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ABSTRACT

Introduction: In this study, we sought to further charac-
terize ROS1 protein expression in solid tumors with the
complete spectrum of ROS1 genomic alterations.

Methods: ROS1 immunohistochemistry (IHC) was per-
formed using the ROS1 (SP384) class I assay per manu-
facturer’s instructions on a variety of solid tumors (n ¼ 32)
with known ROS1 genomic alterations. Genomic alterations
included fusions (n ¼ 17), gene amplifications (n ¼ 10), and
short-variant mutations (n ¼ 11).

Results: Of the 32 cases with ROS1 IHC results, 100% (11
of 11) with canonical ROS1 fusions were positive for ROS1
IHC. Among noncanonical ROS1 fusions, only two (of five)
cases with SQSTM1-ROS1 and RDX-ROS1 fusions were pos-
itive for ROS1 IHC whereas PTPRK-ROS1 (two) and TTC28-
ROS1 fusions were negative for ROS1 IHC. One sample with
a canonical ROS1 fusion and co-occurring ROS1 resistance
mutation (6094G>A, p.G2032R) was positive for ROS1 IHC.
A total of 10% (one of 10) of ROS1 amplified tumors were
positive for ROS1 IHC. None of the cases (zero of five) with
ROS1 short-variant mutations were positive for ROS1 pro-
tein expression.

Conclusions: These findings suggest that if ROS1 IHC was
used as a screening tool for ROS1 fusion, a subset of fusion-
negative tumors will reveal positive IHC staining high-
lighting the value of reflexing to genomic profiling to
confirm the presence of a targetable fusion-driver before
the initiation of therapy. In addition, the ability of compre-
hensive genomic profiling to detect ROS1 resistance muta-
tions will be important for clinical decision making.

� 2020 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/
4.0/).
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Introduction
ROS1 is a proto-oncogene located on chromosome

6p22.1 that encodes a receptor tyrosine kinase.1 Typi-
cally, malignant tumors with ROS1 fusions overexpress
oncogenic ROS1 protein on the tumor cells.2-4

Importantly, ROS1 tyrosine kinase inhibitor (TKI) has
been reported to be highly efficacious in patients with
NSCLC harboring ROS1 rearrangements that activate the
kinase domain of the ROS1 protein.4

Two ROS1 TKIs, crizotinib and entrectinib, have been
approved by the U.S. Food and Drug Administration as a
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therapy for ROS1-positive NSCLC.5,6 In the clinical trials
that enabled the approvals of these ROS1 TKIs, multiple
diagnostic assay methodologies were used to determine
ROS1 status including DNA-based or RNA-based next-
generation sequencing (NGS), fluorescence in situ hy-
bridization (FISH), or polymerase chain reaction.7,8 In
the PROFILE 1001 clinical trial that enabled the approval
of crizotinib in ROS1 rearrangement tumors, five known
and two novel partner genes were identified by these
assays and the specific type of rearrangement did not
reveal differences in clinical response to crizotinib.
Though not used as the diagnostic method to detect
ROS1 positivity in the aforementioned clinical trials, in
the current National Comprehensive Cancer Network
and the College of American Pathologists/Association of
Molecular Pathology/the International Association for
the Study of Lung Cancer testing guidelines, ROS
immunohistochemistry (IHC) is deemed sufficient as a
screening tool.9,10 However, it is recommended that a
positive result by ROS1 IHC be followed up with a mo-
lecular or cytogenetic method.

Currently, the only commercially available class I
ROS1 IHC assay is the ROS1 SP384 IHC assay; however,
a less sensitive D4D5 antibody is available as a research
use only assay.11,12 Nong et al.13 compared the detection
of ROS1 fusions using NGS and the D4D5 antibody. The
conclusion of the study was that NGS could exclude false
positivity of ROS1 fusions detected by IHC. It is impor-
tant to point out that this study used D4D5 antibody
and not the SP384 antibody and used an IHC staining
protocol and a scoring system that has not been stan-
dardized or validated with a large cohort of patients. To
the best of our knowledge, there are only two large
cohorts in the literature that compared the ROS1
(SP384) assay with ROS1 genomic alterations.11,12,14 In
the first study by Huang et al.,14 the ROS1 SP384 was
compared with ROS1 FISH detected rearrangement
status with high sensitivity and specificity (100%, 98%,
respectively) with the 2þ (or above) cytoplasmic
staining in more than 30% of total tumor cells cut-off.14

