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Purpose: The rearrangement of ROSI (C-ros oncogene 1) is an important driver of non-
small cell lung cancer (NSCLC). Currently, only approximately 24 ROS! fusion partners
have been shown to be sensitive to crizotinib. Although fusion partner determination is not
required to treat patients with tyrosine kinase inhibitor, the correlation between ROS!
phenotypes and efficacies still needs more researches. Furthermore, non-reciprocal/reciprocal
ROS] translocations are rare and have not yet been reported. Thus, more novel ROS! fusion
partners and non-reciprocal/reciprocal fusions need to be provided and supplemented to
guide targeted therapy and prognosis for patients.

Case Presentation: Targeted next-generation sequencing panel was used to identify ROS]
rearrangements in a Chinese patient with advanced lung adenocarcinoma. We identified
a non-reciprocal/reciprocal ROS! translocation which contained a novel ROSI-FBXLI7
(F-box and leucine-rich repeat protein 17) fusion co-existing with the CD74-ROS! fusion
and the patient was sensitive to crizotinib. The ROS! rearrangement was then validated using
RT-qPCR. The progression-free survival (PFS) was 15.7 months which exceeded the highest
PFS level (14.2 months) in the Chinese population reported recently. Thus, this non-
reciprocal/reciprocal ROSI translocation patient had an excellent efficacy to crizotinib
which was different from that in ALK. And it may be possible that the ROSI-FBXL17 fusion
in this patient synergistically promotes the sensitivity of the CD74-RSO]I fusion to crizotinib.
Conclusion: The ROSI-FBXL17 fusion may be a novel driver of NSCLC and we provide
a non-reciprocal/reciprocal ROS! translocation mode very sensitive to crizotinib. Our study
adds new data to the ROS! fusion database and provides a reference strategy for the clinical
treatment of patients with double ROSI fusions or non-reciprocal/reciprocal ROSI
translocation.

Keywords: ROSI-FBXL17 fusion, CD74-ROSI fusion, non-reciprocal/reciprocal ROSI
translocation, next-generation sequencing, intratumor heterogeneity, non-small cell lung

cancer

Background

ROS1 (C-ros oncogene 1) rearrangement is a proven driver of non-small cell lung
cancer (NSCLC) and occurs in approximately 1-3% of the patients with NSCLC
worldwide.' ™ Crizotinib, an oral tyrosine kinase inhibitor (TKI) that targets the
ROS1, ALK, and Met receptor tyrosine kinases, is sensitive to the rearrangement of
ROS1.°® Many genes can fuse with ROS!, and currently, at least 24 partner genes
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of ROSI have been identified with
NSCLC.”'* The application of next-generation sequen-

in patients

cing (NGS) is reliable and helpful in the discovery of
novel variants, including ROS! partners.'> "> It is widely
known that the EML4-ALK variants (V1-V7) or EGFR
mutations (L858R/T790M/C797S/19 del.) have different
TKIs efficacies between subtypes.'®'® Furthermore, it
had recently been confirmed that crizotinib-treated
patients with non-reciprocal/reciprocal ALK translocation
had a poor efficacy compared with patients carrying 3'-
ALK fusion alone or with EML4-ALK fusion alone.?
Therefore, it may also have different drug sensitivities
and resistances between ROS! fusion subtypes. More
important, the crizotinib efficacy in patients with non-
reciprocal/reciprocal ROS! translocation has not been
reported. Here, we identified a novel ROSI-FBXL17
(F-box and leucine-rich repeat protein 17) fusion that co-
existed with the CD74-ROS! fusion in one patient who
was sensitive to crizotinib and was with a stable disease
(SD) for more than 15 months, thus identifying a rare
sensitive double fusion mode (a non-reciprocal/reciprocal
translocation) for ROS1.

Case Report
In June 2018, a 51-year-old Chinese female showing
symptoms such as productive cough (whitish sputum),
chest pain, and dyspnea, was diagnosed with adenocarci-
noma in the superior lobe of the right lung through sys-
tematic examination. The clinical stage of the cancer was
determined as T3N2MO (stage IIIb). Surgical resection of
the superior lobe of the right lung was performed in
Shanghai. However, a reexamination in our hospital for
the patient in the 28th day after surgery found that the
patient had pleural invasion, bilateral mediastinal and hilar
lymph node metastasis, right supraclavicular lymph node
metastasis, and right cervical lymph node metastasis
(pT4N3Mlc IVb). NGS was performed for an DNA
sequence based 8 gene panel, including EGFR, ALK,
ROS1, MET, RET, BRAF, ERBB2, and KRAS, using post-
operative tissue samples, and no genetic alterations were
found in any genes. The patient was administered one
course of pemetrexed, combined with cisplatin chemother-
apy, and achieved the SD state, according to the Response
Evaluation Criteria in Solid Tumors version 1.1 (RECIST
v1.1); however, the patient could not tolerate the side
effects.

