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Abstract

ROS1T gene fusions are an established oncogenic driver comprising 1%-2% of non-small cell lung cancer (NSCLC). Successful targeting
of ROST fusion oncoprotein with oral small-molecule tyrosine kinase inhibitors (TKIs) has revolutionized the treatment landscape of metastatic
ROST1 fusion-positive (ROS1+) NSCLC and transformed outcomes for patients. The preferred Food and Drug Administration-approved first-line
therapies include crizotinib, entrectinib, and repotrectinib, and currently, selection amongst these options requires consideration of the sys-
temic and CNS efficacy, tolerability, and access to therapy. Of note, resistance to ROS1 TKls invariably develops, limiting the clinical benefit of
these agents and leading to disease relapse. Progress in understanding the molecular mechanisms of resistance has enabled the development
of numerous next-generation ROS1 TKls, which achieve broader coverage of ROS7 resistance mutations and superior CNS penetration than
first-generation TKls, as well as other therapeutic strategies to address TKI resistance. The approach to subsequent therapy depends on the
pace and pattern of progressive disease on the initial ROS1 TKI and, if known, the mechanisms of TKI resistance. Herein, we describe a practical
approach for the selection of initial and subsequent therapies for metastatic ROS1+ NSCLC based on these clinical considerations. Additionally,
we explore the evolving evidence for the optimal treatment of earlierstage, non—-metastatic ROS1+ NSCLC, while, in parallel, highlighting
future research directions with the goal of continuing to build on the tremendous progress in the management of ROS1+ NSCLC and ultimately
improving the longevity and well-being of people living with this disease.
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Implications for Practice

Understanding of the biology of ROST fusion-positive (ROS1+) non-small cell lung cancer (NSCLC) and treatment approaches has
progressed immensely over the past decades, resulting in improved outcomes for patients. This review provides an overview of the
evolving treatment landscape for ROS1+ NSCLC. The authors discuss the framework for the initial and subsequent treatment of patients
with metastatic ROS1+ lung cancer and offer clinical considerations for the treatment of patients with earlierstage, non-metastatic
disease. Areas that warrant future research to continue to advance outcomes for patients are highlighted.

Introduction ROS1 inhibitors and other novel strategies to tackle TKI-
refractory disease.

Here, we provide an up-to-date overview of the arsenal of
ROS1-targeted therapies that are approved or in clinical devel-
opment. We discuss the approach to selecting agents for initial
and subsequent treatment of patients with advanced ROS1+
lung cancer, and additionally provide a framework for treatment
of patients with earlier-stage disease, highlighting future direc-
tions for research to facilitate continued progress in this field.

Since the discovery of ROS1 gene fusions in non-small cell
lung cancer (NSCLC) in 2007, our understanding of dis-
ease biology and therapeutic strategies has evolved remark-
ably, leading to improved patient outcomes.! ROS1 gene
fusions are established drivers across diverse types of adult
and pediatric cancers? and result in the expression of a chi-
meric oncoprotein in which the tyrosine kinase domain of
ROST1 is fused to a non-native N-terminal binding part-
ner.> Aberrant expression and constitutive activation of
ROS1 lead to unchecked proliferation of tumor cells. The
approval of effective oral small-molecule inhibitors of

Diagnosis of ROS1 fusion-positive NSCLC

ROS1 in ROS1 fusion-positive (ROS1+) NSCLC has revo-
lutionized its treatment paradigm.*® However, resistance to
ROS1 tyrosine kinase inhibitors (TKIs) invariably occurs
and causes disease relapse.” Understanding the molec-
ular mechanisms of resistance has been crucial in laying
the groundwork for the development of next-generation

Clinicopathologic features and epidemiology

ROS1 fusions occur in 1%-2% of patients with NSCLC,
accounting for approximately 18 500-37 000 newly diag-
nosed patients globally each year.®'* In NSCLC, ROS1 fusions
are associated with adenocarcinoma histology, younger age at
diagnosis, and a history of never or light smoking.®!" Of note,
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Figure 1. Timeline of advances in ROST fusion-positive non—-small cell lung cancer (NSCLC), including the discovery of ROST gene fusions, approval

of ROS1 tyrosine kinase inhibitors, and development of investigational ROS1 inhibitors. Crizotinib and entrectinib are also approved by the European
Medicines Agency (EMA) and globally. *Lorlatinib is not approved by the FDA for the treatment of patients with metastatic ROS7 fusion-positive NSCLC
but is recommended as a subsequent treatment option by the NCCN guidelines and included in the ESMO guidelines.

ROS1 fusions rarely overlap with other oncogenic driver
alterations in de novo disease.'”> Most patients (85%) with
ROS1+ NSCLC present with stage IV cancer and 20%-40%
have brain metastases at initial diagnosis.'>!*

Detection of ROS1 fusions and indications for
testing

Over 30 ROSI fusion partner genes have been identi-
fied in NSCLC, most commonly CD74, EZR, SCD4, and
SLC34A2.%41 Broad molecular testing, including for ROS1
fusions, is recommended by multiple guidelines including
the National Comprehensive Cancer Network (NCCN) and
European Society for Medical Oncology (ESMO) guidelines
for patients with advanced lung adenocarcinoma, large cell,
and NSCLC not otherwise specified, and should also be con-
sidered for those with advanced squamous cell carcinoma.'®!”

Various methodologies are used to detect ROS1 fusions,
including fluorescent in situ hybridization (FISH), immunohis-
tochemistry (IHC), real-time reverse transcription polymerase
chain reaction (RT-PCR), and next-generation sequencing
(NGS), each associated with advantages and limitations. Break-
apart FISH was used in the early studies of ROS1+ NSCLC?®!218
but can be technically challenging and lead to false-negative
and false-positive results.’> While IHC is a faster method
requiring minimal tissue, interpretation can also be challenging
due to variations in ROS1 staining patterns and background
ROST1 staining."” Given the potential for false-positives, a pos-
itive ROS1 THC result requires confirmatory testing with an
orthogonal method."? As the list of validated biomarkers in
NSCLC continues to grow, NGS is a preferred method that
enables probing for a broad panel of known oncogenes and can
detect fusion partners, whether known or novel.'>!” However,
NGS requires more tissue and has a slower turnaround time,
and therefore, in circumstances where tissue is limited, FISH
or RT-PCR may serve as alternatives. Liquid biopsy offers a
noninvasive approach for biomarker testing, especially when
tissue biopsy is not feasible or yields insufficient sample.?’ On
the other hand, tissue NGS has a higher sensitivity than plasma
NGS, with sensitivity of the latter dependent on the overall
burden of disease and shedding of circulating tumor DNA
(ctDNA).2% Thus, it is essential to recognize that liquid biopsy
can be nondiagnostic, and to consider rebiopsy to obtain ade-
quate tissue for molecular testing when warranted.

Overview of ROS1 Inhibitors

In 2016, crizotinib became the first Food and Drug
Administration (FDA)-approved targeted therapy for ROS1+

NSCLC and a harbinger of the development of additional,
including next-generation, ROS1 TKIs (Figure 1).2' ROS1
shares 49% sequence homology to anaplastic lymphoma
kinase (ALK) in the kinase domain (and 77% identity at the
ATP-binding site), and this has proven clinically meaningful
as certain—but not all (eg, alectinib)—ALK inhibitors also
have anti-ROS1 activity.»?2 In this section, we review the key
efficacy and safety data for ROS1 inhibitors, with additional
investigational agents shown in Tables 1 and 2.

Crizotinib

Crizotinib is a multikinase inhibitor (MKI) with activity
against ROS1, ALK, and mesenchymal-epidermal transition
(MET).*¥ The FDA approval of crizotinib for the treatment
of patients with advanced ROS1+ NSCLC was based on the
results from a multicenter phase I trial PROFILE 1001, which
demonstrated an objective response rate (ORR) of 72% and
median progression-free survival (mPFS) of 19.2 months in
this patient population.*?! The most frequent adverse events
(AEs) include visual impairment, nausea, vomiting, diarrhea,
constipation, edema, and elevated aminotransferase levels. In
2019, updated results from PROFILE 1001 demonstrated a
mPFS of 19.3 months and median overall survival (mOS) of
51.4 months with no new safety signals, confirming its efficacy
and safety.®® Of note, other phase VI studies of crizotinib in
ROS1+ NSCLC (ie, EUCROSS, AcSé, East Asia phase II, and
METROS) have demonstrated variable PFS with median rang-
ing from 5.5 to 22.8 months but with consistently high ORR’s
ranging from 65% to 72%.%?¢ A major limitation of crizotinib
is the marginal penetration of the blood-brain barrier, resulting
in limited CNS activity and frequent CNS disease relapses.'*

Entrectinib

Entrectinib, a ROS1, ALK, and TRK inhibitor, was approved
by the FDA in 2019 for advanced ROS1+ NSCLC.* An
integrated analysis of ALKA-372-001, STARTRK-1, and
STARTRK-2 trials demonstrated an ORR of 68%, mPFS of
15.7 months and mOS of 47.8 months.” The most frequent
entrectinib-associated AEs include dysgeusia, dizziness, and
constipation. An important distinction from crizotinib is that
entrectinib has improved CNS penetration and activity. The
intracranial ORR among 25 patients with measurable baseline
CNS metastases in the long-term integrated analysis was 80%
with a median intracranial PFS of 8.8 months (Table 3).”

Lorlatinib

Lorlatinib is a potent and CNS-penetrant ALK and ROS1
inhibitor evaluated in a phase I/II clinical trial among patients
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metastatic ROS1+ NSCLC after at least 2 ROS1 TKIs.*$4
The ARROS-1 trial has now transitioned to phase II and will
evaluate the efficacy and safety in both TKI-naive and TKI-
pretreated patients.

Approach to selection of initial therapy for
metastatic disease

With the emerging data on next-generation ROS1 TKIs, the
first-line treatment landscape for metastatic ROS1+ NSCLC is
evolving. Following the recent FDA approval of repotrectinib,
the NCCN guidelines have been updated to include crizo-
tinib, entrectinib, or repotrectinib as preferred first-line ther-
apy for metastatic ROS1+ NSCLC (Figure 2).7* Prospective
trial data comparing each of these first-line options are not
yet available; however, ongoing phase III trials are comparing
crizotinib versus entrectinib (NCT04603807) and crizotinib
versus repotrectinib (NCT06140836; TRIDENT-3).50!

