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Objective: ROS1 fusions have been identified in 1-2% of non-small-cell lung cancer
(NSCLC) patients; they are validated as a driver of carcinogenesis and could be subjected
to inhibition by crizotinib. However, previous studies suggested a variable progression-free
survival (PFS) ranging from 9.1 to 20.0 months for crizotinib treatment in ROS1-rearranged
NSCLC. Here, we reported a 45-year-old female diagnosed with stage IVB lung adenocar-
cinoma with multiple lymph nodes and bone metastasis carrying a novel MPRIP-ROS1
fusion, which was identified by RNA-based NGS (next-generation sequencing) and was
sensitive to crizotinib treatment.

Materials and Methods: A targeted NGS panel was used to analyze genomic DNA and
total RNA isolated from formalin-fixed paraffin-embedded (FFPE) tissue block of the
patient. An RNA fusion panel based on amplicon sequencing was designed for detection
fusion variation. Fusion results were validated using reverse transcriptase polymerase chain
reaction and Sanger sequencing.

Results: We reported a novel MPRIP-ROSI1 fusion identified in this advanced lung adeno-
carcinoma case. The rearrangement was generated by exons 1-21 of MPRIP at chrl7: p11.2
joined to exons 3543 of ROS1 at chr6: q22.1, which retained an intact kinase domain of
ROSI1. The primary tumor and metastatic lymph nodes were eliminated on computed
tomographic (CT) scan imaging after 2 months' crizotinib treatment, and the multiple bone
metastatic lesions were significantly relieved according to bone scintigraphy images. To date,
the treatment has lasted 16 months, and the patient is still in follow-up showing sustained
response to crizotinib.

Conclusion: The study identified a novel MPRIP-ROS1 fusion that was sensitive to
crizotinib, which provided a new driver of lung adenocarcinoma and potential therapeutic
target for crizotinib. It also expanded NSCLC treatment of ROS1 rearrangement and high-
lighted the importance of genetic testing for precise treatment decision-making.
Keywords: MPRIP-ROS1 fusion, advanced lung adenocarcinoma, sensitive to crizotinib,

next-generation sequencing

Introduction

Lung cancer remains the leading malignancy worldwide, and non-small-cell lung
cancer (NSCLC) accounts for approximately 80% of cases.'> Chromosome rearrange-
ments involving the ROS proto-oncogene 1 receptor tyrosine kinase (ROS1) gene
generally define a unique molecular subset and have been identified in 1-2% of
NSCLC patients.> The morbidity is slightly higher in East Asian populations, which
reports a frequency of 2.4%.” In terms of an estimated 1.5 million new cases of NSCLC
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worldwide each year,” approximately 15,000-30,000 may be
driven by oncogenic ROS1 fusions. To date, more than 20
different fusion partners for ROS1 have been reported in lung
cancer, such as CD74, SLC34A2, EZR, SDC4 and TPM3.°
CD74-ROS1 fusion occurs most frequently in NSCLC,
accounting for 40-45%. With the development of next-
generation sequencing (NGS), numerous unknown gene
fusions have been detected in parallel to other oncogenic
mutations, and novel ROS1 fusion partner genes have been
identified in lung cancer. Especially, RNA-based NGS tech-
nology is currently the most efficient strategy for exact fusion
transcripts detection, which has been widely used in the
molecular diagnosis of gene rearrangement.

All of the fusion genes involving ROS1 5’ deletion are
identified retaining the tyrosine kinase domain. It is a key
feature for ROS1 rearrangement to stimulate multiple
downstream signaling pathways such as MAPK/ERK,
PI3K/AKT and JAK/STAT to drive uncontrolled cellular
proliferation, survival and migration.” And the tyrosine
kinase domain could also be the target region of the
small molecule tyrosine kinase inhibitor, crizotinib,
which had been found to be valid to ROS1/ALK/MET
fusion. The efficacy data from the phase I PROFILE
1001 study demonstrated that advanced ROS1-rearranged
metastatic NSCLC patients with crizotinib obtained an
objective response rate (ORR) of 72% and median pro-
gression-free survival (PFS) of 19.2 months, and crizotinib
consequently had been approved by US Food and Drug
Administration (FDA) on March 11, 2016.° However,
subsequent studies have suggested a shorter PFS ranging
from 9.1 to 15.9 months for crizotinib treatment in ROS1-
rearranged NSCLC.*'? More evidence is warranted for
verifying whether different fusion partners can affect the
therapeutic efficacy of ROS1 inhibitors, especially novel
and rare ROS1 fusion.