To determine whether the patient was suitable for treat-
with  immune inhibitors, the

ment checkpoint

immunotherapy biomarker programmed death ligand 1
(PD-L1, immunohistochemistry) and the tumor mutational
burden (TMB, NGS) were detected using surgical speci-
mens that were sliced consecutively. TMB was detected
through a DNA sequence based 520 gene panel (520 genes
closely associated to solid tumors) using the Illumina
Novaseq 6000 Sequencing Platform and a Dx
Oncoscreen plus TM kit (Burning Rock, China). This
panel includes the driver genes involved in 8 gene panel.
The results showed 5-10% PD-L1 positive cells and
a TMB value of 5.6 mutations per megabase.
Interestingly, NGS identified a ROSI-FBXL17 fusion
(R33: Fintergenic; mutation frequency: because FBXLI7
was not included in the panel, the accurate mutation fre-
quency of the ROSI-FBXLI7 fusion could not be
obtained.) coexisting with the CD74-ROSI fusion (C6:
R33; mutation frequency: 27.70%), and TP53, APC,
MGA, and ZNF217 mutations. The novel ROSI-FBXLI17
rearrangement (2476 amino acids) was generated through
the fusion of ROS!I exons 1-32 on chr6: q22.1 (5'-3,
1-1776 amino acids) to FBXLI7 exons 1-9 on chr5:
q21.2 (5'-3’, 1-700 amino acid) (Figure 1A and C), while
the CD74-ROSI rearrangement (778 amino acids) was
generated through the fusion of CD74 exons 1-6 on
chr5: g33.1 (5'-3', 1-207 amino acids) to ROS! exons
3343 on chr6: q22.1 (5'-3', 1786-2356 amino acids)
(Figure 1B and C). In addition, RNA isolation and reverse
transcription were performed in postoperative tissue sam-
ples, and real-time PCR (amplification refractory mutation
system, ARMS) result confirmed the presence of the
CD74-ROS!I fusion for clinical requirement (Figure 1D).
However, due to the shortage of tumor tissue, RNA
sequencing could not be performed.

Before undergoing molecular targeting treatments, the
patient underwent a computed tomography (CT) examina-
tion, which showed that the mediastinal lymph nodes were
1.35 cm (Figure 2A). The patient was then orally treated
with crizotinib for more than 17 months (data cut-off:
March 2, 2020). The mediastinal lymph nodes continued
to shrink (from 0.65 cm to unmeasurable) without any
other observable metastasis (Figure 2B—D). The efficacy
evaluation in the lung indicated SD. However, magnetic
resonance imaging (MRI) on January 10, 2020 showed
a new lesion in the cerebellum (0.69 cm) compared with
before (Figure 2F—-H), and the patient received continued
oral treatment with crizotinib. At the time of the assess-
ment on March 3, 2020, the lesion was still growing in
size (1.0 cm), confirming disease progression (Figure 2I).
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Figure | NGS and RT-qPCR were used to identify the ROS/-FBXLI7 and CD74-ROS/ fusions in a patient with advanced lung adenocarcinoma. (A). The ROSI-FBXLI7 fusion.
The junction point of ROS! is located on 6q22.1 and another junction point is in the intergenic region, close to FBXLI7, on 5q21.3. (B). The CD74-ROS| fusion. The junction
point of ROS/ is located on 6q22.1 and that of CD74 is on 5q33.1. (C). A schematic representation of the ROSI-FBXLI7 and CD74-ROS| fusion protein domain structures.
Orange, CD74; green, FBXLI7; blue, ROSI. The predicted fusion proteins of ROS/-FBXLI7 and CD74-ROS| are 2476 and 778 amino acids in length, respectively. (D). ROS/
fusion was confirmed using RT-qPCR. Red line, samples from the patient; green line, positive control.

head and the cerebellar lesion began to shrink. Thus far,
the disease remains stable and the patient is still under
crizotinib treatment. On October 13, 2020 the MRI
showed a 0.64 cm lesion in the cerebellum (Figure 2J)

The patient presented with mild myelosuppression and
there was no head discomfort or movement disorder. The
progression-free survival (PFS) was 15.7 months. Then the
patient received radiotherapy (30Gy/10 times/12 days) on
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2018-09-20 2018-12-23 2020-01-07 2020-03-02 2020-10-13
Pretreatment with crizotinib Response to crizotinib Sustained response to crizotinib Sustatined response to crizotinib The lesion remained stable

2020-01-10
New lesion in the cerebellum

2020-03-03
Continuous enlargement of lesion

2020-10-13
The lesion was shrink

2018-08-27
Pretreatment with crizotinib

2018-12-23
No cerebellar metastasis

Figure 2 Computed tomography or magnetic resonance imaging showed a sustained response to crizotinib in the mediastinal lymph nodes and disease progression in the
cerebellum. (A). After chemotherapy, the mediastinal lymph nodes showed swelling, for which crizotinib was administered as a treatment. (B). The mediastinal lymph nodes
shrank significantly, without other measurable niduses after 3 courses of treatment with crizotinib. (C-E). A sustained response to crizotinib was observed, and the nidus
was unmeasurable. (F and G). No metastatic lesions were observed in the cerebellum. (H and I). A new lesion was found in the cerebellum and disease progression was

observed. (J). The cerebellar lesion was shrunk after received radiotherapy.

and CT showed the mediastinal lymph nodes remained
stable (Figure 2E).