While awaiting the results of these direct comparison stud-
ies, the selection of first-line therapy requires weighing several
factors including the systemic and CNS efficacy, tolerability,
and access (eg, regulatory approval and drug reimbursement).
Given the poor CNS penetration as a limitation of crizotinib,
CNS-active TKIs entrectinib and repotrectinib are favored
for patients with known brain metastases. Despite the lack
of phase III trial results at this time, based on the available
data, next-generation ROS1 TKIs such as repotrectinib and
taletrectinib do appear to result in systemic PFS that is longer
(median 33.2 to 35.7 months) than that historically reported
for first-generation ROS1 TKIs crizotinib and entrectinib
(median 15.7 to 19.2 months in global studies).**2%3 This is
reminiscent of what has been observed in randomized phase
III trials of first- versus next-generation TKIs in ALK+ and
EGFR-mutated NSCLC.’*¥ Overall, next-generation ALK/
EGFR TKIs demonstrated a clinically meaningful increase
in mPFS compared to first-generation agents, resulting in
their supplantation of earlier-generation TKIs as standard-of-
care.’>®" Thus, across driver genotypes of NSCLC, the evolv-
ing treatment paradigm has reflected the shift of more potent,
next-generation targeted therapies toward upfront rather
than later-line use.

As additional next-generation ROS1 TKIs are evaluated in
the first-line setting, the focus will be on whether there are
key differences amongst the next-generation agents (eg, repo-
trectinib, taletrectinib, and zidesamtinib) in the systemic and
CNS activity and tolerability. The initial treatment paradigm
will continue to be refined as these questions are answered.

Resistance to ROS1 inhibitors and selection of
subsequent therapies

The approach to the selection of subsequent therapies should
be determined based on the pace and pattern of progressive
disease (PD) as well as on mechanisms of resistance to ther-
apy, if known. Here, we provide a practical overview of treat-
ment approaches in the setting of oligoprogression, isolated
CNS progression, and systemic progression (Figure 2).

Oligoprogression

Oligoprogression in therapy, defined as PD involving a lim-
ited number of sites with ongoing disease control elsewhere, is
a well-recognized phenomenon.®' Several retrospective stud-
ies have demonstrated a role for local therapy (eg, radiation,

The Oncologist, 2024, Vol. 29, No. 1

surgery, and ablation) to address the oligo-PD in patients in
EGFR-mutated or fusion oncogene-driven NSCLC on tar-
geted therapy.®’*> For example, in one study that evaluated
61 patients with advanced ALK (7 =37), ROSI (n=12), or
RET (n=12) fusion-positive lung adenocarcinomas treated
with genotype-matched TKI, the receipt of local therapy for
solitary or oligo-PD yielded a median of 6.8 months from
local therapy to subsequent progression and a median of 10
months from local therapy to next systemic therapy.®> A pro-
spective phase II randomized trial (CURB) demonstrated that
stereotactic body radiotherapy (SBRT) to treat oligoprogres-
sive metastatic NSCLC resulted in a more than 4-fold PFS
benefit.®* Collectively, these data support that for patients
who develop solitary or oligo-PD while on a ROS1 inhibitor,
local therapy to the progressive lesions can be considered and
may enable extended duration on a given TKI.

Isolated CNS progression

CNS-only progression is another frequently observed pat-
tern of PD on a ROS1 inhibitor. Indeed, in half of patients
treated with crizotinib, CNS represents the sole site of PD.'*
In general, the optimal approach to addressing CNS-only PD
varies depending on the (1) TKI being used, (2) the pattern
and extent of CNS involvement, and (3) symptoms from CNS
disease, and requires multidisciplinary evaluation. For limited
CNS PD, local therapy with focal brain-directed radiotherapy
or neurosurgical resection may be used, but for multifocal
CNS PD, a switch in systemic therapy (such as to a ROS1 TKI
with a higher level of CNS penetrance, if available) or whole
brain radiotherapy are considered.

Studies performed to date have focused on addressing CNS
relapse in patients treated with crizotinib. While entrectinib
is a CNS-active TKI, the intracranial efficacy was modest in
patients experiencing CNS-only progression on crizotinib
with an intracranial ORR of 19% and median intracranial
PFS of 4.5 months.?” In contrast, in a phase II trial, lorlatinib
induced deep, durable intracranial responses in patients with
CNS-only progression on crizotinib (12-week intracranial
ORR of 87%, complete intracranial response rate of 60%,
median intracranial PFS of 38.8 months).*® More recently,
next-generation ROS1 TKIs repotrectinib, taletrectinib, and
zidesamtinib have shown encouraging CNS activity (Table
3).6333¢ Thus, for patients experiencing multifocal CNS PD
on a first-generation ROS1 inhibitor, switching to a next-
generation ROS1 TKI with known CNS penetrance is favored.
Our understanding of the CNS efficacy of next-generation
agents following CNS PD on entrectinib or another CNS-
penetrant next-generation TKI needs to be better delineated
to optimize TKI sequencing strategies.

Systemic progression

Extrapolating from data in EGFR-mutated NSCLC, it is
worth noting that for slow, asymptomatic progression,
immediate change in therapy is not always required and
patients may be able to continue a given ROS1 TKI while
being cautiously monitored for change in the pace of PD or
development of disease-related symptoms.®*® In the face of
significant systemic progression necessitating a switch in ther-
apy, knowledge of the molecular mechanism of drug resis-
tance (Figure 3) can inform subsequent treatment selection.
Rebiopsy is ideal if safe and feasible, as it enables assessment
for evidence of histologic transformation and genotyping for
acquired alterations. Liquid biopsy with ctDNA NGS can
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Figure 2. Approach to treatment of metastatic ROS7 fusion-positive non—small cell lung cancer. Preferred FDA-approved first-line therapy options
include crizotinib, entrectinib, or repotrectinib. *Investigational next-generation ROS1 inhibitors taletrectinib and zidesamtinib can also be considered in
the first-line setting. At disease progression, the selection of subsequent treatment should be determined based on the pattern of progressive disease
and (for addressing systemic progression with switch in systemic therapy) mechanism of drug resistance, if known through rebiopsy. **In addressing
CNS progression on a ROS1 inhibitor, multidisciplinary evaluation to assess the optimal use of surgery, radiation, versus switch in systemic therapy

is essential. **Consider continuing ROS1 TKI for nontransformed clones. ****Consider also for polyclonal resistance or concurrent on- and off-target
resistance. Abbreviations: TKI, tyrosine kinase inhibitor; ROS1+, ROST fusion-positive; CNS, central nervous system.

also be considered, acknowledging that (1) sensitivity may
be limited due to variable degrees of ctDNA shedding, (2)
histologic transformations cannot be identified with liquid
biopsies, and (3) detection of copy number changes may not
always be reliable.”*

On-target resistance

The emergence of on-target resistance is a recurrent theme
across cancers in which the selective pressure of targeted
therapy induces on-target genomic alterations to confer drug
resistance. Various secondary point mutations in the ROS1
kinase domain at frequencies ranging from 8% to 46%
have been described in ROS1+ NSCLC treated with ROS1
TKIs.”%¢ The G2032R solvent front mutation is the most
common ROST resistance mutation (described in up to 41%
of patients post-crizotinib and 32% post-lorlatinib), which
causes steric interference to TKI binding.”*¢ While crizo-
tinib, entrectinib, and lorlatinib are not active against ROS1
G2032R, next-generation ROS1 TKIs (repotrectinib, taletrec-
tinib, and zidesamtinib) have demonstrated activity against
this mutation.®33364675 A spectrum of other acquired ROS1
resistance mutations have been described, including D2033N,
L2026M, L1951R, L2086F, L2000V, S1986Y/F, 1.2155S, and
F2004C/1/V.4667

In patients with ROS1 TKI-resistant tumors harboring
acquired ROS1 resistance mutations such as G2032R, a rea-
sonable strategy is to switch to a next-generation TKI known
to cover the specific mutation(s) (Figure 2). Importantly, the
landscape of mechanisms of resistance following first-line

use of a next-generation ROS1 TKI such as repotrectinib
remains to be determined. In an early exploratory analysis
of paired baseline and post-progression ctDNA samples from
TRIDENT-1, no acquired ROS1 resistance mutations were
reported among TKI-naive patients treated with repotrec-
tinib.® Based on the experiences with third-generation EGFR
and ALK TKIs, the use of more potent ROS1 TKIs upfront
may result in diminished emergence of on-target resistance.”®””
Nevertheless, certain ROS1 resistance mutations will remain
refractory to the currently available next-generation ROS1
TKIs and are anticipated to emerge even with first-line use of
next-generation agents. In particular, ROS1 L2086F is known
to be resistant to all type 1 ROS1 TKIs including repotrectinib,
taletrectinib, and zidesamtinib.”*”® Here, TKI-type switching
to a type 2 inhibitor like cabozantinib or a type 1 FLT3 inhib-
itor like gilteritinib has been identified as a potential strategy,
with clinical responses to cabozantinib reported.””®

Off-target resistance with bypass pathway activation

Various ROS1-extrinsic mechanisms of resistance have been
described as drivers of ROS1 TKI-refractory disease. Broadly,
these include off-target activation of signaling pathways or
histologic transformation (Figure 3).

Genomic aberrations in the MET gene, in the form of
amplifications or mutations, represent a shared off-target
resistance mechanism across subsets of NSCLC including
EGFR-mutated or ALK, ROS1, RET fusion-driven NSCLC.
MET amplification has been identified after treatment with
various ROS1 inhibitors including crizotinib, entrectinib, and
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Figure 3. Mechanisms of resistance to ROS1 inhibitors. The mechanisms of resistance are broadly categorized as on-target (ie, ROST resistance
mutations**6%657) and off-target resistance (ie, bypass pathway activation or histologic transformation’¢7%). Polyclonal resistance (or concurrent on- and/
or off-target mechanisms of resistance) may also occur. Abbreviation: TKI, tyrosine kinase inhibitor. Created with BioRender.com.

lorlatinib.”¢%¢° Importantly, acquired resistance driven by
MET amplification is potentially actionable using a ROS1/
MET co-inhibition strategy. Although prospective trials eval-
uating combinations of ROS1 and MET inhibitors have not
been performed, clinical responses to crizotinib monother-
apy (as an anti-ROS1/MET multikinase inhibitor) and to
lorlatinib plus capmatinib combination have been reported
in patients with ROS1+ NSCLC and acquired MET ampli-
fication.®®” In patients with EGFR-mutated NSCLC and
MET amplification-driven resistance to EGFR TKI, the com-
bination of EGFR TKI plus MET TKI has demonstrated
ORRs ranging 27%-67%.5%%! In ALK+ NSCLC with MET
amplification-driven resistance to ALK TKI, a retrospective
case series reported an ORR of 42% achieved with combined
ALK and MET inhibition, concordant with efficacy seen in
the prospective EGFR trials and supportive of the combina-
tion strategy.®8:82:83

A panoply of additional off-target resistance mechanisms
have been described after treatment with ROS1 TKIs, includ-
ing KRAS mutations and amplifications, NRAS mutation,
NF1 loss, MAP2K1 mutation, and activating mutations in
KIT and EGFR.7¢7797> As next-generation ROS1 TKIs move
into first-line, an increasing prevalence of off-target mecha-
nisms of resistance is anticipated, underscoring the impor-
tance of defining additional bypass pathways and evaluating
potential targeted therapeutic strategies.