Although there was a small subset of patients with
concurrent NGS and polymerase chain reaction testing
in that study, most of the patients were evaluated only
by FISH testing, and so the fusion partner for most of
the cases was unknown. Similarly, in the ROSING study,
FISH rearrangement was the main comparator, although
for a subset of patients, NGS was performed (fusion
partners identified: CD74, EZR, SDC4, SLC34A2, and
TPM3).11 Although studies have already established
the sensitivity and specificity of SP384 in detecting
canonical ROS1 fusions, examination of ROS1 SP384
in the detection of ROS1 noncanonical fusions, ROS1
amplifications, and ROS1 mutations is lacking in the
literature.
Because of the increased clinical adoption of high
throughput technologies, such as comprehensive
genomic profiling (CGP), an increasing number of ROS1
fusion partners have been identified (33 ROS1 fusion
partners to date).15–22 Although the higher prevalence
ROS1 fusions partners, such as CD74, EZR, SDC4,
SLC34A2, and TPM3 (canonical), have been widely
studied, ROS1 oncogenic protein expression in some of
these rare fusion partners (noncanonical) has not been
studied and their response to ROS1 TKIs is unclear. In
addition, questions remain whether amplifications in the
ROS1 gene can potentially result in an overexpression of
ROS1 protein and thus generate a possible therapeutic
target to ROS1 TKIs. Also, although acquired ROS1 mu-
tations in tumors exposed to anti-ROS1 targeted thera-
pies have been reported to result in resistance of ROS1
TKIs, their effect on ROS1 protein expression has not
been well characterized.23,24 In this study, using a large
genomics database, we sought to compare and contrast
ROS1 protein expression status in solid tumor cases
across the complete spectrum of ROS1 genomic
alterations.

Materials and Methods
Patient Cohort

Approval for this study was obtained from the
Western Institutional Review Board protocol no.
20152817 with an appropriate waiver of consent. Pa-
tient demographic information and specimen site were
extracted from accompanying pathology reports
(Table 1). A retrospective analysis of our clinicogenomic
database identified 32 cases with ROS1 genomic alter-
ations, including 11 canonical fusion, five noncanonical
fusions, 10 amplifications, five short-variant mutations,
and one canonical fusion with a co-occurring ROS1
resistance mutation. For all cases, ROS1 genomic alter-
ations were detected by CGP using the hybrid capture-
based FoundationOne or FoundationOneCDx assay.

DNA Sequencing Assay
FoundationOne and FoundationOneCDx are CGP

assays that are performed in a laboratory certified by
the Clinical Laboratory Improvement Amendments and
accredited by the College of American Pathologists
(Foundation Medicine, Cambridge, MA). FoundationOne
and FoundationOneCDx uses a hybrid capture meth-
odology and detects base substitutions, insertions, de-
letions, and copy number (CN) alterations in up to 324
genes and select gene rearrangements in up to 36
genes, and tumor mutation burden and microsatellite
instability using the previously described methods.25

All ROS1 exons and introns 31 to 35 were baited
for in FoundationOne and FoundationOneCDx. An



Table 1. Patient and Sample Characteristics of Tumors With ROS1 Genomic Alterations

Patient Characteristic Metric

Median age (y) 60.5
Mean age (y) 60.7
Sex (female:male) 0.71875
Predominant ancestry
African 6.3% (2/32)
Central and South American 15.6% (5/32)
East Asian 6.3% (2/32)
European 68.8% (22/32)
South Asian 3.1% (1/32)

Primary site
Lung 53.1% (17/32)
Breast 15.6% (5/32)
Unknown 12.5% (4/32)
Ovary 9.4% (3/32)
Ampulla 3.1% (1/32)
Skin 3.1% (1/32)
Colon 3.1% (1/32)

Metastatic specimensa 50% (14/28)
Site of metastasis
Lymph node 35.7% (5/14)
Lung 21.4% (3/14)
Liver 14.3% (2/14)
Pelvis 7.1% (1/14)
Pleural cavity 7.1% (1/14)
Brain 7.1% (1/14)
Omentum 7.1% (1/14)

aFour cases are CUP.
CUP, carcinoma of unknown primary.
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anatomical pathology board-certified pathologist reviewed
each sample’s hematoxylin and eosin–stained slide under
light microscopy to determine the suitability for Founda-
tionOne and FoundationOneCDx testing by examining for
at least 20% tumor nuclei present and to determine the
diagnosis of the sample (the accompanying pathology
report is also used to help determine diagnosis). Predom-
inant genetic ancestry was assessed using a single nucle-
otide polymorphism–based approach as previously
described.26,27
ROS1 (SP384) Class I Assay
ROS1 (SP384) testing was performed using the ROS1

