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Abstract

Background: The ROSI rearrangement is an important oncogenic target in lung cancer patients.
Immunohistochemistry (IHC) is acommonly used method to identify potential ROSI rearrangement
in routine clinical practice. In this study, we evaluated a novel ROSI immunohistochemistry clone
(SP384) and investigated the correlation between different ROSI fusion variants and THC staining
features.

Methods: A total of 1380 lung cancers were screened by Next-Generation Sequencing (NGS) or
Fluorescence in situ Hybridization (FISH) analysis for ROSI rearrangement prediction 37 ROSI
NGS/FISH-positive and 173 ROSI NGS/FISH-negative NSCLC cases were selected for review in
this study. All specimens were screened with a novel anti-ROSI THC clone (SP384) from Ventana
medical systems and a previous anti-ROSI IHC clone (D4D6) from Cell Signaling Technology. The
THC expression results were evaluated by two pathologists using H-score criteria. Next Generation
Sequencing (NGS) is based on a targeted panel of 68 genes.

Results: A H-score of 150 or higher could be an optimal cut-off value for this novel anti-ROS]I
IHC clone (SP384) to discriminate ROSI rearranged cases with ROSI non-rearranged cases with
90% sensitivity and 99% specificity. Compared with anti-ROSI clone D4D6, SP384 has a higher
sensitivity without compromising specificity. Different fusion partners have distinctive IHC staining
features and several novel fusion alterations were found. CD74 is the most frequent occurring fusion
partner with a strong and diffuse staining pattern. Two ROSI mutant cases in negative control group
were also found presenting moderate, membranous staining with an H-score above 150.

Conclusion: The novel anti-ROSI IHC clone (SP384) could be an outstanding diagnostic alternative
in routine clinical practice. Furthermore, this study highlights the importance of IHC in clinical
practice that it can be a very supportive tool when used with molecular approaches to interpret
fusion alterations like ROSI and help accurately predict the efficacy of targeted therapy.

Keywords: ROSI; Immunohistochemistry; Next-generation sequencing; Fusion partners;
Functional outcomes; Targeted therapy

Introduction

Lung cancer is one of the most common malignancies worldwide which accounts for over 2.21
million new cases and 1.80 million deaths in 2020, making it the leading cause of cancer death [1].
Non-Small Cell Lung Cancer (NSCLC) comprises roughly 85% of the lung cancer, usually present
with a high rate of somatic mutation and gene rearrangement [2]. In the past years, tremendous
advance has been achieved in the identification of druggable genetic alteration, such as mutant
EGFR, mutant BRAF, rearrangement in ALK, RET, ROSI and etc. [3,4].

ROSI rearrangement occurs in approximately 1% to 2% of the NSCLC and up to 3% of the lung
adenocarcinoma [2,5]. With the development of molecular testing approaches like FISH and RNA/
DNA based next generation sequencing, ROSI rearrangement gradually emerged as a relatively
well-known oncogenic event in lung cancer patients [6,7]. Subsequently, targeted medicines like
Crizotinib and Entrectinib were now reachable for patients who harbored ROSI fusions [8,9]. Since
several studies have demonstrated appreciable clinical benefit and durable response of Crizotinib in
patients with ROSI fusion, it’s essential and demanding to accurately identify ROSI positive lung
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cancer in routine clinical practice [9-11].

Immunochemistry (IHC) is widely used as a cost-effective and
efficient method in cancer diagnosis and it’'s recommended as a
screening test to identify ROSI rearrangement in patients with lung
cancer [12-14]. To date, clinical use of anti-ROSI THC antibody is
limited to clone D4D6 [15], so in this study we evaluated a novel anti-
ROS1I antibody (SP384) to provide a diagnostic alternative.

A variety of fusion partners in ROSI rearrangement cases have
been identified in previous studies like CD74, SDC4, EZR, GOPC
and etc., [16-18]. However, few studies reported the IHC staining
features of different fusion partners and whether it can contribute to
the prediction of clinical effects in routine practice is still ambiguous.
Here, we also use this novel anti-ROSI THC antibody (SP384) to
investigate the staining features of different fusion partners to help us
further explore and distinguish ROSI alterations.

