fusions are not completely understood. However, 
further studies and preclinical evidence support the idea 
of the generation of point mutations (missense mutations) 
within the ROS1 kinase domain (Fig. 1), and this effectuates 
the genetic alteration of the drug target causing an acquired 
resistance to crizotinib [33, 36]. These mutations notably 
decrease the potency of the inhibitor against the kinase and 
it can also lead to different extents of sensitivity (an increase 
or decrease) or resistance to other ROS1 TKIs [37, 38]. One 
method of overcoming this type of resistance is to identify 
more potent inhibitors capable of inhibiting the mutated 
target.

Fig. 1   Molecular mechanisms 
of crizotinib resistance in 
ROS1, depicting the two main 
patterns
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G2032R

An example of a mutation in the ROS1 kinase domain is 
the G2032R mutation [39], which was observed in a patient 
with a crizotinib-sensitive NSCLC harboring a CD74-ROS1 
fusion, and the G2032R mutation was not detected in the 
sample of malignant cells assessed before treatment with 
crizotinib [39]. The G2032R mutation leads to a glycine-
to-arginine substitution at codon 2032 in the ROS1 kinase 
domain. It causes resistance to ROS1 kinase inhibition 
through steric interference with drug binding (Table 1) [39]. 
G2032R is the most commonly observed mutation confer-
ring crizotinib resistance in ROS1 positive NSCLC patients, 
and it occurs in four out of ten cases and is present in four 
out of five biopsies harboring ROS1 acquired mutations 
[24]. It also presents from a pharmacological point of view 
as the most difficult mutation (leading to crizotinib resist-
ance) to treat [33, 40]. Studies conducted by our group show 
that G2032R increases TWIST1 expression and induces epi-
thelial–mesenchymal transition (EMT) leading to crizotinib 
resistance and a combination of TWIST1 siRNA and ROS1 
inhibitor may help in cases of crizotinib resistance due to 
G2032R [41].

D2033N

In another patient harboring crizotinib-sensitive NSCLC 
CD74-ROS1 fusion, an ROS1 D2033N mutation which 
was not present pre-crizotinib treatment was subsequently 
detected at the time of progression [42]. This mutation is 
due to an aspartic acid-to-asparagine substitution occurring 
at ROS1 codon 2033 [24], and it occurs at the solvent-front 
region of the ATP-binding site (kinase hinge) of ROS1, just 

like in the G2032R mutation and induces a high-level resist-
ance to crizotinib in vitro, as a result of a series of change in 
the electrostatic potential and reorientation of surrounding 
residues in front of the ATP-binding pocket [24, 42].

L2155S

Acquired crizotinib resistance was noticed in two HCC78 
cell lines harboring the SLC34A2-ROS1 fusion, and the 
cells were found to have the novel L2155S mutation which 
was not present pre-crizotinib treatment in the original cell 
line. A structural model for ROS1 L2155S mutation suggests 
that its mechanism for resistance to crizotinib is through 
protein malfunction [43].

S1986Y/F

In an EZR-ROS1 NSCLC patient with evident crizotinib 
resistance, an S1986F/Y substitution in the ROS1 kinase 
domain was noticed. In this case, the serine at 1986 ROS1 
position can be substituted by either tyrosine (S1986Y) or 
phenylalanine (S1986F) amino acid residues. The mecha-
nism of crizotinib resistance by S1986Y/F substitutions 
appears to be by obstructing its access to the enzyme active 
site and by increasing kinase activity [24, 33].

L2026M

In addition, the gatekeeper mutation L2026M has been 
found to confer crizotinib resistance. This mutation involves 
leucine and methionine and is located at the “gatekeeper” 
position of the inhibitor-binding pocket [36, 44].

Table 1   ROS1 mutations conferring crizotinib resistance and ROS1 inhibitors capable of combating the mutations

Mutation ROS1 fusion Location Mechanism Potent TKIs

G2032R CD74-ROS1 Solvent front of the kinase hinge Glycine-to-arginine substitution at codon 2032 in the ROS1 
kinase domain causes resistance to ROS1 kinase inhibition 
through steric interference with drug binding

Cabozantinib
Ropotrectinib

D2033N CD74-ROS1 Solvent front of the kinase hinge Aspartic acid-to-asparagine substitution at codon 2033 leads to 
a modification of electrostatic forces at the exterior surface 
of the ATP-binding site and reorientation of surrounding 
residues in front of the ATP-binding pocket

Lorlatinib
Cabozantinib
Ropotrectinib

L2155S SLC34A2-ROS1 Not reported yet Protein malfunction Lorlatinib
Cabozantinib
Ropotrectinib