Herein we reported a first MPRIP-ROS1 fusion
advanced lung adenocarcinoma case identified by RNA-
based NGS, which achieved a superior response to crizo-
tinib, and expanded the therapeutic approaches for NSCLC
patients carrying ROS1 rearrangement.

Case Presentation

A 45-year-old Chinese female was admitted to the hospital
in March 2019 with a 2-month history of cough and white
sticky phlegm (Figure 1A). The patient had a history of no
smoking, special medical history and cancer family his-
tory. The chest computed tomography (CT) scan showed
an irregular mass in the left upper lung lobe with multiple

mediastinal lymph nodes enlargement (Figure 1B and E).
99mTc—Methylene Diphosphate (MDP) bone scintigraphy
images revealed that osseous destruction in the patient
was characterized by multiple osteoblastic metastases,
including the head of the right humerus, multiple ribs,
multiple vertebras, pelvis and femurs (Figure 1H). No
brain metastatic lesions were identified by cranial mag-
netic resonance imaging (figures not shown). The lung
mass biopsy established the definitive pathologic diagnosis
of invasive lung adenocarcinoma, and the clinical analysis
indicated a stage IVB (cT4N3Mlc).

With written informed consent, the formalin-fixed par-
affin-embedded (FFPE) tissue acquired from the primary
tumor biopsy was detected by targeted NGS method.
A novel ROSI rearrangement involving myosin phospha-
tase Rho interacting protein (MPRIP) gene was identified
by RNA fusion panel based on amplicon sequencing
(Berry Oncology Corporation), which revealed the harbor-
ing of MPRIP exon 21-ROS1 exon 35 rearrangement
(Figure 2A and B). The breakpoints and fusion sequence
were further confirmed using reverse transcriptase poly-
merase chain reaction (RT-PCR) followed by Sanger
sequencing (Figure 2C and D). The novel MPRIP-ROSI1
fusion retained the coiled-coil domains of MPRIP and the
intact kinase domain of ROS1, which could result in con-
stitutive kinase activity and oncogenic transformation.

Based on the identification of this novel ROS1 fusion,
crizotinib was given to the patient at a dose of 250 mg twice
daily from April 10, 2019. Two months later (June 2019),
a complete response in the primary lung tumor was
achieved according to chest CT scan imaging, showing
that the left upper lobe mass and metastatic lymph nodes
were eliminated (Figure 1C and F). After 9 months of
crizotinib treatment (January 2020), no tumor and no metas-
tasis were found in lung (Figure 1D and G), and bone
scintigraphy images demonstrated that multiple bone meta-
static lesions were significantly relieved (Figure 1I). No
recurrence was observed until now (August 2020), yielding
a progression-free survival of at least 16 months, and the
patient is still in follow-up for progression.

Discussion

In this case study, we reported a novel MPRIP-ROSI1
fusion in a young female non-smoker with advanced
lung adenocarcinoma. MPRIP (myosin phosphatase Rho
interacting protein) includes 25 exons and harbors three
coiled-coil domains, which makes a promising feature of
5' fusion gene partners to activate tyrosine kinase domain
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Figure | Timeline of clinical treatment course and radiologic features. (A) Timeline of the patient’s clinical treatment course. (B=l) Dynamic imaging of lung lesions and
bone metastases at different stages of crizotinib treatment. Computed tomographic (CT) images of the tumor in the left upper lobe (B) and the enlarged mediastinal lymph
nodes (E) prior to crizotinib treatment. Primary tumor (C and D) and mediastinal lymph nodes (F and G) eliminated in lung after 2 months and 9 months of crizotinib
treatment, respectively. Bone scintigraphy images of the patient’s multiple osteoblastic metastasis before (H) and 9 months after crizotinib treatment (). Red arrows indicate

the tumor and lymph node sites.