Off-target resistance with histologic transformation

Although a rare occurrence in ROS1+ NSCLC, small cell
transformation has been described in approximately 2% of
patients with ROS1 TKI-resistant disease, with inactivation
of RB1 and TP53 and loss of ROS1 fusion RNA and pro-
tein expression.”® This is similar to small cell transformation
in EGFR-mutated NSCLC, where dependence on EGFR
is lost. In EGFR-mutated NSCLC, baseline inactivation

of RB1 and TP53 are associated with a 43-fold increase in
the risk of small cell transformation, although the mecha-
nisms underlying transformation are yet to be elucidated.?*$
Transformation from EGFR-mutated and ALK+ lung ade-
nocarcinoma to squamous cell carcinoma has also been
described.®*%” Histologic transformation, albeit infrequent,
underscores the importance of obtaining a tissue biopsy at
disease progression to understand disease biology and deter-
mine treatment options.

Further research is needed on the optimal treatment of
small cell- or squamous cell-transformed ROS1+ lung can-
cer. Currently, there are no biology-directed therapeutic
interventions for histology-transformed tumors, and treat-
ments are confined to histology-specific chemotherapies and
clinical trials. In patients with small cell-transformed EGFR-
mutated lung cancer, variable degrees of clinical benefit from
platinum-etoposide or taxane have been reported.*

No known targetable resistance driver
For patients without a known targetable resistance mech-
anism after a ROS1 TKI, the standard-of-care remains
histology-specific chemotherapy. Whether to continue a CNS-
penetrant ROS1 TKI when initiating chemotherapy remains
an open question. In EGFR-mutated NSCLC, the prospective
randomized COMPEL trial (NCT04765059) is examining
the continuation of osimertinib versus placebo with chemo-
therapy after first-line osimertinib.*” In ALK+ NSCLC, retro-
spective analysis has suggested a significant benefit when a
CNS-active ALK TKI is continued with chemotherapy after
disease progression on next-generation ALK TKIs.”
Anti-PD(L)1 immune checkpoint inhibitor (ICI) monother-
apy does not offer significant benefit for patients with ROS1+
NSCLC. Studies have demonstrated a modest ORR of 13%-
17% with single-agent ICI.”"** Furthermore, prior exposure
to an ICI can augment toxicities with subsequent targeted
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therapies across NSCLC, and the safety impact of sequen-
tial ICI and next-generation ROS1 TKI remains to be char-
acterized fully.”**> Thus, single-agent immunotherapy is not
a favored treatment strategy and should only rarely be con-
sidered when other treatment options have been exhausted,
with vigilant monitoring for toxicities if patients are subse-
quently reintroduced to a ROS1 TKI. The role of combined
chemoimmunotherapy in this patient population is not well
defined. In one multi-institutional retrospective study, chemo-
immunotherapy yielded objective responses in 5 of 6 patients
(ORR 83%) with ROS1+ NSCLC.”* Randomized phase III
trials exploring the question of chemoimmunotherapy ver-
sus chemotherapy alone in EGFR-mutated NSCLC after
EGFR TKI demonstrated no substantial PFS or OS benefit
(ie, KEYNOTE-789, CheckMate-722, and ORIENT-31).96-100
In contrast, combining chemoimmunotherapy together with
an anti-angiogenic agent such as bevacizumab has yielded
conflicting data in trials that largely evaluated patients with
EGFR-mutated NSCLC (ie, IMpower150 subgroup analysis,
IMpower151, ATTLAS, and ORIENT-31).7%101-103

In general, clinical trials should be explored for patients
progressing on ROS1 TKIs with no targetable mechanisms
of resistance. Antibody-drug conjugates represent an emerg-
ing therapeutic modality that has demonstrated some activity
in patients with fusion oncogene-driven (including ROS1+)
NSCLC, with responses observed irrespective of the mech-
anism of TKI resistance.!**'% Further development of resis-
tance mechanism-agnostic treatment strategies for patients
with ROS1 TKI-resistant NSCLC is warranted.

Approach to non-metastatic ROS7 fusion-
positive NSCLC

Across NSCLC with actionable oncogenic drivers, targeted
therapies have started to move into earlier-stage disease.
Below, we review the current treatment paradigm for non—
metastatic ROS1+ NSCLC, recognizing the limitation that it
is one that has been mostly informed by emerging data in
EGFR-mutated and ALK+ NSCLC.

Adjuvant therapy after surgical resection

The phase III ADAURA trial heralded targeted therapy in
surgically resected disease, demonstrating the significantly
prolonged disease-free survival (DFS; hazard ratio [HR]
0.20) and OS (HR 0.49) associated with adjuvant EGFR
TKI osimertinib compared to placebo in patients with com-
pletely resected EGFR-mutated stage IB-IIIA NSCLC.!07:108
Subsequently, the phase III ALINA trial demonstrated the
substantial improvement in DFS (HR 0.24) achieved with
adjuvant ALK TKI alectinib compared to platinum-doublet
chemotherapy in patients with resected ALK+ stage IB-IITA
NSCLC, indicating that the expanded role for targeted ther-
apy may be generalizable across biomarkers.!” The dramatic
benefit achieved with adjuvant osimertinib and alectinib and
their FDA approvals established adjuvant targeted therapy
rather than ICI as standard-of-care for these disease subsets
regardless of PD-L1 expression (ie, even for PD-L1 > 50%),
despite the genotype-agnostic approvals of atezolizumab and
pembrolizumab (based on IMpower010 and KEYNOTE-091,
respectively). 110111

Prospective data evaluating adjuvant ROS1 TKI in sur-
gically resected ROS1+ NSCLC are lacking, and there are
currently no ongoing clinical trials assessing this question.
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Nevertheless, extrapolating from the adjuvant TKI trials in
EGFR/ALK subsets and the evidence that immunotherapy
confers minimal benefit in the metastatic setting, the use of
adjuvant anti-PD(L)1 ICI is not favored for resected ROS1+
NSCLC.”? Understanding the efficacy and long-term tolera-
bility of next-generation ROS1 TKIs will help inform their
optimal placement in the non-metastatic treatment landscape.

Neoadjuvant or perioperative therapy in resectable
cancer

For patients with resectable stage IB-IIIA and IIIB [T3, N2]|
NSCLC, NCCN guidelines recommend testing for PD-L1
status, EGFR mutation, and ALK rearrangement to guide
neoadjuvant or perioperative systemic therapy.!” While
numerous randomized phase III studies (eg, KEYNOTE-671,
CheckMate-816, CheckMate-77T, Neotorch, and AEGEAN),
have established the role of perioperative chemoimmuno-
therapy in resectable NSCLC, these studies have excluded
patients with EGFR-mutant or ALK-rearranged NSCLC or
included small numbers, limiting interpretation for patients
with actionable drivers.!'>'"¢ Thus, the role of neoadjuvant
or perioperative immunotherapy for patients with resectable
ROS1+ NSCLC is unclear. The role of ROS1 TKI in the neo-
adjuvant or perioperative setting for patients with resectable
stage IB-III disease is being explored in the NAUTIKA1 phase
IT trial (NCT04302025).'"”

Consolidation therapy after concurrent
chemoradiation in unresectable cancer

The standard-of-care for patients with unresectable stage I1I
NSCLC following definitive concurrent chemoradiation is
consolidation immunotherapy with durvalumab given the
DEFS and OS benefit demonstrated by the phase III PACIFIC
study and resultant genotype-agnostic FDA and EMA approv-
als.''®120 However, among patients enrolled in PACIFIC, only
6% had a known EGFR mutation and other oncogenic driv-
ers were not characterized. A post hoc PACIFIC subgroup
analysis and additional retrospective studies subsequently
showed that patients with EGFR-mutated NSCLC do not
derive significant DFS or OS benefit from consolidation
durvalumab.'?'-'>* Furthermore, the phase III LAURA study
of maintenance osimertinib versus placebo in patients with
unresectable stage III EGFR-mutated NSCLC treated with
definitive chemoradiation demonstrated a PFS benefit (OS
data immature).'? Extrapolating to ROS1+ NSCLC, robust
data to support the use of consolidation durvalumab are lack-
ing, and exploration of a role for maintenance ROS1 TKI fol-
lowing concurrent chemoradiation is warranted.

Conclusions and future directions

Over the past two decades, our understanding of the biology
and successful targeting of NSCLC harboring ROS1 fusions
has progressed tremendously, transforming care for patients.
Each critical advance—from the discovery of ROS1 fusions
as a biomarker in NSCLC and the approval of crizotinib
as the first ROS1-targeted therapy to the characteriza-
tion of resistance mechanisms and development of next-
generation ROS1 inhibitors—has tangibly improved
outcomes. Going forward, building upon these advances will
require focused efforts to (1) refine the optimal sequencing
of ROS1 TKIs and resistance landscape as next-generation
inhibitors move into first-line use, (2) develop approaches
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to overcome off-target resistance, including mechanism-
agnostic strategies, (3) employ strategies to ablate drug-
tolerant persister cells and residual disease on targeted
therapy to delay or prevent the emergence of drug resistance
and prolong time on TKI,>*'?” (4) move ROS1-directed
therapies into the non-metastatic setting, (5) deepen our
understanding of risk factors for developing ROS1+ NSCLC
to inform early detection and risk reduction strategies, and
(6) optimize integration of palliative and survivorship care
to improve quality of life,!28-130

The evolving landscape for the treatment of ROS1+ NSCLC
is reason for hope for patients, caregivers, and clinicians, and
much more hope lies ahead. We anticipate that continued
research and advances in both therapeutics and early detec-
tion will improve the longevity and well-being of people liv-
ing with ROS1+ lung cancer.

Author contributions

Mary C. Boulanger and Jaime L. Schneider contributed to
conceptualization, investigation, visualization, writing—orig-
inal draft, writing-review & editing. Jessica J. Lin contributed
to conceptualization, investigation, supervision, visualization,
writing—original draft, writing—review & editing

Funding

This work was partially supported by the National Cancer
Institute (NCI; RO1CA164273), a Career Enhancement
Program award from the Dana-Farber/Harvard Cancer
Center Lung SPORE NCI P50, and the Massachusetts
General Hospital Executive Committee on research Claflin
Distinguished Scholar Award (to ].J.L.); American Cancer
Society Institutional Research Grant, the Eleonor and Miles
Shore Award, and a K12 Career Development Award (to
J.L.S.); and T32CA071345 (to M.C.B).