In this study, we gave out a comprehensive study of Chinese lung
cancer patients with ROSI rearrangement, not limited to molecular
characteristics, clinicopathological features and Crizotinib response,
but also evaluated a novel anti-ROSI THC antibody (SP384) as
another diagnostic candidate. Besides, we investigated the correlation
between different fusion partners and THC performance to help
explore the functional outcome of ROSI alterations.

Materials and Methods

Patients

A total of 1,380 lung cancers were screened by Next-Generation
Sequencing (NGS) or Fluorescence in situ Hybridization (FISH)
analysis for ROSI rearrangement in our institute from January 2016
to May 2021. ROS1 rearrangements were identified in 37 NSCLC cases
including 29 surgical resection cases and 8 small biopsies. These cases
were selected for review in this study. In addition, 173 ROSI FISH-
negative or NGS-negative cases were included as negative controls.

Next-generation sequencing

Genomic DNA was extracted from the FFPE tissue samples
using the QIAamp DNA Mini Kit, and targeted deep sequencing of
mutational hotspots was conducted using a capture-based targeted
sequencing panel that included all exons of 68 genes, as described
previously [37]. The sequencing panel included mutations of all exons
of 65 genes: Including AKT1, ALK, APC, ATM, AXL, BRAF, BRCAI,
BRCA2, CCND1, CDK4, CDK6, CDKN2A, CTNNB1, DDR2, EGFR,
ERBB2, ERBB3, ERBB4, ESR1, FGF19, FGF3, FGF4, FGFRI, FGFR2,
FGFR3, FLT3, HRAS, IDH1, IDH2, IGFIR, JAKI, JAK2, KDR, KIT,
KRAS, MAP2K1, MET, MTOR, MYC, NF1, NOTCH1, NRAS, NTRK1,
NTRK2, NTRK3, PDGFRA, PIK3CA, PTCHI1, PTEN, RAFI1, RBI,
RET, ROS1, SMAD4, SMO, STK11, TOP2A, TP53, TSC1, TSC2, AR,
ARAF, BCL2L11, CD74, and NRGI. Copy number gains are evaluated
for the first 60 genes. Gene fusions are evaluated for another 7 genes
(ALK, RET, ROS1, CD74, FGFR3, NRG1, and NTRK1). Moreover, 3
major polymorphic sites in drug metabolism genes (CYP2D6, DPYD,
and UGT1A1I) are also detected. Of all the genes, we mainly evaluated
12 genes, including 8 major driver genes (EGFR, KRAS, BRAF, ALK,
ROSI1, MET, RET, and PIK3CA) and suppressor genes (TP53, STK11,
RbI, and NFI).

Immunochemistry (IHC)

Anti-ROSI THC analysis was performed on a Benchmark ULTRA
staining instrument (Ventana Medical Systems). FFPE tumor tissues
were sectioned at a thickness of 4 mm and stained with anti-ROSI

clone: ROSI (SP384) rabbit monoclonal primary antibody, following
the manufacturer’s instructions. The slides were reviewed by two
pathologists who were blinded to the NGS and FISH results. The
interpretation of the slides was based on both intensity and H-score
criteria. Intensity is based on the criterion as follows: 3+ means strong
staining is clearly visible (2x or 4x objective), 2+ means moderate
staining is visible (10x or 20x objective), 1+ means weak staining is
visible (40x objective), 0 means no detectable staining or less than
10% of the tumor cells are in weak staining. H-score criteria is based
on the percentages of cells stained with intensities of 0, 1+, 2+, 3+ as
follows:

[1x (% cells 1+)+2 x (% cells 2+)+3 x (% cells 3+)]

Fluorescence in situ hybridization (FISH)

Formalin-Fixed Paraffin-Embedded (FFPE) specimens were
conducted for each patient. FISH was performed on 3 pm thick
slides of FFPE with break apart FISH probes specific for ROSI (Vysis
ROSI Break Apart FISH Probe, Abbott Molecular, Chicago, IL, USA)
according to the manufacturer's instructions on ThermoBrite Elite
(Leica, Richmond, CA, USA). The fluorescence signals were analyzed
using an Olympus BX53 fluorescence microscope (Olympus, Tokyo,
Japan). Images were captured using the BioView™ system (BioView
Ltd., Tel Aviv, Israel). Scoring was performed by two independent
pathologists. The rearrangement-positive cells were defined as those
with split signals or isolated 3’ signals (ROSI probes were orange
and green respectively), cells with intact fusion signals or isolated 5’
signals were defined as ROSI rearrangement-negative. At least 100
tumor cells were scored. The specimen was considered as ROSI-
rearranged if the positive cells constituted > 15% of the enumerated
tumor cells [13].