S1986F/Y EZR-ROS1 Not reported yet Serine to tyrosine (S1986Y)/serine to phenylalanine (S1986F) 
substitution leads to an obstruction in the path to the enzyme 
active site and an increase in kinase activity

Lorlatinib
Cabozantinib
Ropotrectinib

L2026M CD74-ROS1 Gatekeeper position of inhibitor-
binding pocket

Leucine-to-methionine substitution at codon 2026 Lorlatinib
Ceritinib
Cabozantinib
Ropotrectinib
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Activation of bypass‑signaling pathways

Activation of bypass-signaling pathways is another occur-
rence that accounts for crizotinib resistance in ROS1 can-
cer cells, the activation of a different signaling pathway 
thwarts the need for the original drug target [36, 38]. The 
expression of the mutant KITD816G receptor in ROS1-
positive NSCLC cell lines (Fig. 1) led to a KIT activat-
ing mutation. This expression engenders the resistance 
to crizotinib by the HCC78 and CUTO2 cell lines [35]. 
The KITD816G mutation is in itself oncogenic by and can 
promote auto-phosphorylation and proliferation in cells. 
An activation of KIT mutation can induce resistance to 
crizotinib and other TKIs in vitro [38]. Dziadziuszko 
and colleagues demonstrated that this cellular resistance 
can be overcome by the addition of a KIT inhibitor (e.g., 
ponatinib) to crizotinib [35].

EGFR pathway activation in ROS1-positive HCC78-
TR cells was reported by Davies and colleagues [34], and 
they accounted a decrease in ROS1 fusion protein levels 
and that the growth and survival of signaling pathways 
switched from being mainly dependent on ROS1 activ-
ity to being mainly dependent on EGFR activity. This 
signaling switch led to the acceleration of the HCC78-TR 
cells becoming partly sensitive to only EGFR inhibition, 
leading us to believe that EGFR pathway activation may 
underlie crizotinib resistance and resistance to ROS1 
inhibition as a whole [34, 43, 45, 46].

Combination therapies

Resistance as a result of a new mutation can be treated 
with another inhibitor capable of combatting said muta-
tion; therefore, the discovery and development of other 
ROS1 inhibitors besides crizotinib are vital [39]. How-
ever, in resistance driven by bypass mechanisms, such 
as EGFR and KIT activation, targeting both ROS1 and 
the bypass pathway (e.g., EGFR/KIT) inhibition helps 
overcome resistance, and this can be done by combining 
crizotinib with another KIT/EGFR inhibitor [35]. In addi-
tion, the combination of targeted therapies with immu-
notherapy or chemotherapy has been thought to result 
in more improved responses [25]. In addition, up-front 
combination therapy is thought to be effective in delaying 
resistance [47]. Combinatorial approaches are thought to 
have superior efficacy compared to monotherapy, but cau-
tion has to be taken in such cases due to toxicity. Toxicity 
usually increases when two or more drugs are combined, 
and even unanticipated toxicities may be seen [48].

Drugs targeting ROS1

Acquired resistance to crizotinib is a recurring challenge 
when dealing with patients with ROS1-positive lung can-
cer, and the existence and discovery of the next-generation 
ROS1 inhibitors are eminent in finding lasting treatment 
and solutions for patients with ROS1. So far, crizotinib is 
the only FDA-approved targeted therapy against ROS1, but 
several other molecules are currently undergoing research 
and clinical trials to evaluate their therapeutic effects and 
efficacy against ROS1.

Lorlatinib

Lorlatinib is an investigational ALK/ROS1 TKI for the 
treatment of ALK/ROS1-positive NSCLC patients previ-
ously treated with an ALK/ROS1 TKI (Fig. 2) [49]. In 
2017, it was granted breakthrough therapy designation 
for ALK-positive metastatic NSCLC from the FDA [50]. 
Lorlatinib was particularly designed to inhibit tumor muta-
tions that confer resistance to other ALK inhibitors and 
to penetrate the BBB. It was granted priority review by 
the FDA in ALK-positive NSCLC in February 2018 [50]. 
Lorlatinib has shown impressive potency against ROS1 
L2026M, D2033N, and S1986F/Y (Table 1) substitutions 
which confers crizotinib and ceritinib resistance [42, 44]. 
It was reported that it is able to sustain strong growth 
inhibition of ROS1 S1986F/Y cells. Facchinetti and col-
leagues performed structural studies that revealed a con-
formational shift in the alpha-C helix and the glycine-rich 
region close to the active site of the enzyme which influ-
ences crizotinib binding, but permits lorlatinib inhibitory 
activity into the kinase domain [33]. In addition, lorlatinib 
has also shown to be efficacious towards overcoming cri-
zotinib resistance due to bypass-signaling activation [33].