Conflict of Interest

M.C.B. has no disclosures. J.L.S. has received research funding
from Gilead. J.J.L. has served as a compensated consultant for
Genentech, C4 Therapeutics, Blueprint Medicines, Nuvalent,
Bayer, Elevation Oncology, Novartis, Mirati Therapeutics,
AnHeart Therapeutics, Takeda, CLaiM Therapeutics,
Ellipses, AstraZeneca, Bristol Myers Squibb, Daiichi
Sankyo, Yuhan, Merus, Regeneron, Pfizer, and Turning Point
Therapeutics; has received institutional research funds from
Hengrui Therapeutics, Turning Point Therapeutics, Neon
Therapeutics, Relay Therapeutics, Bayer, Elevation Oncology,
Roche, Linnaeus Therapeutics, Nuvalent, and Novartis; and
travel support from Pfizer and Merus.

Data Availability

No new data were generated or analyzed in support of this
research.

References

1. Rikova K, Guo A, Zeng Q, et al. Global survey of phosphotyro-
sine signaling identifies oncogenic kinases in lung cancer. Cell.
2007;131(6):1190-1203. https://doi.org/10.1016/j.cell.2007.11.025

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

The Oncologist, 2024, Vol. 29, No. 1

Drilon A, Jenkins C, Iyer S, et al. ROS1-dependent cancers —
biology, diagnostics and therapeutics. Nat Rev Clin Oncol.
2021;18(1):35-55. https://doi.org/10.1038/s41571-020-0408-9
Lin JJ, Shaw AT. Recent advances in targeting ROS1 in lung cancer. |
Thorac Oncol. 2017;12(11):1611-1625. https://doi.org/10.1016/j.
jtho.2017.08.002

Shaw AT, Ou SHI, Bang Y], et al. Crizotinib in ROS1-rearranged
non-small-cell lung cancer. N Engl | Med. 2014;371(21):1963-
1971. https://doi.org/10.1056/NEJMoa1406766

Drilon A, Siena S, Dziadziuszko R, et al.; trial investigators. Entrec-
tinib in ROS1 fusion-positive non-small-cell lung cancer: integrated
analysis of three phase 1-2 trials. Lancet Oncol. 2020;21(2):261-
270. https://doi.org/10.1016/S1470-2045(19)30690-4

Drilon A, Camidge DR, Lin JJ, et al.; TRIDENT-1 Investigators.
Repotrectinib in ROS1 fusion—positive non—small-cell lung cancer.
N Engl ] Med. 2024;390(2):118-131. https://doi.org/10.1056/NE]-
Mo0a2302299

Lin JJ, Choudhury NJ, Yoda S, et al. Spectrum of mechanisms of
resistance to crizotinib and lorlatinib in ROS1 fusion—positive
lung cancer. Clin Cancer Res. 2021;27(10):2899-2909. https://doi.
org/10.1158/1078-0432.CCR-21-0032

Bergethon K, Shaw AT, Ignatius Ou SH, et al. ROS1 rearrange-
ments define a unique molecular class of lung cancers. | Clin Oncol.
2012;30(8):863-870. https://doi.org/10.1200/jc0.2011.35.6345
American Cancer Society. Facts & figures 2019. 2019. Accessed
April 18, 2024. https://www.cancer.org/content/dam/cancer-org/
research/cancer-facts-and-statistics/annual-cancer-facts-and-fig-
ures/2019/cancer-facts-and-figures-2019.pdf

Cancer.net. 2024. Lung cancer - non-small cell: statistics. Accessed
April 18, 2024. https://www.cancer.net/cancer-types/lung-cancer-
non-small-cell/statistics

. Woo JH, Kim TJ, Kim TS, Han J. CT features and disease spread

patterns in ROS1-rearranged lung adenocarcinomas: comparison
with those of EGFR-mutant or ALK-rearranged lung adenocar-
cinomas. Sci Rep. 2020;10(1):16251. https://doi.org/10.1038/
$41598-020-73533-y

Lin JJ, Ritterhouse LL, Ali SM, et al. ROS1 fusions rarely over-
lap with other oncogenic drivers in non-small cell lung cancer. |
Thorac Omncol. 2017;12(5):872-877. https://doi.org/10.1016/j.
jth0.2017.01.004

Gainor JE Tseng D, Yoda S, et al. Patterns of metastatic spread
and mechanisms of resistance to crizotinib in ROS1-positive non—
small-cell lung cancer. JCO Precis Oncol. 2017:1-13. https://doi.
0rg/10.1200/P0.17.00063

Patil T, Smith DE, Bunn PA, et al. The incidence of brain metastases
in stage IV ROS1-rearranged non-small cell lung cancer and rate of
central nervous system progression on crizotinib. | Thorac Oncol.
2018;13(11):1717-1726. https://doi.org/10.1016/j.jtho.2018.07.001
Ou SHI, Nagasaka M. A Catalog of 5’ fusion partners in ROS1-
positive NSCLC Circa 2020. JTO Clin Res Rep.2020;1(3):100048.
https://doi.org/10.1016/j.jtocrr.2020.100048

Hendriks LE, Kerr KM, Menis J, et al. Oncogene-addicted metastatic
non-small-cell lung cancer: ESMO Clinical Practice Guideline for
diagnosis, treatment and follow-up. Ann Oncol. 2023;34(4):339-
357. https://doi.org/10.1016/j.annonc.2022.12.009

National Comprehensive Cancer Network. 2024. Non-small cell
lung cancer version 4.2024. Accessed April 18, 2024. https://www.
ncen.org/professionals/physician_gls/pdf/nscl_blocks.pdf

Almquist D, Ernani V. The road less traveled: a guide to metastatic
ROS1-rearranged non-small-cell lung cancer. JCO Oncol Pract.
2021;17(1):7-14. https://doi.org/10.1200/0OP.20.00819

Rimkunas VM, Crosby KE, Li D, et al. Analysis of receptor tyrosine
kinase ROS1-positive tumors in non-small cell lung cancer: identi-
fication of a FIG-ROS1 fusion. Clin Cancer Res.2012;18(16):4449-
4457. https://doi.org/10.1158/1078-0432.CCR-11-3351
Dagogo-Jack I, Rooney M, Nagy R]J, et al. Molecular analysis of
plasma from patients With ROS1-positive NSCLC. ] Thorac Oncol.
2019;14(5):816-824. https://doi.org/10.1016/j.jtho.2019.01.009


https://doi.org/10.1016/j.cell.2007.11.025
https://doi.org/10.1038/s41571-020-0408-9
https://doi.org/10.1016/j.jtho.2017.08.002
https://doi.org/10.1016/j.jtho.2017.08.002
https://doi.org/10.1056/NEJMoa1406766
https://doi.org/10.1016/S1470-2045(19)30690-4
https://doi.org/10.1056/NEJMoa2302299
https://doi.org/10.1056/NEJMoa2302299
https://doi.org/10.1158/1078-0432.CCR-21-0032
https://doi.org/10.1158/1078-0432.CCR-21-0032
https://doi.org/10.1200/jco.2011.35.6345
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2019/cancer-facts-and-figures-2019.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2019/cancer-facts-and-figures-2019.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2019/cancer-facts-and-figures-2019.pdf
https://www.cancer.net/cancer-types/lung-cancer-non-small-cell/statistics
https://www.cancer.net/cancer-types/lung-cancer-non-small-cell/statistics
https://doi.org/10.1038/s41598-020-73533-y
https://doi.org/10.1038/s41598-020-73533-y
https://doi.org/10.1016/j.jtho.2017.01.004
https://doi.org/10.1016/j.jtho.2017.01.004
https://doi.org/10.1200/PO.17.00063
https://doi.org/10.1200/PO.17.00063
https://doi.org/10.1016/j.jtho.2018.07.001
https://doi.org/10.1016/j.jtocrr.2020.100048
https://doi.org/10.1016/j.annonc.2022.12.009
https://www.nccn.org/professionals/physician_gls/pdf/nscl_blocks.pdf
https://www.nccn.org/professionals/physician_gls/pdf/nscl_blocks.pdf
https://doi.org/10.1200/OP.20.00819
https://doi.org/10.1158/1078-0432.CCR-11-3351
https://doi.org/10.1016/j.jtho.2019.01.009

The Oncologist, 2024, Vol. 29, No. 11

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

U.S. Food and Drug Administration. 2016. FDA approves crizo-
tinib capsules. Accessed April 18, 2024. https://www.fda.gov/
drugs/resources-information-approved-drugs/fda-approves-crizo-
tinib-capsules

Chin LP, Soo RA, Soong R, Ou SHI. Targeting ROS1 with anaplas-
tic lymphoma kinase inhibitors: a promising therapeutic strategy
for a newly defined molecular subset of non—-small-cell lung cancer.
J Thorac Oncol. 201257(11):1625-1630. https://doi.org/10.1097/
JTO.0b013e31826baf83

Michels S, Massuti B, Schildhaus HU, et al. Safety and efficacy
of crizotinib in patients with advanced or metastatic ROS1-
rearranged lung cancer (EUCROSS): a European phase II clin-
ical trial. J Thorac Oncol. 2019;14(7):1266-1276. https://doi.
0rg/10.1016/.jtho.2019.03.020

Moro-Sibilot D, Cozic N, Pérol M, et al. Crizotinib in c-MET-
or ROS1-positive NSCLC: results of the AcSé phase II trial. Ann
Oncol. 2019;30(12):1985-1991. https://doi.org/10.1093/annonc/
mdz407

Wu YL, Yang JCH, Kim DW, et al. Phase II study of crizotinib in
east asian patients with ROS1-positive advanced non-small-cell
lung cancer. | Clin Oncol. 2018;36(14):1405-1411. https://doi.
org/10.1200/JC0O.2017.75.5587

Landi L, Chiari R, Tiseo M, et al. Crizotinib in MET-
deregulated or ROS1-rearranged pretreated non—small cell lung
cancer (METROS): a phase II, prospective, multicenter, two-
arms trial. Clin Cancer Res. 2019;25(24):7312-7319. https://doi.
org/10.1158/1078-0432.CCR-19-0994

Drilon A, Chiu CH, Fan Y, et al. Long-term efficacy and safety of
entrectinib in ROS1 fusion—positive NSCLC. JTO Clin Res Rep.
2022;3(6):100332. https://doi.org/10.1016/j.jtocrr.2022.100332
Lim SM, Kim HR, Lee ]S, et al. Open-label, multicenter, phase II
Study of ceritinib in patients with non-small-cell lung cancer har-
boring ROS1 rearrangement. | Clin Oncol. 2017;35(23):2613-
2618. https://doi.org/10.1200/JC0O.2016.71.3701

Takahashi T, Niho S, Toyozawa R, et al. Phase II study of brigatinib
in patients with TKI-naive ROS1-rearranged non-small cell lung
cancer (NSCLC): Barossa study. Presented at: [SMO; 2023; Kyoto,
Japan.