Results

Clinicopathologic features and clinical data of 37 NSCLC
patients with ROS1 rearrangements

The clinicopathologic features of 37 NSCLC patients with ROS1
rearrangements were summarized in Table 1. Briefly, the median age
of these patients was 52.5 and 23/37 patients (62.6%) were female.
Most of the patients have a tumor size less than 3 cm and they were
at a late stage at initial diagnosis with distant metastasis. Thirty-three
cases (89%) were adenocarcinoma and no squamous cell carcinoma
was observed. Smoking history was available for 29/37 patients and
the majority of them were never-smokers. PD-L1 expression data was
also available for 21 patients and PD-L1 expression was observed in
13/21 (62%) patients.

At this point, clinical data were only available for 8/10 stage IV
patients and Crizotinib was prescribed as first-line therapy in half
of the cases (Table 1). Briefly, the overall response rate to Crizotinib
was 50% and the disease control rate was 75%. Unfortunately, no
conclusion could be achieved regarding the relationship between
different fusion partners and drug response due to insufficient data.

Molecular characteristics of 21 patients with ROS1
rearrangements

Comprehensive molecular characteristics of 21/37 patients
were available and they were depicted in Figure 1. In all, high rates
of somatic mutation and genomic rearrangement were observed in
these patients. Other than ROSI rearrangements, 90% (19/21) of
the patients harbored at least one somatic mutation. Specifically,
recurrent alterations in key pathways and process were found in these
21 ROSI rearrangement cases: tumor suppressor TP53 mutations
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Table 1: Clinical and histopathological features of patients with ROS1
rearrangements.

Features Patients with ROS1 rearrangements
(n=37, %)
Median age (Years) 52.5 (26-74)

Gender

Male 14 (37.8)

Female 23 (62.6)
Tumor size (cm)

<3 26 (70.3)

5-Mar 8(21.6)

7-May 2(5.4)

=7 1(2.7)
Histology

Adenocarcinoma 33(89.2)

Squamous cell carcinoma 0 (0)

NSCLC-NOS 4(10.8)
Stage

| 13 (35.1)

Il 4 (10.9)

1 10 (27)

[\V2 10 (27)
Smoking History

Never-smoker 23 (62.2)

Ever-smoker 6 (16.2)

Unknown 8(21.6)
PD-L1 expression level

TPS <1% 8 (27.6)

TPS 1%-49% 7(24.1)

TPS >50% 6 (20.7)

Unknown 6 (27.6)
Crizotinib treatment for IV stage patients
(n=8)

First-line 4 (50)

Not First-line 4 (50)
Response to Crizotinib

Progressive disease (PD) 2 (25)

Stable disease (SD) 2 (25)

Partial response (PR) 4 (50)

Complete response (CR) 0 (0)

were enriched in 9/21 (33.3%) of the cases, NOTCH pathway was
involved in 6/21(19%) of the cases and WNT pathway was involved
in 2/21 (9.5%) of the cases. DNA repair process related genes were
also found frequently mutated in these ROSI rearrangement cases
including BRCA1 and BRCA2, which respectively occurred in 2/21
(9.5%) of the cases.

Co-mutations with other known driver oncogenes were found in
14.3% (3/21) of the ROSI-rearranged cases: Erb-b2 Receptor Tyrosine
Kinase 2 gene (ERBB2) missense mutation was found in two cases
(9.5%) and EGFR mutation (exon 21 missense mutation) was found
in one case, in which the fusion alteration is ROSI-LOC101927919
(R25: L intergenic), a gene-intergenic fusion.

m
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Figure 1: Comprehensive genetic profile of 21 patients with ROS1
rearrangement.