Abbreviations: NGS, next-generation sequencing; CR, complete response; AP projection, antero-posterior projection; PA projection, postero-anterior projection.

in 3’ partners. To our knowledge, MPRIP has been
described as fusion partner of ALK, RET and neurotrophic
receptor tyrosine kinase 1 (NTRK1) in lung cancer.'* "
This is the first case report of MPRIP joined with ROS1 in
lung adenocarcinoma. The novel rearrangement retained
the coiled-coil domains of MPRIP and the intact kinase
domain of ROSI1, presumably leading to dimerization or
high-level expression and subsequent activation of ROSI
kinase domain.

ROSI1 rearrangements are a well-known driver mutation
of NSCLC and are often highly susceptible to small-
molecule tyrosine kinase inhibitors (TKIs); they typically
occur in young, never or light smokers with histologic

features of pulmonary adenocarcinoma.’ Three prospective
trials demonstrated that crizotinib was effective in ROS1-
rearranged advanced NSCLC patients across differing eth-
nicities. The phase I PROFILE 1001 study in the United
States reported a median PFS of 19.2 months in ROSI-
rearranged metastatic NSCLC.> Prospective phase II stu-
dies in European and East Asian patients with advanced
ROS1-positive NSCLC confirmed the activity of crizotinib,
with a median PFS of 20.0 and 15.9 months,
respectively.”'® However, retrospective data of patients
with ROS1-rearranged NSCLC showed lower responses
to crizotinib than the prospective studies. The EUROSI
Cohort study reported that ROS1 fusion patients treated
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Figure 2 Identification and verification of a novel MPRIP-ROSI fusion. (A) RNA sequencing reads indicating MPRIP and ROSI fusion regions were visualized by the
Integrative Genomic Viewer (IGV) software. The fusion breakpoints are localized at chr|7: pI1.2: 17,080,726 and chré: q22.1: 117,642,557, respectively. (B) Schematic of
genomic rearrangement involving the fusion breakpoints in mRNA and protein level. The transcript resulted in exons 1-21 of MPRIP containing coiled-coil domains fused to
exons 3543 of ROS| including kinase domain. Pink, MPRIP; Blue, ROSI; CC, coiled-coil domains; KD, kinase domain; e, exon. (C) Amplification products of fusion region by
reverse transcriptase polymerase chain reaction (RT-PCR) using two forward primers located in exon 2| of MPRIP and two reverse primers located in exon 35 of ROSI. (D)
Sanger sequencing chromatogram of the RT-PCR products further confirms the breakpoints and fusion sequence.

with crizotinib had a median PFS of 9.1 months.* A Korean
study showed a median PFS of 12.7 months for TKIs.'' Two
retrospective studies consisting entirely of Chinese NSCLC
patients with ROS1 rearrangement revealed a median PFS
of 9.8-12 months for crizotinib.'*'?

The patient in this present case had a significant and
sustained response to crizotinib, with at least 16 months'
PFS and is still in follow-up. The clinical outcome was
comparable with published efficacy of crizotinib for cano-
nical ROS1 rearrangements and showed a more prominent
response than pemetrexed-based chemotherapy with

a median PFS of 6-8 months.'®'" Our report revealed

that MPRIP-ROSI fusion represented a potential therapeu-
tic target for crizotinib, which highlighted the significance
of NGS methodology to discover new drug-sensitive
genetic variations and expanded the comprehensive mole-
cular profiling of ROS1 fusion to optimize clinical treat-
ment and improve survival.

In summary, a 45-year-old female non-smoker patient
had been diagnosed with advanced lung adenocarcinoma
with bone metastasis. A novel MPRIP-ROS1 fusion was
identified through NGS method, and the consequent crizo-
tinib treatment achieved superior response. The primary
tumor and metastatic lymph nodes were eliminated on CT
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scan imaging, and the multiple bone metastatic lesions
were significantly relieved according to bone scintigraphy
images. This report identified a novel MPRIP-ROSI1
fusion, which makes a potential therapeutic target for
crizotinib. It provided new insight into NSCLC treatment
of ROS1 rearrangement and highlighted the importance of
genetic testing for precise therapy aiming at the maximum
clinical benefit to NSCLC patients.
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