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ABSTRACT

ROS1 tyrosine kinase inhibitors (TKIs) were found to pro-
vide a substantial clinical benefit for patients with advanced
ROS1-positive (ROS1þ) NSCLC. Nevertheless, TKI resis-
tance inevitably develops with different mechanisms, pre-
venting prolonged responses. For this reason, next-
generation compounds are under clinical development.
ROS1 F2004 substitutions have been previously detected on
circulating tumor DNA of patients progressing to entrecti-
nib. Hereby, we report the case of a patient with ROS1þ
NSCLC in which F2004V-acquired mutation was detected on
a site of disease progression, after entrectinib and crizotinib
failure. A subsequent treatment with next-generation TKI
repotrectinib led to disease response, providing the first
clinical evidence of activity of repotrectinib against F2004V
resistance mutation.

� 2023 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/
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Introduction
ROS1 gene fusions are targetable oncogenic alter-

ations that occur in approximately 1% to 2% of NSCLC.
The efficacy of ROS1 tyrosine kinase inhibitors (TKIs) is
prominent, with entrectinib and crizotinib being
approved as standard treatments for patients with
advanced NSCLC harboring ROS1 fusions. Subsequent
next-generation TKIs, such as lorlatinib and repo-
trectinib, were also found to have a strong therapeutic
potential in both pretreated and untreated patients.

Anyway, TKIs are challenged by ensuing mechanisms
of acquired resistance. The largest data come from post-
crizotinib analyses where different ROS1 point mutations
can be found in 50% to 60% of resistant tumors.
ROS1G2032R is the most frequent, followed by ROS1D2033N,
ROS1S1986F, and ROS1L2026M,1 and a single case report
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described ROS1F2004C acquisition, together with sarco-
matoid transformation, after crizotinib failure.2 Limited
clinical data are available with regard to first-line
entrectinib resistance mechanisms. Dimou et al.3

described the case of a patient treated in the context of
the phase 1 STARTRK-1 trial (NCT02097810) with evi-
dence of ROS1F2004V mutation in plasma circulating tu-
mor DNA after entrectinib failure. In addition, dynamic
monitoring by means of circulating tumor DNA
sequencing of patients enrolled in STARTRK-2 trial
(NCT02568267) revealed the presence of ROS1G2032R

and ROS1F2004C/I mutations in up to 28% of patients at
progression.4

Hereby, we describe the identification of ROS1F2004V

that emerged on a site of disease progression after fail-
ure of sequential treatment with entrectinib and crizo-
tinib and we provide the first clinical evidence of activity
of repotrectinib against such resistance mutation.

Case Presentation
Briefly, a 49-year-old never-smoker woman was

diagnosed with having stage IV lung adenocarcinoma
harboring CD74-ROS1 fusion, with lung, lymph node,
bone, and multiple brain metastases. The timeline of
clinical history with treatment sequence, local therapies,
and molecular assessments is reported in Figure 1. Our
patient was treated with entrectinib 600 mg daily for a
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Figure 1. (A) Timeline of the clinical history, reporting treatme
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total of 18 months, followed by crizotinib with a stable
disease maintained for 7 months, and carboplatin with
liver and brain progression as best response. At that
point, a biopsy was performed on a liver metastasis of
lung adenocarcinoma, allowing the identification by
next-generation sequencing (NGS) analysis of CD74-ROS1
fusion transcript together with an acquired ROS1F2004V

mutation. Subsequently, the patient began fourth-line
repotrectinib therapy, 160 mg twice daily, within a
compassionate use program. The treatment was well
tolerated, and, after 2 months, brain and liver partial
response with thoracic stability were documented.
Nevertheless, after 5 months on repotrectinib, the pa-
tient experienced brain, subcutaneous, subcarinal, and
bronchial disease progression determining partial oc-
clusion of the left main bronchus. Notably, liver locali-
zations contextually achieved a complete response. NGS
analysis (Oncomine Focus Assay version 3.1 panel) on
the adenocarcinoma from the bronchial sample
confirmed the presence of CD74-ROS1 fusion but absence
of ROS1F2004V mutation.

Discussion
Patterns of on-target resistance mutations differ be-

tween type I and type II ROS1 TKIs, which are charac-
terized by binding the catalytically active or inactive
conformation, respectively. Docking studies revealed
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that entrectinib binds with high affinity to adenosine
triphosphate pocket of both active (type I) and inactive
(type II) conformations. Thus, entrectinib may be sus-
ceptible to induce a subset of type I and type II binding
mode resistance mutations. F2004 substitutions reside
within the adenosine triphosphate pocket and emerged
in vitro as liable for resistance against type II inhibitors
cabozantinib and foretinib, but not against type I in-
hibitors (crizotinib, lorlatinib, repotrectinib, and brig-
atinib). In experiments of induced mutagenesis in BaF3
CD74-ROS1 and EZR-ROS1 cells by exposure to N-ethyl-
N-nitrosourea, ROS1F2004C developed as a recurrent
entrectinib-resistant mutation, whereas next-generation
macrocyclic inhibitors, lorlatinib and repotrectinib,
retain potency against ROS1F2004C.5 These results are
consistent with available clinical evidence, where F2004
substitutions appear mostly after progression to
entrectinib1,3,4 and are vulnerable to lorlatinib.2,3