Lu S, Pan H, Wu L, et al. Efficacy, safety and pharmacokinetics of
unecritinib (TQ-B3101) for patients with ROS1 positive advanced
non-small cell lung cancer: a phase I/II trial. Signal Transduct Target
Ther. 2023;8(1):249. https://doi.org/10.1038/s41392-023-01454-2
Shaw AT, Solomon BJ, Chiari R, et al. Lorlatinib in advanced
ROS1-positive non-small-cell lung cancer: a multicentre, open-
label, single-arm, phase 1-2 trial. Lancet Oncol. 2019;20(12):1691-
1701. https://doi.org/10.1016/S1470-2045(19)30655-2

Ahn BC, Kim Y]J, Kim DW, et al. Lorlatinib in TKI naive, advanced
ROS1-positive non-small-cell lung cancer: a multicenter, open-
label, single-arm, phase 2 trial. Presented at: ASCOj; 2024; Chicago,
IL. https://doi.org/10.1200/JCO.2024.42.16_suppl.851

Li W., Li K., Fan H., et al. 14MO - Updated efficacy and safety of
taletrectinib in patients (pts) with ROS1+ non-small cell lung can-
cer (NSCLC). Presented at: ELCC; 2023; Copenhagen, Denmark.
Li W, Xiong A, Yang N, et al. Efficacy and safety of taletrectinib in
chinese patients with ROS1+ non-small cell lung cancer: the phase
II TRUST-I study. | Clin Oncol. 2024. https://doi.org/10.1200/
JCO.24.00731

Nagasaka M, Ohe Y, Zhou C, et al. TRUST-II: a global phase 1I
study of taletrectinib in ROS1-positive non-small-cell lung cancer
and other solid tumors. Future Oncol. 2023;19(2):123-135. https://
doi.org/10.2217/fon-2022-1059

Drilon A, Besse B, Camidge D. Safety and preliminary clinical activ-
ity of NVL-520, a highly selective ROS1 inhibitor, in patients with
advanced ROS1 fusion-positive solid tumors. Paper presented at:
EORTC NCI AACR 34th Symposium; 2022; Barcelona, Spain.
Rodig SJ, Shapiro GI. Crizotinib, a small-molecule dual inhibitor of
the c-Met and ALK receptor tyrosine kinases. Curr Opin Investig
Drugs.2010;11(12):1477-1490.

38.

39.

40.

41.

42.

43.

44,

4S.

46.

47.

48.

49.

50.

S1.

52.

53.

953

Shaw AT, Riely GJ, Bang Y], et al. Crizotinib in ROS1-rearranged
advanced non-small-cell lung cancer (NSCLC): updated results,
including overall survival, from PROFILE 1001. Ann Omncol.
2019;30(7):1121-1126. https://doi.org/10.1093/annonc/mdz131
U.S. Food and Drug Administration. 2019. FDA approves entrec-
tinib for NTRK solid tumors and ROS-1 NSCLC. Accessed April
18, 2024. https://www.fda.gov/drugs/resources-information-ap-
proved-drugs/fda-approves-entrectinib-ntrk-solid-tumors-and-ros-
1-nsclc

Schneider JL, Muzikansky A, Lin JJ, et al. A phase 2 study of lorla-
tinib in patients with ROS1-rearranged lung cancer with brain-only
progression on crizotinib. JTO Clin Res Rep. 2022;3(7):100347.
https://doi.org/10.1016/j.jtocrr.2022.100347

U.S. Food and Drug Administration. 2021. FDA approves lorlati-
nib for metastatic ALK-positive NSCLC. Accessed April 18, 2024.
https://www.fda.gov/drugs/resources-information-approved-drugs/
fda-approves-lorlatinib-metastatic-alk-positive-nsclc

Drilon A, Ou SHI, Cho BC, et al. Repotrectinib (TPX-0005) Is a
next-generation ROS1/TRK/ALK inhibitor that potently inhib-
its ROS1/TRK/ALK solvent- front mutations. Cancer Discov.
2018;8(10):1227-1236. https://doi.org/10.1158/2159-8290.cd-18-
0484

U.S. Food and Drug Administration. 2023. FDA approves repo-
trectinib for ROS1-positive non-small cell lung cancer. https://
www.fda.gov/drugs/resources-information-approved-drugs/fda-
approves-repotrectinib-ros1-positive-non-small-cell-lung-cancer
Perol M, Yang N, Choi CM, et al. Efficacy and safety of taletrec-
tinib in patients with ROS1+ non-small cell lung cancer (NSCLC):
interim analysis of Global TRUST-II Study. Presented at: ESMO;
2023; Madrid, Spain.

ClinicalTrials.gov. 2024. Taletrectinib Phase 2 Global Study in
ROS1 Positive NSCLC (TRUST-II). Accessed April 18, 2024.
https://classic.clinicaltrials.gov/ct2/show/NCT04919811

Drilon A, Horan JC, Tangpeerachaikul A, et al. NVL-520 is a
selective, TRK-sparing, and brain-penetrant inhibitor of ROS1
fusions and secondary resistance mutations. Cancer Discov.
2023;13(3):598-615.  https://doi.org/10.1158/2159-8290.CD-22-
0968

ClinicalTrials.gov. 2024. A study of NVL-520 in patients with
advanced NSCLC and other solid tumors harboring ROS1 rear-
rangement (ARROS-1). Accessed April 18, 2024. https://classic.
clinicaltrials.gov/ct2/show/NCT05118789

OncLive. 2024. FDA grants breakthrough therapy designation to
NVL-520 for metastatic ROS1+ NSCLC. Accessed April 18,2024.
https://www.onclive.com/view/fda-grants-breakthrough-therapy-
designation-to-nvl-520-for-metastatic-ros1-nsclc

Nuvalent. 2024. Nuvalent receives U.S. FDA breakthrough ther-
apy designation for NVL-520. Accessed April 18, 2024. https://
investors.nuvalent.com/2024-02-27-Nuvalent-Receives-U-S-FDA-
Breakthrough-Therapy-Designation-for-NVL-520
ClinicalTrials.gov. 2024. A study to compare the efficacy and safety
of entrectinib and crizotinib in participants with advanced or meta-
static ROS1 non-small cell lung cancer (NSCLC) with and without
central nervous system (CNS) metastases. Accessed April 18,2024.
https://classic.clinicaltrials.gov/ct2/show/NCT04603807
ClinicalTrials.gov. 2024. A study of repotrectinib versus crizotinib
in participants with locally advanced or metastatic tyrosine kinase
inhibitor (TKI)-naive ROS1-positive non-small cell lung cancer
(NSCLC) (TRIDENT-3). Accessed April 18, 2024. https:/classic.
clinicaltrials.gov/ct2/show/NCT06140836

Peters S, Camidge DR, Shaw AT, et al.; ALEX Trial Investigators.
Alectinib versus crizotinib in untreated ALK-positive non-small-
cell lung cancer. N Engl ] Med. 2017;377(9):829-838. https://doi.
org/10.1056/NEJMoal1704795

Camidge DR, Kim HR, Ahn M], et al. Brigatinib versus crizo-
tinib in ALK-positive non-small-cell lung cancer. N Engl |
Med. 2018;379(21):2027-2039.  https://doi.org/10.1056/NE]-
Moal810171


https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-crizotinib-capsules
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-crizotinib-capsules
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-crizotinib-capsules
https://doi.org/10.1097/JTO.0b013e31826baf83
https://doi.org/10.1097/JTO.0b013e31826baf83
https://doi.org/10.1016/j.jtho.2019.03.020
https://doi.org/10.1016/j.jtho.2019.03.020
https://doi.org/10.1093/annonc/mdz407
https://doi.org/10.1093/annonc/mdz407
https://doi.org/10.1200/JCO.2017.75.5587
https://doi.org/10.1200/JCO.2017.75.5587
https://doi.org/10.1158/1078-0432.CCR-19-0994
https://doi.org/10.1158/1078-0432.CCR-19-0994
https://doi.org/10.1016/j.jtocrr.2022.100332
https://doi.org/10.1200/JCO.2016.71.3701
https://doi.org/10.1038/s41392-023-01454-z
https://doi.org/10.1016/S1470-2045(19)30655-2
https://doi.org/10.1200/JCO.2024.42.16_suppl.851
https://doi.org/10.1200/JCO.24.00731
https://doi.org/10.1200/JCO.24.00731
https://doi.org/10.2217/fon-2022-1059
https://doi.org/10.2217/fon-2022-1059
https://doi.org/10.1093/annonc/mdz131
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-entrectinib-ntrk-solid-tumors-and-ros-1-nsclc
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-entrectinib-ntrk-solid-tumors-and-ros-1-nsclc
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-entrectinib-ntrk-solid-tumors-and-ros-1-nsclc
https://doi.org/10.1016/j.jtocrr.2022.100347
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-lorlatinib-metastatic-alk-positive-nsclc
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-lorlatinib-metastatic-alk-positive-nsclc
https://doi.org/10.1158/2159-8290.cd-18-0484
https://doi.org/10.1158/2159-8290.cd-18-0484
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-repotrectinib-ros1-positive-non-small-cell-lung-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-repotrectinib-ros1-positive-non-small-cell-lung-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-repotrectinib-ros1-positive-non-small-cell-lung-cancer
https://classic.clinicaltrials.gov/ct2/show/NCT04919811
https://doi.org/10.1158/2159-8290.CD-22-0968
https://doi.org/10.1158/2159-8290.CD-22-0968
https://classic.clinicaltrials.gov/ct2/show/NCT05118789
https://classic.clinicaltrials.gov/ct2/show/NCT05118789
https://www.onclive.com/view/fda-grants-breakthrough-therapy-designation-to-nvl-520-for-metastatic-ros1-nsclc
https://www.onclive.com/view/fda-grants-breakthrough-therapy-designation-to-nvl-520-for-metastatic-ros1-nsclc
https://investors.nuvalent.com/2024-02-27-Nuvalent-Receives-U-S-FDA-Breakthrough-Therapy-Designation-for-NVL-520
https://investors.nuvalent.com/2024-02-27-Nuvalent-Receives-U-S-FDA-Breakthrough-Therapy-Designation-for-NVL-520
https://investors.nuvalent.com/2024-02-27-Nuvalent-Receives-U-S-FDA-Breakthrough-Therapy-Designation-for-NVL-520
https://classic.clinicaltrials.gov/ct2/show/NCT04603807
https://classic.clinicaltrials.gov/ct2/show/NCT06140836
https://classic.clinicaltrials.gov/ct2/show/NCT06140836
https://doi.org/10.1056/NEJMoa1704795
https://doi.org/10.1056/NEJMoa1704795
https://doi.org/10.1056/NEJMoa1810171
https://doi.org/10.1056/NEJMoa1810171