ROS1 expression evaluated by both IHC clone SP384 and
D4D6 using H-score method

The THC results of ROSI expression were evaluated using the
H-score method. H-score method is based on the percentages of cells
stained with different intensities of 0, 1+, 2+ and 3+, ranging from 0
to 300. The distribution of H-score was interpreted in Figure 24, 2B.
When screened with SP384, the H-score of the ROSI-arranged cases
largely ranged from 200 to 300 and most of the ROSI non-rearranged
cases have no detectable staining except 17 cases, which have a highest
H-score of 160. This result indicated that a H-score of 150 could be
an optimal cut-off value for this novel anti-ROSI THC antibody to
discriminate ROSI rearranged cases with ROSI non-rearranged cases
with 90% sensitivity and 99% specificity. As interpreted in Figure 2B,
anti-ROSI IHC clone (D4D6) has 83% sensitivity and 99% specificity
when 150 was used as a cut-off value. In comparison, SP384 has a
higher sensitivity without compromising specificity.

The correlation between ROS1 IHC expression and
different fusion partners

Among these 37 ROSI-rearranged cases, data on different fusion
partners were available for 29 cases. As shown in Figure 3A, the most
frequent fusion partner is CD74 (n=16), followed by SDC4 (n=4) and
EZR (n=3), other partners including SLC34A2, GOPC, and TPM3. In
addition, a novel fusion partner: CD47 was revealed in our study and
co-occurrence of two fusions (CD74-ROS1/CAMK4-ROSI) was also
observed in this study.

The correlation between different fusion partners and IHC
expression results was illustrated in Figure 3B. Considering the
influence of tumor heterogeneity and quantification, only 21 samples
with comparable tumor cells were selected for analysis and small
biopsies were excluded. Most of the fusion partners had a H-score
greater than 150. Remarkably, 9/21 cases were found showing strong,
diffuse and homogenous immunoactivity with an H-score of 300.
Among them, 55.6% of the cases were CD74-ROSI (5/9) (Figure 4A)
while other fusions were SDC4-ROS]I (3/9) and SLC34A2-ROSI (1/9).
Novel CD47-ROS]1 fusion showed a weak, focal and granular staining
pattern with a H-score of 100 (Figure 4B) and under the situation
when CD74-ROSI fusion was accompanied by CAMK4-ROSI
fusion, it showed moderate to strong, globular and heterogenous
staining pattern with a H-score of 230 (Figure 4C). Besides, there’s
no detectable staining in LOC101927919-ROSI (L-intergenic: R25)
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H-score determined by anti-ROS1 IHC antibody(SP384) in 210 lung cancer cases
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Figure 2A: The distribution of H-score in 210 lung cancer cases using novel anti-ROS1 clone (SP384).
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Figure 2B: The distribution of H-score in 210 lung cancer cases using previous anti-ROS1 IHC clone (D4D6).
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Figure 3A: Frequency of different fusion partners in 29 ROS1 fusion cases.

fusion (Figure 4D). Representative IHC images of other fusion
partners were shown in Figures 4E-4H.

ROS1 IHC staining observed in ROS1 mutant cases and
non-neoplastic cells

As interpreted in Figure 2, 17 ROSI fusion FISH/NGS negative
cases were found showing anti-ROSI THC expression and five cases
had a H-score above 100. The NGS results of these five cases were
available. Interestingly, 2/5 of the cases had a H-score above 150.
These two cases both harbored ROS1 mutations, which were missense
mutations on exon 9 and exon 12, and they all presented as weak to
moderate, heterogenous and membranous staining pattern on ITHC
(Figure 5A). The clinicopathological and comprehensive genetic

profile of these two cases were shown in Figure 5B.

In addition, anti-ROSI THC expression was also observed in
some non-neoplastic cells, which presented as constant and moderate
staining (Figure 5C). These cells usually presented as a cluster of cells
located in the periphery of tumor nodule while not relevant to the
histology of the tumor, indicating that they are reactive hyperplastic
pneumocytes, most likely type IT pneumocytes. They were found in
both ROSI rearranged and non-rearranged cases.

Discussion

Regarding the fact that ROSI rearrangement only occurs in 1%
to 2% of the lung cancer patients, few studies contain a large cohort
of cases [19,20]. In this study, we give out comprehensive genetic
profile, clinicopathological and clinical data of 37 ROSI-rearranged
cases as well as the correlation between different fusion partners and
THC staining features to explore the potential functional outcome of
ROSI alterations. Particularly, we use a novel anti-IHC clone (SP384)
for the whole study and some conclusions have been drawn in our
study. To the best of our knowledge, this is the first comprehensive
study on ROS!I fusion in Chinese NSCLC patients using this novel
clone.