Discussion

To our knowledge, double genes fused with ROS! are rare
and FBXL17 is a novel partner for ROS1, making the right
regimen for this mutation unclear. Although fusion variant
determination was not required for patients treated with
TKIs, the efficacies were different between fusion
modes.?® As compared with the CD74-ROSI fusion, the
non-CD74-ROS1 fusion might have a significantly longer
PFS.?!' Therefore, identification of the mutant subtypes or
non-reciprocal/reciprocal translocations are beneficial for
both treatment and prognosis.

There is little information regarding the efficacy of
crizotinib for patients harboring double genes fused with
ROSI. A Chinese study in 2018 identified a patient who
harbored a CD74-ROSI fusion that coexisted with the
SDC4-ROS1 fusion, and another patient who harbored
a SDC4-ROS1 fusion that coexisted with the EZR-ROS1
fusion.?! Crizotinib showed different efficacies in the two
patients, which indicated that crizotinib may have different
efficacies in double fusions of ROS!. The translocations in
the two patients were both 3'-ROSI/. But nothing was
known about the efficacy of non-reciprocal/reciprocal
ROS1 translocation patients treated with crizotinib.
Presence of non-reciprocal/reciprocal ALK translocation

was predictive for worse survival and greater likelihood
of baseline brain metastases in first-line crizotinib treated
NSCLC patients.”® In this case, we confirmed a patient
with non-reciprocal/reciprocal ROS! translocation (ROSI-
FBXL17 fusion that coexisted with the CD74-ROSI
fusion) had an excellent response to crizotinib. The PFS
reached 15.7 months and exceeded the highest level (14.2
months) of the ROS! fusion reported in a recent study in
Chinese population.”” It is also higher than the median
level (12.6 months) in Chinese patients with 3'-ROSI
fusion or with CD74-ROSI fusion alone.?! These sug-
gested that the crizotinib efficacy in patients with non-
reciprocal/reciprocal translocation in ROSI might be
superior to that in ALK. The speculated reason may be
that the biological effect of ROS! translocation is different
from that of ALK, and the mechanism in ROS! may be
more complex, or there may be some unknown mechan-
isms of concomitant mutation with ROS! that has not yet
been discovered and revealed. However, further observa-
tions and more cases are needed to confirm these points. In
addition, brain metastasis occurred after crizotinib treated
over 15 months in this case. In the future, more studies are
needed to explore whether patients with 5’-ROS1 are also
greater likelihood of baseline brain metastases, such as 5'-
ALK.

It was not clear whether the ROSI-FBXL17 fusion was
functional and sensitive to crizotinib. Xu et al'* have reported
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a ROSI-ADGRG®6 rearrangement alone that is generated by
the fusion of the exons 1-33 of ROS! on chr6: q22.1 to exons
2-26 of ADGRG6 on chr6: q24.2 and is clearly sensitive to
crizotinib. The main structural framework and the junction
point on the ROS! of the ROSI-FBXL17 fusion were similar
to those of the ROSI-ADGRG6 fusion; thus, we speculated
that the ROSI-FBXL17 fusion may have biological functions
similar to those of ROSI-ADGRG6. Therefore, ROSI-
FBXL17 may be a novel driver mutation, or confer
a positive and synergistic effect on the sensitivity of the
CD74-ROS]1 fusion to crizotinib.

Furthermore, in this case, serial sectioning of a single
postoperative tissue specimen was performed for targeted
detection, using an 8 genes panel and a 520 genes panel
successively. Interestingly, different results were obtained
from the two experimental runs, each of which used different
sections from the same paraffin block. The possible reasons
for the difference included heterogeneity between slices,> >
formalin-fixed paraffin-embedded samples,*® or differences
in panels, or others. Thus, multi-point sampling and multiple
detections may be important steps for determining the ROS1
fusions, and for molecular subtyping, which can dictate the
clinical treatment strategies for patients. Moreover, cytologi-
cal samples or liquid biopsy is also a feasible strategy for
patients with tissue sampling difficulties.

Conclusion

In summary, we identified a novel ROSI-FBXLI17 fusion
that coexisted with the CD74-ROS1 fusion in an advanced
NSCLC patient sensitive to crizotinib. We provided a non-
reciprocal/reciprocal ROS1 translocation pattern very sen-
sitive to crizotinib. The ROSI-FBXLI7 fusion may be
functional and may promote the sensitivity of the CD74
fusion to crizotinib but this needs further validation.
Although fusion partners determination is not required
for patients treated with crizotinib, due to the presence of
intratumor heterogeneity and non-reciprocal/reciprocal
translocations, molecular subtyping of ROSI fusions
should be accurately and timely identified.
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