(SP384) class 1 assay per manufacturer’s instructions.28

Briefly, ROS1 (SP384) class I assay (Ventana Medical
Systems Inc., Tucson, AZ) is an IHC assay that consists of
the ROS1 (SP384) antibody with the OptiView DAB IHC
Detection Kit (Ventana Medical Systems Inc.) stained on
a Benchmark Instrument (Ventana Medical Systems Inc.)
using the recommended staining protocol for ROS1
(SP384). As recommended by the manufacturer, a rabbit
monoclonal negative control was used as a negative re-
agent control and reactive type II alveolar pneumocytes
from normal lung was used as the positive system–level
run control.
Pathologist Evaluation of ROS1 IHC
All controls were determined to be adequate before

interpretation of the ROS1 IHC cases. All stained IHC
slides were interpreted by a single board-certified
pathologist (R.S.P.H.) (American Board of Pathology).
The percentage of tumor cell cytoplasmic staining in-
tensity (ranged from an intensity of 0, 1þ, 2þ, and 3þ)
was evaluated for each case. Staining intensity was
defined as absence of staining (0), weak staining (1þ),
moderate staining (2þ), and strong staining (3þ). For
the purposes of this study, we used staining in the
cytoplasm of 2þ (or above) in greater than 30% of total
tumor cells as being considered positive for ROS1 IHC,
similar to the study that compared the ROS1 SP384
assay with FISH testing by Huang et al.14 In addition, we
also explored whether a case had any expression of
ROS1 protein defined as 1þ (or above) staining in the
cytoplasm of more than 1% of total tumor cells.
Results
Patient Characteristics

The median age of our cohort was 60.5 years, mean
age was 60.7 years, and female-to-male ratio was 17:15.
Predominant genetic ancestry was European (68.8%, 22



Table 2. Percentage Staining of Tumor Cells in Solid Tumors With a Variety of ROS1 Genomic Alterations

Patient
ID ROS1 Alterations Diagnosisa 0%

%
1þ

%
2þ

%
3þ

IHC
Status

Common fusions
1 CD74(ex1-6)-ROS1(ex34-43) Lung adenoCAb 0 0 10 90 POS
2 CD74(ex1-6)-ROS1(ex34-43) Lung adenoCAb 0 0 10 90 POS
3 CD74(ex1-6)-ROS1(ex33-43) Lung adenoCA (mucinous

lepidic)
0 0 30 70 POS

4 CD74(ex1-6)-ROS1(ex34-43) Lung adenoCA (solid) 0 0 0 100 POS
5 CD74(ex1-6)-ROS1(ex33-43) Lung adenoCA (solid) 0 0 10 90 POS
6c EZR(ex1-9)-ROS1(ex33-43) Lung adenoCA (solid) 0 0 10 90 POS
7 EZR(ex1-9)-ROS1(ex34-43) Lung adenoCA (mucinous

lepidic)
20 30 40 10 POS

8 EZR(ex1-9)-ROS1(ex34-43) Lung adenoCAb 0 0 50 50 POS
9c EZR(ex1-9)-ROS1(ex33-43) Lung adenoCA (acinar) 0 10 90 0 POS
10 SDC4(ex1-2)-ROS1(ex32-43) Lung adenoCA (mucinous

lepidic)
5 15 40 40 POS

11 SLC34A2(ex1-13)-ROS1(ex32-43) Lung adenoCA (solid) 0 0 10 90 POS
Uncommon fusions

12 PTPRK(ex1-15)-ROS1(ex33-43) Unknown primary CA 99 1 0 0 NEG
13 PTPRK(ex1-2)-ROS1(ex35-43) Breast-invasive ductal CA 100 0 0 0 NEG
14 TTC28(ex1-1)-ROS1(ex35-43) Colon adenoCA 100 0 0 0 NEG
15 SQSTM1(ex1-2)-ROS1(ex34-43) Lung adenoCA (solid) 0 0 50 50 POS
16 RDX(ex1-10)-ROS1(ex34-43) Unknown primary adenoCA 20 20 30 30 POS

Fusion þ mutation
17 SDC4(ex1-5)-ROS1(ex34-43); 6094G>A (p.G2032R) Lung adenoCA (solid) 0 0 25 75 POS