This study provides an overall evaluation on the novel anti-ROS!
THC antibody (SP384). In all, our study results shows that this newly
developed anti-ROSI THC clone could be an excellent screening
tool in routine clinical practice. Regarding the diagnostic criteria, a
H-score value of 150 or higher is an optimal cut-off value to accurately
predict ROSI rearrangement with 90% sensitivity and 99% specificity.
Compared with the clone D4D6, SP384 has a higher sensitivity
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H-score =300 3 CD74-ROS1(C6:R33)
3 SDC4-ROS1(S2:R33) n=2
3 CD74-ROS1(C7:R32)
3 SLC34A2-ROS1(S4:R32)
3 CD74-ROS1(C6:R34)
3 CD74-ROS1(C7:R34) n=2
3 SDC4-ROS1(S4:R32)
H-score = 150 3 CD74-ROSI1 (C6:R34) n=5
*one case accompanied by CAMK4-ROS1(C12:R34)
2 GOPC-ROSI1(G4:R37)
3 SDC4-ROSI1 (S4:R32)
3 TPM3-ROS1(Tintragenic:R35)
3 EZR-ROSI(E10:R34) n=2
H-score 100-150 1 CD47-ROSI(C3:R34)
H-score <100 0 LOC101927919-ROS1(L-intergenic:R25)

* Intensity is based on the criterion as follows: 3+ means strong staining is clearly visible (2x or 4x objective), 2+ means moderate staining is visible (10x or 20x objective), 1+ means weak
staining is visible (40x objective), 0 means no detectable staining or less than 10% of the tumor cells are in weak staining.

Figure 3B: Performance of novel anti-ROS1 antibody (SP384) and its correlation with different ROS1 fusion partners.
* Intensity is based on the criterion as follows: 3+ means strong staining is clearly visible (2x or 4x objective), 2+ means moderate staining is visible (10x or 20x
objective), 1+ means weak staining is visible (40x objective), 0 means no detectable staining or less than 10% of the tumor cells are in weak staining.
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Figure 4A: Strong, diffuse, homogenous staining in CD74-R0OS1 fusion with an H-score of 300.
Figure 4B: Weak to moderate, focal, granular and heterogenous staining in novel CD47-ROS1 (C3:R34) fusion with an H-score of 100.

Figure 4C: Moderate to strong, globular and heterogenous staining in a case when CD74-R0OS1 (C6:R34) fusion was accompanied by CAMK4-ROS1 (C12:R34)
fusion with an H-score of 230.

Figure 4D: No detectable staining in ROS1-LOC101927919 (R25: Lintergenic) fusion with an H-score of 0.

Figure 4E: Moderate to strong and granular cytoplasmic staining in EZER-ROS1 (E10:R34) fusion with an H-score of 210.

Figure 4F: Weak to moderate, granular cytoplasmic staining in GOPC-ROS1 (G4:R37) fusion with an H-score of 160.

Figure 4G: Moderate to strong, heterogenous and cytoplasmic staining in TPM3-ROS1 (Tintragenic: R35) fusion with an H-score of 230.

Figure 4H: Strong, diffuse, homogenous staining in SLC34A2-ROS1 (S4:R32) fusion with an H-score of 300.
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Age Gender Histology Stage ITHC staining features Molecular characteristics
53 Female Adenocarcinoma I Moderate, membranous, ROS1 exon 9 missense mutation
heterogenous staining, H- ~ SRAS exon2 missense mutation
160 BRCAI exonl7 missense mutation
S ATM exonl3 splice site mutation
ATM exon24 splice site mutation
ERBB4 exon21 missense mutation
APC exonl6 missense mutation
FGFR2 exonll missense mutation
RET exond frameshift mutation
38 Female Adenocarcinoma I Moderate, focal, heterogenous ROS1 exon 12 missense mutation

staining, H-score 150

ATM exon34 missense mutation

Figure 5A: Constant, moderate staining found in reactive type Il pneumocytes located in the periphery of the tumor nodule.
Figure 5B: Moderate, membranous, heterogenous staining in two ROS1 mutation cases with an H-score of 150 and 160.
Figure 5C: Clinicopathological features and molecular characteristics of two cases in control group which have a H-score above 150, showing moderate and

heterogenous anti-ROS1 IHC staining.

without compromising specificity. Besides, diffuse, moderate to
strong staining pattern or a staining intensity 3+ is also supportive
when used for ROSI arrangement prediction. One advantage of
this novel clone (SP384) is that it usually presented as homogenous
staining in ROSI positive cases, which could be useful when the
samples are limited in size such as small biopsy or lymph node. This
homogenous staining pattern was more frequently observed in the
clone SP384 than clone D4D6.