954

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Horn L, Wang Z, Wu G, et al. Ensartinib vs crizotinib for patients
with anaplastic lymphoma kinase—positive non—small cell lung can-
cer: a randomized clinical trial. JAMA Oncol. 2021;7(11):1617-
1625. https://doi.org/10.1001/jamaoncol.2021.3523

Shaw AT, Bauer TM, De Marinis F, et al.; CROWN Trial Investi-
gators. First-line lorlatinib or crizotinib in advanced ALK-positive
lung cancer. N Engl ] Med. 2020;383(21):2018-2029. https://doi.
org/10.1056/NEJMo0a2027187

Cheng Y, He Y, Li W, et al. Osimertinib versus comparator
EGFR TKI as first-line treatment for EGFR-mutated advanced
NSCLC: FLAURA China, a randomized study. Target Oncol.
2021;16(2):165-176. https://doi.org/10.1007/s11523-021-00794-
6

Cho BC, Ahn MJ, Kang JH, et al. Lazertinib versus gefitinib as
first-line treatment in patients with EGFR-mutated advanced
non-small-cell lung cancer: results from LASER301. | Clin Oncol.
2023;41(26):4208-4217. https://doi.org/10.1200/JCO.23.00515
Lu S, Dong X, Jian H, et al. AENEAS: a randomized phase
II trial of aumolertinib versus gefitinib as first-line ther-
apy for locally advanced or metastaticnon—small-cell Lung
cancer with EGFR Exon 19 deletion or L858R mutations. |
Clin Oncol. 2022;40(27):3162-3171. https://doi.org/10.1200/
JCO.21.02641

Shi Y, Chen G, Wang X, et al.; FURLONG investigators. Fur-
monertinib (AST2818) versus gefitinib as first-line therapy for
Chinese patients with locally advanced or metastatic EGFR
mutation-positive non-small-cell lung cancer (FURLONG): a mul-
ticentre, double-blind, randomised phase 3 study. Lancet Respir
Med. 2022;10(11):1019-1028.  https://doi.org/10.1016/52213-
2600(22)00168-0

Mok TS, Wu YL, Ahn M], et al. Osimertinib or platinum—peme-
trexed in EGFR T790M-positive lung cancer. N Engl | Med.
2017;376(7):629-640. https://doi.org/10.1056/nejmoal612674
Weickhardt AJ, Scheier B, Burke JM, et al. Local ablative therapy
of oligoprogressive disease prolongs disease control by tyrosine
kinase inhibitors in oncogene-addicted non—small-cell lung cancer.
J Thorac Oncol. 2012;7(12):1807-1814. https://doi.org/10.1097/
JTO.0b013e3182745948

Hubbeling H, Choudhury N, Flynn J, et al. Outcomes with local
therapy and tyrosine kinase inhibition in patients with ALK
/ ROS1 / RET-rearranged lung cancers. JCO Precis Oncol.
2022;6(6):€2200024. https://doi.org/10.1200/P0O.22.00024

Tsai CJ, Yang JT, Shaverdian N, et al.; CURB Study Group.
Standard-of-care systemic therapy with or without stereotactic
body radiotherapy in patients with oligoprogressive breast cancer
or non-small-cell lung cancer (consolidative use of radiotherapy to
block [CURB] oligoprogression): an open-label, randomised, con-
trolled, phase 2 study. Lancet. 2024;403(10422):171-182. https:/
doi.org/10.1016/S0140-6736(23)01857-3

Park K, Yu CJ, Kim SW, et al. First-line erlotinib therapy until and
beyond response evaluation criteria in solid tumors progression
in Asian patients with epidermal growth factor receptor muta-
tion—positive non-small-cell lung cancer: the ASPIRATION study.
JAMA Oncol. 201652(3):305-312. https://doi.org/10.1001/jamao-
ncol.2015.4921

Lo PC, Dahlberg SE, Nishino M, et al. Delay of treatment change
after objective progression on first-line erlotinib in epidermal growth
factor receptor-mutant lung cancer. Cancer. 2015;121(15):2570-
2577. https://doi.org/10.1002/cncr.29397

McCoach CE, Le AT, Gowan K, et al. Resistance mechanisms
to targeted therapies in ROS1 + and ALK + non-small cell lung
cancer. Clin Cancer Res. 2018;24(14):3334-3347. https://doi.
org/10.1158/1078-0432.CCR-17-2452

D’Angelo A, Sobhani N, Chapman R, et al. Focus on ROS1-
Positive non-small cell lung cancer (NSCLC): crizotinib, resis-
tance mechanisms and the newer generation of targeted therapies.
Cancers (Basel). 2020;12(11):3293. https://doi.org/10.3390/can-
cers12113293

Schneider JL, Shaverdashvili K, Mino-Kenudson M, et al. Lorla-
tinib and capmatinib in a ROS1-rearranged NSCLC with MET-

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82

83.

84.

The Oncologist, 2024, Vol. 29, No. 1

driven resistance: tumor response and evolution. NPJ Precis Oncol.
2023;7(1):116. https://doi.org/10.1038/s41698-023-00464-y

Tyler LC, Le AT, Chen N, et al. MET gene amplification is a mech-
anism of resistance to entrectinib in ROS1 + NSCLC. Thorac
Cancer. 2022;13(21):3032-3041. https://doi.org/10.1111/1759-
7714.14656

Zhu Y, Lin X, Li X, et al. Concurrent ROS1 gene rearrangement
and KRAS mutation in lung adenocarcinoma: a case report and
literature review. Thorac Cancer. 2018;9(1):159-163. https://doi.
org/10.1111/1759-7714.12518

Dziadziuszko R, Le AT, Wrona A, et al. An activating KIT muta-
tion induces crizotinib resistance in ROS1-positive lung cancer. |
Thorac Oncol. 2016;11(8):1273-1281. https://doi.org/10.1016/;.
jtho.2016.04.001

Sato H, Schoenfeld AJ, Siau E, et al. MAPK pathway alterations
correlate with poor survival and drive resistance to therapy in
patients with lung cancers driven by ROS1 fusions. Clin Cancer
Res. 2020;26(12):2932-2945. https://doi.org/10.1158/1078-0432.
CCR-19-3321

Lin JJ, Langenbucher A, Gupta P, et al. Small cell transformation
of ROS1 fusion-positive lung cancer resistant to ROS1 inhibition.
NPJ Precis Oncol. 2020;4(1):21. https://doi.org/10.1038/s41698-
020-0127-9

Rolfo C, Mack PC, Scagliotti GV, et al. Liquid biopsy for advanced
non-small cell lung cancer (NSCLC): a statement paper from
the TASLC. | Thorac Oncol. 2018;13(9):1248-1268. https://doi.
0rg/10.1016/;.jtho.2018.05.030

Yun MR, Kim DH, Kim SY, et al. Repotrectinib exhibits potent
antitumor activity in treatment-naive and solvent-front-mutant
ROS1-rearranged non-small cell lung cancer. Clin Cancer Res.
2020;26(13):3287-3295. https://doi.org/10.1158/1078-0432.
CCR-19-2777

Piper-Vallillo AJ, Sequist LV, Piotrowska Z. Emerging treatment
paradigms for EGFR-mutant lung cancers progressing on osimerti-
nib: a review. | Clin Oncol. 2020;38(25):2926-2936. https://doi.
0rg/10.1200/jc0.19.03123

Schneider JL, Lin JJ, Shaw AT. ALK-positive lung cancer: a moving
target. Nat Cancer. 2023;4(3):330-343. https://doi.org/10.1038/
s43018-023-00515-0

Thawani R, Repetto M, Keddy C, et al. TKI type switching over-
comes ROS1 L2086F in ROS1 fusion-positive cancers., 2024.
https://doi.org/10.1101/2024.01.16.575901

Takakura T, Kanemura H, Sakai K, et al. Efficacy of crizotinib after
entrectinib resistance due to MET polysomy in ROS1-rearranged
NSCLC: a case report. JTO Clin Res Rep. 2023;4(6):100523.
https://doi.org/10.1016/j.jtocrr.2023.100523

Wu YL, Zhang L, Kim DW, et al. Phase Ib/II study of capmati-
nib (INC280) plus gefitinib after failure of epidermal growth
factor receptor (EGFR) inhibitor therapy in patients with EGFR-
mutated, MET factor-dysregulated non-small-cell lung cancer.
J Clin Oncol. 2018;36(31):3101-3109. https://doi.org/10.1200/
JCO.2018.77.7326

Hartmaier R], Markovets AA, Ahn M]J, et al. Osimertinib + Savoli-
tinib to overcome acquired MET-mediated resistance in epidermal
growth factor receptor-mutated, MET-amplified non-small cell
lung cancer: TATTON. Cancer Discov. 2023;13(1):98-113. https://
doi.org/10.1158/2159-8290.CD-22-0586

. Dagogo-Jack I, Kiedrowski LA, Heist RS, et al. Efficacy and tolera-

bility of ALK/MET combinations in patients with ALK-rearranged
lung cancer with acquired MET amplification: a retrospective
analysis. JTO Clin Res Rep. 2023;4(8):100534. https://doi.
org/10.1016/}.jtocrr.2023.100534

Qin K, Hong L, Zhang J, Le X. MET Amplification as a resis-
tance driver to TKI therapies in lung cancer: clinical challenges
and opportunities. Cancers (Basel). 2023;15(3):612. https://doi.
org/10.3390/cancers15030612