Fig. 2   Summary of all the current ROS1 inhibitors, their major tar-
gets, and investigational status
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Cabozantinib

Cabozantinib is a small-molecule TKI that inhibits the activ-
ity of multiple tyrosine kinases, including the RET proto-
oncogene (RET), MET proto-oncogene (MET), and vascu-
lar endothelial growth factor receptor 2 (VEGFR2) (Fig. 2). 
Cabozantinib is currently an FDA-approved drug for the 
treatment of medullary thyroid carcinoma and more recently 
metastatic renal cancer carcinoma [51, 52]. Cabozantinib 
inhibits wild-type ROS1 and has shown potency against 
crizotinib resistant G2032R and D2033N ROS1 mutations 
(Table 1) [42]. In addition, its ability to sustain a majority 
of the interactions at the enzyme active site accounts for its 
potent inhibition of wild-type and crizotinib-resistant ROS1 
[53]. Cabozantinib is required in dosages inferior to crizo-
tinib this makes administration of the drug difficult due to 
an increase in side effects. It has been reported to be able to 
overcome all resistance conferred by newly identified sec-
ondary mutations [54].

Ceritinib

Ceritinib is a second-generation ALK inhibitor approved 
for crizotinib-resistant ALK-positive NSCLC in preclini-
cal studies [55, 56]. It is a selective oral ALK TKI which 
is supposedly more potent than crizotinib due to a better 
BBB penetrating ability [57, 58]. In ALK-positive NSCLC, 
ceritinib shows potency in both the crizotinib-naïve and the 
crizotinib-resistant settings, but ceritinib’s activity in ROS1-
positive NSCLC is restricted just to crizotinib-naïve patients 
[57]. In addition, ceritinib shows no potency towards most 
ROS1 resistant mutations making it ineffective towards cri-
zotinib-resistant tumors, since most of the mutations account 
for acquired crizotinib resistance in tumors. Another dis-
advantage of ceritinib is that it causes significantly more 
side effects (nausea, vomiting, and diarrhea) than seen with 
crizotinib [57], making crizotinib a more preferable choice 
despite its increased potency.

Entrectinib

Entrectinib is an investigational, orally available small-
molecule TKI [59]. It is clinically active in ROS1 inhibitor-
naïve ROS1-rearranged lung cancers and demonstrates CNS 
activity which makes it advantageous compared to crizotinib 
in that aspect. Given the propensity of brain metastases in 
ROS1 NSCLC, entrectinib was designed to penetrate the 
blood–brain barrier, permitting it to both address preex-
isting CNS lesions and giving it the ability to prevent or 
delay the onset of metastases to the brain [60]. In ROS1-
rearranged lung cancers, entrectinib displayed significant 
disease control and prolonged progression-free survival, but 
it is not effective against crizotinib-resistant ROS1 tumors. 

It demonstrated a lack of activity in tumor cells harboring 
the gatekeeper mutation, L2026M, and the solvent-front 
mutations, D2033N and the G2032R mutation which is the 
primary mutation conferring crizotinib resistance [53, 61].

Ropotrectinib

Ropotrectinib (TPX-0005) is a brain-tumor penetrable 
ROS1/TRK/ALK kinase inhibitor which was designed not 
only to target abnormal activity of ROS1, TRK, and ALK, 
but also to overcome drug resistance caused by the previ-
ous ROS1, neurotrophic tyrosine kinase (NTRK), and ALK 
inhibitors, it received FDA orphan drug designation in June 
2017 for treatment of NSCLC harboring ALK, ROS1, or 
NTRK oncogenic rearrangements (Fig. 2) [62]. It is dis-
tinctly smaller in size than the prevalent ROS1/ALK inhibi-
tors. It can target the ATP-binding site center and is able to 
successfully bypass steric interference caused by mutations 
such as G2032R which engenders clinical resistance [63]. As 
a result, ropotrectinib is an active inhibitor of both wild-type 
and mutant ALK/ROS1 fusions. It displayed the potential 
to fight against multiple resistance mechanisms, including 
mutations, bypass mechanisms, and even metastasis [64]. It 
is currently in clinical trial and the results from the phase 1 
trial would be released later this year.