Amplification
18 CN: 7 Lung squamous cell CA 85 10 5 0 NEG
19 CN: 18 Breast CA 100 0 0 0 NEG
20 CN: 9 Lung adenoCA b 100 0 0 0 NEG
21 CN: 22 Ovary serous CA 100 0 0 0 NEG
22 CN: 8 Breast CA 100 0 0 0 NEG
23 CN: 20 Ampullary adenoCA 100 0 0 0 NEG
24 CN: 7 Breast CA 100 0 0 0 NEG
25 CN: 9 Ovary serous CA 100 0 0 0 NEG
26 CN: 10 Lung adenoCA (solid) 0 0 20 80 POS
27 CN: 9 Breast CA 100 0 0 0 NEG

Mutations
28 6551G>T (p.R2184I) Ovary CA mixed histology 100 0 0 0 NEG
29 4652G>A (p.G1551E/), 4902þ1G>A (p.splice site 4902þ1G>A),

3362_3363GA>AT (p.R1121N)
Unknown primary CA 100 0 0 0 NEG

30 4924G>A (p.E1642K), 4652G>A (p.G1551E), 2651C>T (p.S884F),
205C>T (p,Q69c)

Skin melanoma 100 0 0 0 NEG

31 949C>T (p.R317W) Unknown primary
neuroendocrine CA

100 0 0 0 NEG

32 2548C>G (p.Q850E) Lung squamous cell CA 100 0 0 0 NEG
aCA; predominant lung adenocarcinoma histologic pattern in parenthesis, when available.
bCytology specimen: lung adenocarcinoma histologic pattern not available.
cMembranous staining in 80% of tumor cells.
CA, carcinoma; CN, copy number; ID, identification document; IHC, immunohistochemistry; NEG, negative; POS, positive.
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of 32), and half (50%, 14 of 28) of the specimens were
from a metastatic site (Table 1).
Genomic Landscape of ROS1 Alterations
The study cohort consisted of 32 ROS1 altered sam-

ples, including 11 cases (34.4%) with a canonical fusion
partner (CD74, EZR, SDC4, and SLC34A1), five cases
(15.6%) with a noncanonical fusion partner (PTPRKx2,
TTC28, SQSTM1, and RDX), one case (3.1%) with a SDC4-
ROS1 fusion and co-occurring ROS1 resistance mutation
(6094 G>A [p.G2032R]), 10 cases (31.3%) with ROS1
amplification, and five cases (15.6%) with ROS1 muta-
tions (Table 2). The ROS1 tyrosine kinase domain (exons
36–42) was preserved in all the canonical and nonca-
nonical ROS1 fusions. All canonical ROS1 fusions



Figure 1. Lollipop plot of the locations of the ROS1 mutations on the ROS1 gene. A variety of ROS1 mutations were present,
including one truncation mutation, one splice site mutation, and multiple missense mutations. Two mutations are in the ROS1
tyrosine kinase domain. Patient 17 had both a ROS1 fusion and a ROS1 known resistance mutation, and patient 29 and patient
30 each had multiple ROS1 mutations. *Patient 29 also had a G1551E mutation that is not revealed on the plot.
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were identified in lung adenocarcinomas, whereas non-
canonical fusions were detected in lung adenocarcinoma,
breast-invasive ductal carcinoma, unknown primary
carcinoma, and colon adenocarcinoma.

ROS1 amplifications ranged from a CN of seven to 22
with a mean CN of 12 and median CN of nine. Like the
noncanonical fusions, ROS1 amplification cases were
composed of a wide variety of tumor types (Table 2). A
variety of ROS1 short-variant mutations were evaluated,
including one truncation mutation, one splice site mu-
tation, and multiple missense mutations. Two mutations
were in the ROS1 tyrosine kinase domain (Fig. 1). Patient
17 had both a ROS1 fusion and a ROS1 known resistance
mutation, and patient 29 and patient 30 each had mul-
tiple ROS1 mutations (Fig. 1).

Correlation of ROS1 Genomic Alterations With
ROS1 IHC Results

All canonical ROS1 fusions exhibited ROS1 IHC posi-
tivity (11 of 11), whereas only 40% (two of five) of the
cases with noncanonical ROS1 fusions exhibited IHC
positivity. The one case with a common ROS1 fusion and
co-occurring ROS1 resistance mutation was considered
positive for ROS1 IHC; of the 10 ROS1 amplified cases,
one case (10%) was considered positive for ROS1 IHC.
None of the cases with ROS1 mutations were positive for
ROS1 IHC or exhibited any ROS1 protein expression.
Representative images of all 32 cases are provided as a
supplemental image atlas (Supplementary Figs. 1–3).