Cooper AJ, Sequist LV, Lin JJ. Third-generation EGFR and ALK
inhibitors: mechanisms of resistance and management. Nat Rev
Clin Oncol. 2022;19(8):499-514. https://doi.org/10.1038/s41571-
022-00639-9


https://doi.org/10.1001/jamaoncol.2021.3523
https://doi.org/10.1056/NEJMoa2027187
https://doi.org/10.1056/NEJMoa2027187
https://doi.org/10.1007/s11523-021-00794-6
https://doi.org/10.1007/s11523-021-00794-6
https://doi.org/10.1200/JCO.23.00515
https://doi.org/10.1200/JCO.21.02641
https://doi.org/10.1200/JCO.21.02641
https://doi.org/10.1016/S2213-2600(22)00168-0
https://doi.org/10.1016/S2213-2600(22)00168-0
https://doi.org/10.1056/nejmoa1612674
https://doi.org/10.1097/JTO.0b013e3182745948
https://doi.org/10.1097/JTO.0b013e3182745948
https://doi.org/10.1200/PO.22.00024
https://doi.org/10.1016/S0140-6736(23)01857-3
https://doi.org/10.1016/S0140-6736(23)01857-3
https://doi.org/10.1001/jamaoncol.2015.4921
https://doi.org/10.1001/jamaoncol.2015.4921
https://doi.org/10.1002/cncr.29397
https://doi.org/10.1158/1078-0432.CCR-17-2452
https://doi.org/10.1158/1078-0432.CCR-17-2452
https://doi.org/10.3390/cancers12113293
https://doi.org/10.3390/cancers12113293
https://doi.org/10.1038/s41698-023-00464-y
https://doi.org/10.1111/1759-7714.14656
https://doi.org/10.1111/1759-7714.14656
https://doi.org/10.1111/1759-7714.12518
https://doi.org/10.1111/1759-7714.12518
https://doi.org/10.1016/j.jtho.2016.04.001
https://doi.org/10.1016/j.jtho.2016.04.001
https://doi.org/10.1158/1078-0432.CCR-19-3321
https://doi.org/10.1158/1078-0432.CCR-19-3321
https://doi.org/10.1038/s41698-020-0127-9
https://doi.org/10.1038/s41698-020-0127-9
https://doi.org/10.1016/j.jtho.2018.05.030
https://doi.org/10.1016/j.jtho.2018.05.030
https://doi.org/10.1158/1078-0432.CCR-19-2777
https://doi.org/10.1158/1078-0432.CCR-19-2777
https://doi.org/10.1200/jco.19.03123
https://doi.org/10.1200/jco.19.03123
https://doi.org/10.1038/s43018-023-00515-0
https://doi.org/10.1038/s43018-023-00515-0
https://doi.org/10.1101/2024.01.16.575901
https://doi.org/10.1016/j.jtocrr.2023.100523
https://doi.org/10.1200/JCO.2018.77.7326
https://doi.org/10.1200/JCO.2018.77.7326
https://doi.org/10.1158/2159-8290.CD-22-0586
https://doi.org/10.1158/2159-8290.CD-22-0586
https://doi.org/10.1016/j.jtocrr.2023.100534
https://doi.org/10.1016/j.jtocrr.2023.100534
https://doi.org/10.3390/cancers15030612
https://doi.org/10.3390/cancers15030612
https://doi.org/10.1038/s41571-022-00639-9
https://doi.org/10.1038/s41571-022-00639-9

The Oncologist, 2024, Vol. 29, No. 11

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Lee JK, Lee J, Kim S, et al. Clonal history and genetic predictors
of transformation into small-cell carcinomas from lung adeno-
carcinomas. | Clin Oncol. 2017;35(26):3065-3074. https://doi.
0rg/10.1200/JC0O.2016.71.9096
Haruki T, Nakanishi A, Matsui S, et al. Transformation from adeno-
carcinoma to squamous cell carcinoma associated with long-term
administration of EGFR-TKIs. Mol Clin Oncol. 2020;13(6):1-1.
https://doi.org/10.3892/mc0.2020.2152
Park S, Han J, Sun JM. Histologic transformation of ALK-
rearranged adenocarcinoma to squamous cell carcinoma after
treatment with ALK inhibitor. Lung Cancer. 2019;127:66-68.
https://doi.org/10.1016/j.lungcan.2018.11.027
Marcoux N, Gettinger SN, O’Kane G, et al. EGFR-mutant ade-
nocarcinomas that transform to small-cell lung cancer and other
neuroendocrine carcinomas: clinical outcomes. | Clin Oncol.
2019;37(4):278-285. https://doi.org/10.1200/JCO.18.01585
ClinicalTrials.gov. 2024. A study to evaluate chemotherapy plus
osimertinib against chemotherapy plus placebo in patients with
non-small cell lung cancer (NSCLC) (COMPEL). Accessed April
18, 2024. https://classic.clinicaltrials.gov/ct2/show/NCT04765059
Waliany S, Lin J. Efficacy and safety of platinum/pemetrexed with
or without concurrent alectinib or lorlatinib in metastatic ALK
fusion-positive non-small cell lung cancer. Presented at: TTLC;
2024; Santa Monica, CA.
Bylicki O, Guisier F, Monnet I, et al. Efficacy and safety of pro-
grammed cell-death-protein-1 and its ligand inhibitors in pre-
treated patients with epidermal growth-factor receptor-mutated or
anaplastic lymphoma kinase-translocated lung adenocarcinoma.
Medicine (Baltim). 2020;99(3):e18726. https://doi.org/10.1097/
MD.0000000000018726
Mazieres J, Drilon A, Lusque A, et al. Immune checkpoint inhibi-
tors for patients with advanced lung cancer and oncogenic driver
alterations: results from the IMMUNOTARGET registry. Ann
Omncol. 2019;30(8):1321-1328. https://doi.org/10.1093/annonc/
mdz167
Choudhury NJ, Schneider JL, Patil T, et al. Response to immune
checkpoint inhibition as monotherapy or in combination with
chemotherapy in metastatic ROS1-rearranged lung cancers.
JTO Clin Res Rep. 2021;2(7):100187. https://doi.org/10.1016/j.
jtocrr.2021.100187
Schoenfeld AJ, Arbour KC, Rizvi H, et al. Severe immune-related
adverse events are common with sequential PD-(L)1 blockade
and osimertinib. Ann Oncol. 2019;30(5):839-844. https://doi.
org/10.1093/annonc/mdz077
Lin JJ, Chin E, Yeap BY, et al. Increased hepatotoxicity asso-
ciated with sequential immune checkpoint inhibitor and crizo-
tinib therapy in patients with non-small cell lung cancer. |
Thorac Oncol. 2019;14(1):135-140. https://doi.org/10.1016/j.
jtho.2018.09.001
Arter Z, Nagasaka M. The Nail in the Coffin?: examining the
KEYNOTE-789 clinical trial’s impact. Lung Cancer Targets Ther.
2024; 15:1-8. https://doi.org/10.2147/Ictt.s443099
Lee AT, Nagasaka M. CheckMate-722: the rise and fall of
nivolumab with chemotherapy in TKI-refractory EGFR-mutant
NSCLC. Lung Cancer Targets Ther. 2023; 14:41-46. https://doi.
org/10.2147/Ictt.s408886
Lu S, Wu L, Jian H, et al. Sintilimab plus bevacizumab biosim-
ilar IBI305 and chemotherapy for patients with EGFR-mutated
non-squamous non-small-cell lung cancer who progressed on
EGFR tyrosine-kinase inhibitor therapy (ORIENT-31): first
interim results from a randomised, double-blind, multicentre,
phase 3 trial. Lancet Oncol. 2022;23(9):1167-1179. https://doi.
org/10.1016/51470-2045(22)00382-5
Mok T, Nakagawa K, Park K, et al. Nivolumab plus chemother-
apy in epidermal growth factor receptor-mutated metastatic
non-small-cell lung cancer after disease progression on epidermal
growth factor receptor tyrosine kinase inhibitors: final results of
CheckMate 722. | Clin Oncol. 2024;42(11):1252-1264. https://
doi.org/10.1200/JC0O.23.01017

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

955

Yang JC, Lee DH, Lee JS, et al. Pemetrexed and platinum with
or without pembrolizumab for tyrosine kinase inhibitor (TKI)-
resistant, EGFR-mutant, metastatic nonsquamous NSCLC: phase
3 KEYNOTE-789 study. ] Clin Oncol. 2023;41(17):1.

Reck M, Mok TSK, Nishio M, et al.; IMpower150 Study Group.
Atezolizumab plus bevacizumab and chemotherapy in non-small-
cell lung cancer (IMpower150): key subgroup analyses of patients
with EGFR mutations or baseline liver metastases in a randomised,
open-label phase 3 trial. Lancet Respir Med. 2019;7(5):387-401.
https://doi.org/10.1016/52213-2600(19)30084-0

Socinski MA, Nishio M, Jotte RM, et al. IMpower150 final over-
all survival analyses for atezolizumab plus bevacizumab and
chemotherapy in first-line metastatic nonsquamous NSCLC. |
Thorac Oncol.2021;16(11):1909-1924. https://doi.org/10.1016/j.
jtho.2021.07.009

Park S, Kim TM, Han JY, et al. Phase III, randomized study of
atezolizumab plus bevacizumab and chemotherapy in patients
with EGFR- or ALK-mutated non-small-cell lung cancer
(ATTLAS, KCSG-LU19-04). | Clin Oncol. 2024;42(11):1241-
1251. https://doi.org/10.1200/JCO.23.01891

Steuer C, Hayashi H, Su W, et al. Efficacy and safety of patritumab
deruxtecan (HER3-DXd) in advanced/metastatic non-small cell
lung cancer (NSCLC) without EGFR-activating mutations. Pre-
sented at: ASCOj; 2022; Chicago, IL.

Paz-Ares L, Ahn M]J, Lisberg A, et al. TROPION-Lung05: Dato-
potamab deruxtecan (Dato-DXd) in previously treated non-small
cell lung cancer with actionable genomic alterations. Presented
at: ESMO; 2023; Madrid, Spain.

Yu HA, Goto Y, Hayashi H, et al. HERTHENA-Lung01, a phase II
trial of patritumab deruxtecan (HER3-DXd) in epidermal growth
factor receptor-mutated non-small-cell lung cancer after epider-
mal growth factor receptor tyrosine kinase inhibitor therapy and
platinum-based chemotherapy. | Clin Oncol. 2023;41(35):5363-
5375. https://doi.org/10.1200/JCO.23.01476

Wu YL, Tsuboi M, He J, et al.; ADAURA Investigators. Osim-
ertinib in resected EGFR-mutated non—small-cell lung cancer. N
Engl ] Med. 2020;383(18):1711-1723. https://doi.org/10.1056/
NEJMo0a2027071

Tsuboi M, Herbst RS, John T, et al.; ADAURA Investigators. Over-
all survival with osimertinib in resected EGFR-mutated NSCLC.
N Engl ] Med. 2023;389(2):137-147. https://doi.org/10.1056/
NEJMoa2304594

Wu YL, Dziadziuszko R, Ahn JS, et al,; ALINA Investigators.
Alectinib in resected ALK-positive non—small-cell lung cancer. N
Engl ] Med. 2024;390(14):1265-1276. https://doi.org/10.1056/
NEJMoa2310532

Felip E, Altorki N, Zhou C, et al. Adjuvant atezolizumab after
adjuvant chemotherapy in resected stage IB-IIIA non-small-cell
lung cancer (IMpower010): a randomised, multicentre, open-
label, phase 3 trial. Lancet. 2021;398(10308):1344-1357. https://
doi.org/10.1016/s0140-6736(21)02098-5

O’Brien M, Paz-Ares L, Marreaud S, et al.; EORTC-1416-LCG/
ETOP 8-15 - PEARLS/KEYNOTE-091 Investigators. Pem-
brolizumab versus placebo as adjuvant therapy for completely
resected stage IB-IIIA non-small-cell lung cancer (PEARLS/
KEYNOTE-091): an interim analysis of a randomised,
triple-blind, phase 3 trial. Lancet Oncol. 2022;23(10):1274-1286.
https://doi.org/10.1016/51470-2045(22)00518-6