In our clinical case, F2004V emerged after sequential
treatment with entrectinib and crizotinib, and the next-
generation inhibitor repotrectinib led to a complete
response on the site of identification of such subpopu-
lation of tumor cells. Anyway, a different cluster lacking
ROS1F2004V was responsible for disease progression after
a few months.
Conclusions
Repotrectinib overcomes F2004V resistance muta-

tion, which is more often inducible by entrectinib in
ROS1-positive NSCLC. In this case, intratumor hetero-
geneity of resistance mechanisms prevented durable
clinical benefit with ROS1 TKIs.
CRediT Authorship Contribution
Statement

Elio Gregory Pizzutilo: Conceptualization, Data
curation, Formal analysis, Investigation, Methodology,
Resources, Supervision, Validation, Visualization,
Writing—original draft, Writing—review and editing.

Alberto Giuseppe Agostara: Data curation, Formal
analysis, Investigation, Resources, Supervision,
Writing—original draft.

Laura Roazzi: Data curation, Roles/Writing—orig-
inal draft.
Rebecca Romanò: Data curation, Roles/Writing—
original draft.

Valentina Motta: Data curation, Formal analysis,
Investigation, Visualization.

Calogero Lauricella: Data curation, Formal analysis,
Investigation, Visualization.

Giovanna Marrapese: Data curation, Resources,
Supervision.

Giulio Cerea: Supervision, Writing—review and
editing.

Diego Signorelli: Supervision, Writing—review and
editing.

Silvio Marco Veronese: Supervision, Writing—re-
view and editing.

Laura Giuseppina Giannetta: Supervision,
Writing—review and editing.

Andrea Sartore-Bianchi: Supervision, Writing—re-
view and editing.

Salvatore Siena: Supervision, Writing—review and
editing.

Acknowledgments
The authors were supported by Fondazione Oncologia
Niguarda ONLUS and Università degli Studi di Milano.
Informed consent authorizing use and disclosure of her
health information has been obtained from the patient.

References
1. Gainor JF, 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:PO.17.00063.

2. Ko HJ, Hsu CK, Yeh YC, Huang HC. ROS-1 TKI for the
treatment of concurrent sarcomatoid transformation and
acquired ROS-1 F2004C mutation in a lung adenocarci-
noma patient. Pulmonology. 2022;28:76–79.

3. Dimou A, Ou SHI, Doebele RC. Dramatic response to lor-
latinib in a patient with CD74-ROS1-positive lung adeno-
carcinoma with acquired F2004V mutation. JCO Precis
Oncol. 2019;3:PO.19.00013.

4. Doebele RC, Dziadziuszko R, Drilon A, et al. LBA28 -
Genomic landscape of entrectinib resistance from ctDNA
analysis in STARTRK-2. Ann Oncol. 2019;30:v865.

5. Keddy C, Shinde P, Jones K, et al. Resistance profile
and structural modeling of next-generation ROS1
tyrosine kinase inhibitors. Mol Cancer Ther.
2022;21:336–346.

http://refhub.elsevier.com/S2666-3643(23)00098-X/sref1
http://refhub.elsevier.com/S2666-3643(23)00098-X/sref1
http://refhub.elsevier.com/S2666-3643(23)00098-X/sref1
http://refhub.elsevier.com/S2666-3643(23)00098-X/sref1
http://refhub.elsevier.com/S2666-3643(23)00098-X/sref2
http://refhub.elsevier.com/S2666-3643(23)00098-X/sref2
http://refhub.elsevier.com/S2666-3643(23)00098-X/sref2
http://refhub.elsevier.com/S2666-3643(23)00098-X/sref2
http://refhub.elsevier.com/S2666-3643(23)00098-X/sref3
http://refhub.elsevier.com/S2666-3643(23)00098-X/sref3
http://refhub.elsevier.com/S2666-3643(23)00098-X/sref3
http://refhub.elsevier.com/S2666-3643(23)00098-X/sref3
http://refhub.elsevier.com/S2666-3643(23)00098-X/sref4
http://refhub.elsevier.com/S2666-3643(23)00098-X/sref4
http://refhub.elsevier.com/S2666-3643(23)00098-X/sref4
http://refhub.elsevier.com/S2666-3643(23)00098-X/sref5
http://refhub.elsevier.com/S2666-3643(23)00098-X/sref5
http://refhub.elsevier.com/S2666-3643(23)00098-X/sref5
http://refhub.elsevier.com/S2666-3643(23)00098-X/sref5

	Repotrectinib Overcomes F2004V Resistance Mutation in ROS1-Rearranged NSCLC: A Case Report
	Introduction
	Case Presentation
	Discussion
	Conclusions
	CRediT Authorship Contribution Statement
	References