As addressed in previous studies, our study also found that
there’s ROSI THC staining in reactive type II pneumocytes [22].
These cells usually presented as a cluster located in the periphery of
the tumors, showing constant, moderate staining pattern. Although
the mechanism of this phenomenon is unclear, type II pneumocytes
staining could be considered as internal positive control since it’s not
relevant to either the ROSI status or the histology of the tumors.

The occurrence of false-positive cases when using this novel
antibody has been reported in two researches [22,23]. However, the
molecular features of these cases are not available in those studies.
In our study, we investigated all the false-positive cases which have
an H-score higher than 100 and comprehensive molecular data were
available. Notably, two cases were found harbored ROSI missense
mutations, presenting as moderate, heterogenous and globular
staining on THC with a H-score above 150. ROSI mutation was
reported associated with the drug resistance of Crizotinibin some
ROSI-rearranged patients while the underlying mechanism has not
been clarified [24,25]. Since IHC is a method of assessing protein
level of gene expression, this finding in our study might provide some
clues for further exploration on the role of ROSI mutation in the
therapeutic outcome of targeted medicine.

Molecular diagnostic pathology plays an important role in routine
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clinical work as it is helpful for the prediction of targeted medicine
efficacy [26-28]. However, some challenges can be encountered for
molecular approaches like DNA-based NGS when interpreting the
fusion variants since it can only detect the genomic breakpoints
but can’t predict the functional outcome of these rearrangements
[29]. A recent study published on journal of thoracic oncology
showed that some ALK, ROSI fusions detected by DNA-based NGS
actually exhibited poor response to Crizotinib and they were mostly
uncommon fusion variants which were determined as protein-
negative cases by IHC or RNA analysis [30].

In this study, we investigated the correlation between IHC staining
features and different variants to further explore and distinguish
fusion variants. Some findings are worth discussing here. Consistent
with other studies, CD74 is the most frequent fusion variant which
always present as a strong and diffuse staining pattern. It has been
reported in several studies that patients with CD74-ROSI fusion
who received Crizotinib as first-line therapy have a longer PES than
patients with non CD74-ROS]I fusions [31,32], indicating that ROS1
fusion variants which show strong and diffuse IHC staining with a
high H-score have a greater chance to be functionally relevant and
have a better response to targeted therapy like Crizotinib.

Besides, one DNA-NGS identified fusion variant was found
showing no detectable staining. It is LOC101927919-ROSI
(L-intergenic: R25), a gene-intergenic fusion. Since most of the
well-known fusions are gene-gene fusions which thought to
produce chimeric transcripts, it’s controversial that whether gene-
intergenic fusions can produce chimeric oncogenic mRNAs [33-
36]. Considering the fact that there’s no detectable IHC expression
in this case, LOC101927919-ROS! (L-intergenic: R25) is more likely
a functionally irrelevant ROSI alteration. In addition, one case
harbored novel CD47-ROS]I fusion was also found showing weak and
focal staining with an H-score of 100, which should be determined asa
protein-negative one based on the cut-off value of 150, indicating that
this novel fusion has a higher possibility to be a functional irrelevant
one. Unfortunately, analysis of clinical consequences on these ROS1I
fusion variants is still needed to draw definitive conclusions.

In summary, our results are consistent with the study reported
by Esther et al. that this novel anti-ROSI THC antibody (SP384) is an
ideal diagnostic alternative in routine work [22]. More importantly,
this study highlights the importance of IHC in clinical practice.
It’s not only a cost-effective and efficient method but it can also be
very supportive when used with molecular approaches to interpret
fusion alterations like ROSI and help accurately predict the efficacy
of targeted medicine.
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