Forde PM, Spicer ], Lu S, et al.; CheckMate 816 Investigators.
Neoadjuvant nivolumab plus chemotherapy in resectable lung
cancer. N Engl | Med. 2022;386(21):1973-1985. https://doi.
org/10.1056/NEJM0a2202170

Wakelee H, Liberman M, Kato T, et al.; KEYNOTE-671 Investi-
gators. Perioperative pembrolizumab for early-stage non—small-
cell lung cancer. N Engl | Med. 2023;389(6):491-503. https://doi.
org/10.1056/NEJM0a2302983

Cascone T, Awad M, Spicer ], et al. Checkmate 77T: phase III
study comparing neoadjuvant nivolumab (NIVO) plus chemo-
therapy (chemo) vs neoadjuvant placebo plus chemo followed by


https://doi.org/10.1200/JCO.2016.71.9096
https://doi.org/10.1200/JCO.2016.71.9096
https://doi.org/10.3892/mco.2020.2152
https://doi.org/10.1016/j.lungcan.2018.11.027
https://doi.org/10.1200/JCO.18.01585
https://classic.clinicaltrials.gov/ct2/show/NCT04765059
https://doi.org/10.1097/MD.0000000000018726
https://doi.org/10.1097/MD.0000000000018726
https://doi.org/10.1093/annonc/mdz167
https://doi.org/10.1093/annonc/mdz167
https://doi.org/10.1016/j.jtocrr.2021.100187
https://doi.org/10.1016/j.jtocrr.2021.100187
https://doi.org/10.1093/annonc/mdz077
https://doi.org/10.1093/annonc/mdz077
https://doi.org/10.1016/j.jtho.2018.09.001
https://doi.org/10.1016/j.jtho.2018.09.001
https://doi.org/10.2147/lctt.s443099
https://doi.org/10.2147/lctt.s408886
https://doi.org/10.2147/lctt.s408886
https://doi.org/10.1016/S1470-2045(22)00382-5
https://doi.org/10.1016/S1470-2045(22)00382-5
https://doi.org/10.1200/JCO.23.01017
https://doi.org/10.1200/JCO.23.01017
https://doi.org/10.1016/S2213-2600(19)30084-0
https://doi.org/10.1016/j.jtho.2021.07.009
https://doi.org/10.1016/j.jtho.2021.07.009
https://doi.org/10.1200/JCO.23.01891
https://doi.org/10.1200/JCO.23.01476
https://doi.org/10.1056/NEJMoa2027071
https://doi.org/10.1056/NEJMoa2027071
https://doi.org/10.1056/NEJMoa2304594
https://doi.org/10.1056/NEJMoa2304594
https://doi.org/10.1056/NEJMoa2310532
https://doi.org/10.1056/NEJMoa2310532
https://doi.org/10.1016/s0140-6736(21)02098-5
https://doi.org/10.1016/s0140-6736(21)02098-5
https://doi.org/10.1016/S1470-2045(22)00518-6
https://doi.org/10.1056/NEJMoa2202170
https://doi.org/10.1056/NEJMoa2202170
https://doi.org/10.1056/NEJMoa2302983
https://doi.org/10.1056/NEJMoa2302983

956

115.

116.

117.

118.

119.

120.

121.

122.

surgery and adjuvant nivo or placebo for previously untreated,
resectable stage II-IIIb NSCLC. ESMO; 2023.

Heymach JV, Harpole D, Mitsudomi T, et al.; AEGEAN Inves-
tigators. Perioperative durvalumab for resectable non—small-cell
lung cancer. N Engl | Med. 2023;389(18):1672-1684. https://doi.
org/10.1056/NEJMo0a2304875

Lu S, Zhang W, Wu L, et al.; Neotorch Investigators. Periop-
erative toripalimab plus chemotherapy for patients with
resectable non-small cell lung cancer: the neotorch random-
ized clinical trial. JAMA. 2024;331(3):201-211. https://doi.
org/10.1001/jama.2023.24735

ClinicalTrials.gov. 2024. A study of multiple therapies in
biomarker-selected patients with resectable stages IB-III non-small
cell lung cancer. Accessed April 18,2024. https://clinicaltrials.gov/
study/NCT04302025

Antonia SJ, Villegas A, Daniel D, et al.; PACIFIC Investigators.
Durvalumab after chemoradiotherapy in stage III non-small-cell
lung cancer. N Engl | Med. 2017;377(20):1919-1929. https://doi.
org/10.1056/NEJMoa1709937

U.S. Food and Drug Administration. 2018. FDA approves
durvalumab after chemoradiation for unresectable stage III
NSCLC. Accessed April 18, 2024. https://www.fda.gov/drugs/
resources-information-approved-drugs/fda-approves-durvalum-
ab-after-chemoradiation-unresectable-stage-iii-nsclc

European Medicines Agency. 2024. Overview. Accessed April 18,
2024.  https://www.ema.europa.eu/en/medicines/human/EPAR/
imfinzi

Naidoo J, Antonia S, Wu YL, et al. Brief report: durvalumab
after chemoradiotherapy in unresectable stage III EGFR-
mutant NSCLC: a post hoc subgroup analysis from PACIFIC. |
Thorac Oncol. 2023;18(5):657-663. https://doi.org/10.1016/j.
jtho.2023.02.009

Aredo JV, Mambetsariev I, Hellyer JA, et al. Durvalumab for stage
III EGFR-mutated NSCLC after definitive chemoradiotherapy. |

123.

124.

125.

126.

127.

128.

129.

130.

The Oncologist, 2024, Vol. 29, No. 1

Thorac Oncol. 2021;16(6):1030-1041. https://doi.org/10.1016/j.
jtho.2021.01.1628

Liu Y, Zhang Z, Rinsurongkawong W, et al. Association of
driver oncogene variations with outcomes in patients with
locally advanced non—small cell lung cancer treated with chemo-
radiation and consolidative durvalumab. JAMA Netw Open.
2022;5(6):€2215589. https://doi.org/10.1001/jamanetworko-
pen.2022.15589

Nassar AH, Kim SY, Aredo ]V, et al. Consolidation osimertinib
versus durvalumab versus observation after concurrent chemo-
radiation in unresectable EGFR-Mutant NSCLC: a multicenter
retrospective cohort study. | Thorac Oncol. 2024;19(6):928-940.
https://doi.org/10.1016/j.jtho.2024.01.012

Targeted Oncology. 2024. Osimertinib enhances progression-free
survival in stage IIl NSCLC. Accessed April 18,2024. https://www.
targetedonc.com/view/osimertinib-enhances-progression-free-sur-
vival-in-stage-iii-nsclc

Sharma SV, Lee DY, Li B, et al. A chromatin-mediated revers-
ible drug-tolerant state in cancer cell subpopulations. Cell.
2010;141(1):69-80. https://doi.org/10.1016/j.cell.2010.02.027
Cabanos HF, Hata AN. Emerging insights into targeted
therapy-tolerant  persister ~ cells in  cancer.  Cancers.
2021;13(11):2666. https://doi.org/10.3390/cancers13112666
Temel JS, Greer JA, Muzikansky A, et al. Early palliative care
for patients with metastatic non-small-cell lung cancer. N Engl
J Med. 2010;363(8):733-742. https://doi.org/10.1056/NE]-
Moal000678

ClinicalTrials.gov. 2024. Patient-centered, optimal integration of
survivorship and palliative care. Accessed April 18, 2024. https:/
clinicaltrials.gov/study/NCT04900935

Hsu ML, Boulanger MC, Olson S, et al. Unmet needs, quality of
life, and financial toxicity among survivors of lung cancer. JAMA
Network Open. 2024;7(4):e246872. https://doi.org/10.1001/
jamanetworkopen.2024.6872


https://doi.org/10.1056/NEJMoa2304875
https://doi.org/10.1056/NEJMoa2304875
https://doi.org/10.1001/jama.2023.24735
https://doi.org/10.1001/jama.2023.24735
https://clinicaltrials.gov/study/NCT04302025
https://clinicaltrials.gov/study/NCT04302025
https://doi.org/10.1056/NEJMoa1709937
https://doi.org/10.1056/NEJMoa1709937
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-durvalumab-after-chemoradiation-unresectable-stage-iii-nsclc
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-durvalumab-after-chemoradiation-unresectable-stage-iii-nsclc
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-durvalumab-after-chemoradiation-unresectable-stage-iii-nsclc
https://www.ema.europa.eu/en/medicines/human/EPAR/imfinzi
https://www.ema.europa.eu/en/medicines/human/EPAR/imfinzi
https://doi.org/10.1016/j.jtho.2023.02.009
https://doi.org/10.1016/j.jtho.2023.02.009
https://doi.org/10.1016/j.jtho.2021.01.1628
https://doi.org/10.1016/j.jtho.2021.01.1628
https://doi.org/10.1001/jamanetworkopen.2022.15589
https://doi.org/10.1001/jamanetworkopen.2022.15589
https://doi.org/10.1016/j.jtho.2024.01.012
https://www.targetedonc.com/view/osimertinib-enhances-progression-free-survival-in-stage-iii-nsclc
https://www.targetedonc.com/view/osimertinib-enhances-progression-free-survival-in-stage-iii-nsclc
https://www.targetedonc.com/view/osimertinib-enhances-progression-free-survival-in-stage-iii-nsclc
https://doi.org/10.1016/j.cell.2010.02.027
https://doi.org/10.3390/cancers13112666
https://doi.org/10.1056/NEJMoa1000678
https://doi.org/10.1056/NEJMoa1000678
https://clinicaltrials.gov/study/NCT04900935
https://clinicaltrials.gov/study/NCT04900935
https://doi.org/10.1001/jamanetworkopen.2024.6872
https://doi.org/10.1001/jamanetworkopen.2024.6872

	Advances and future directions in ROS1 fusion-positive lung cancer
	Introduction
	Diagnosis of ROS1 fusion-positive NSCLC
	Clinicopathologic features and epidemiology
	Detection of ROS1 fusions and indications for testing

	Overview of ROS1 Inhibitors
	Crizotinib
	Entrectinib
	Lorlatinib
	Repotrectinib
	Taletrectinib (DS-6051b)
	Zidesamtinib (NVL-520)

	Approach to selection of initial therapy for metastatic disease
	Resistance to ROS1 inhibitors and selection of subsequent therapies
	Oligoprogression
	Isolated CNS progression
	Systemic progression
	On-target resistance
	Off-target resistance with bypass pathway activation
	Off-target resistance with histologic transformation
	No known targetable resistance driver


	Approach to non–metastatic ROS1 fusion-positive NSCLC
	Adjuvant therapy after surgical resection
	Neoadjuvant or perioperative therapy in resectable cancer
	Consolidation therapy after concurrent chemoradiation in unresectable cancer

	Conclusions and future directions
	References