Others

There are a few other drugs currently under clinical tri-
als that are also thought to be potential ROS1 inhibitors, 
drugs such as ensartinib which is an orally available small 
molecule currently in clinical trial for pediatric ROS1 posi-
tive patients [29, 65], and DS-6051b which is also an orally 
available ROS1 TKI [29].

Although the development of foretinib has been dis-
continued since 2015, Davare and colleagues in a study 
conducted in 2013 found foretinib to be a highly effec-
tive inhibitor of ROS1 in humans and that it demonstrated 
greater potency both in vitro and in vivo compared to crizo-
tinib [37]. Foretinib showed efficacy towards inhibiting the 
G2032R ROS1 mutation which confers crizotinib resistance. 
Hence, it was found to be effective against both wild-type 
ROS1 and the crizotinib-resistant ROS1 mutations [37].

Brigatinib which was approved by the FDA for the treat-
ment of ALK-positive patients with metastatic NSCLC who 
have had disease progression on crizotinib or are intolerant 
to crizotinib [66] was also found to inhibit native ROS1 at 
possible concentrations in patients [53], but was ineffec-
tive against the G2032R mutation which is the predominant 
cause of acquired crizotinib resistance. Thus, exempting it 
from being a top of the line therapy in treatment of ROS1-
positive NSCLC.
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Crizotinib’s inability to penetrate the BBB makes it 
unsuitable for ROS1 cases with metastases to the brain; in 
such cases, lorlatinib, ropotrectinib, ceritinib, and entrec-
tinib are viable options, as they were designed with better 
CNS activity and hence are able to penetrate the BBB [50, 
58, 60, 63]. Although ceritinib and entrectinib have better 
CNS activity than crizotinib, they are ineffective against 
crizotinib-resistant tumors and are only applicable to crizo-
tinib-naïve patients; hence, they can be used in metastasized 
ROS1 patients or patients with crizotinib intolerance. So 
far, lorlatinib and ropotrectinib seem to be the most potent 
drugs in inhibiting ROS1, with good CNS activity, ability 
to inhibit resistance mutations, and their ability to overcome 
crizotinib resistance due to bypass-signaling activation. Lor-
latinib is currently approved for ALK-positive NSCLC and 
ropotrectinib is undergoing clinical trials [50]. Hopefully, 
the results when released at the end of the trials will be what 
is needed to take it on its way to first/second line therapy for 
the treatment of metastatic ROS1-positive NSCLC.

Discussion

ROS1 inhibitors have shown to be highly effective against 
ROS1-positive NSCLC, but acquired resistance to these 
drugs often leads to disease progression in the patients; 
therefore, the design of stronger molecules is vital. Improve-
ment of ROS1 inhibition will help in delivering better and 
enhanced therapy for patients with this type of lung cancer. 
In addition, the developments of better CNS penetrating 
TKIs are vital for patients, whose cancer metastasizes to 
the brain.

Cancer cells can acquire resistance in array of ways. The 
most comprehended mechanism of resistance is genetic 
alteration of the drug target. Gene alteration in the form 
of point mutations is a significant factor underlying drug 
resistance in ROS1, whereby the presence of one or more 
mutations leads to resistance of one or more inhibitors. 
The ability to ascertain the character of various resistance 
mechanisms towards ROS1-targeted therapies is imperative 
for enhancement of treatment against disease progression 
[67]. The type of targeted therapy used for treatment will 
depend on the existence and amount of certain mutations in 
the cancer patient.

Activation of bypass-signaling pathways is another lead-
ing cause of drug resistance in ROS1 lung cancer. Therefore, 
signal pathway investigation is important for the develop-
ment of better drugs for combination therapies. In addition, 
a better understanding of the different signal pathways will 
lead to the development of drugs capable of inhibiting/
blocking said pathways, consequently combatting resistance.

There is an urgent need for sensitive clinical detection 
methods to identify the different resistance mechanisms 

from blood and tissues upon disease progression. Early 
detection of the responsible resistance mechanism will be 
useful to design a treatment plan which can hinder tumor 
progression and thwart further drug resistance.

Conclusion

ROS1-positive NSCLC cases are not very common, but 
identification of such cases is eminent due to the discovery 
of various targeted therapies. Sadly, disease progression as 
a result of acquired resistance frequently occurs, this is a 
significant obstacle in successfully treating ROS1 lung can-
cer. Understanding the molecular alterations underlying the 
development of resistance to targeted therapies is necessary 
to develop therapeutic strategies against disease progression, 
as well as to design new and effective combination thera-
pies. These new approaches show promise against effectively 
combatting ROS1 and improving treatment for patients with 
ROS1-positive lung cancer.
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