We also examined the presence of ROS1 expression
defined as 1þ (or above) staining intensity in the cyto-
plasm of more than 1% of total tumor cells. Using this
definition for ROS1 expression, the results were very
similar to the ROS1 IHC positivity definition. The only
difference here is that 60% (three of five) of the
noncanonical fusions and 20% (two of 10) of the am-
plifications had ROS1 protein expression. Specifically,
patient 12 (PTPRK-ROS1) had 1% of cytoplasmic tumor
cells staining at 1þ (weak intensity) and was negative
for ROS1 IHC because it did not meet the established
scoring threshold. In addition, patient 18 (CN7) with
10% of tumor cells at 1þ (weak intensity) cytoplasmic
staining and 5% of tumor cells at 2þ (moderate in-
tensity) cytoplasmic staining was also considered nega-
tive for ROS1 IHC.

Overall, ROS1 IHC staining in this cohort exhibited
little heterogeneity and no difficulty was encountered
when determining the ROS1 IHC status of the cases in
the cohort (Fig. 2). No cases had nuclear staining in the
tumor cells, and two cases had membranous staining in
addition to the cytoplasmic staining present (patients 6
and 9, both with EZR-ROS1 fusions). Other important
staining patterns and artifacts were observed in the re-
view of the ROS1 IHC–stained slides (Fig. 3). For
example, we saw moderate-to-strong staining in some
reactive type II pneumocytes, light brown staining of
hemosiderin, and yellow-brown staining of melanin
pigment.

Discussion
In our study, consistent with the literature, all the

canonical fusion partners (CD74, EZR, SDC4, and
SLC34A2) stained quite strongly by the ROS1 SP384
assay and were considered positive on the basis of the
aforementioned cutoff. In the five cases of noncanonical
fusions as detected by NGS in our cohort, two (fusion
partners RDX and SQSTM1) also stained strongly and
were considered positive in our analysis. These findings
suggest that these fusion genes activated the ROS1 ki-
nase domain, resulting in an oncogenic fusion protein



Figure 2. Examples of ROS1 SP384 IHC staining. (A) H&E stain of a case with no tumor cells staining in the corresponding (B)
ROS1 SP384 IHC giving it a negative status. Next is (C) H&E stain of a case with moderate-to-strong staining in all the tumor
cells in the corresponding (D) ROS1 SP384 IHC giving it a positive status. All digital images are at 400� magnification. H&E,
hematoxylin and eosin; IHC, immunohistochemistry.
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that is overexpressed, detectable by IHC, and will likely
respond to ROS1 TKIs. On the other hand, the fusion
genes with PTPRK and TTC28 had little to no protein
expression of ROS1 and were considered negative for
ROS1 IHC on the basis of our analysis. Of note, patient 12
(PTPRK-ROS1) had 1% of tumor cells staining at 1þ
(weak intensity), but it was not close to the cutoff
examined by the two studies referenced previously and
was considered negative for ROS1 IHC.11,12,14 In addi-
tion, it is interesting to note that two of the three ROS1
noncanonical fusions with negative ROS1 IHC staining
had a later breakpoint (exon 35), though the n is small
and no conclusion can be made from this finding. Overall,
these findings highlight that a subset of ROS1 fusions
with noncanonical fusion partners are not detectable by
routine ROS1 IHC testing. Notably, all three fusions
(PTPRK-ROS1 [2], TTC28-ROS1) retained an intact ROS1
tyrosine kinase domain (exons 36–42); however, we
hypothesize that the preserved kinase domain of these
noncanonical ROS1 fusions was not activated and is
therefore not likely to respond to ROS1 TKIs. Although
the mechanisms that allow for fusion-positive tumors to
reveal a lack of ROS1 protein expression using the SP384
IHC assay remain unclear, further clinical studies that
include therapy-specific clinical outcome results are
warranted to determine the value of ROS1 TKIs in this
subset of ROS1 fusion–positive but ROS1 protein-
negative cancers.

In addition, we examined ROS1 protein expression of
a ROS1-SDC4 case with a co-occurring known resistance
mutation ROS1 6094 G>A (p.G2032R).23 In this case,
even though there was a ROS1 resistance mutation, the
ROS1 oncogenic protein was still highly overexpressed.
This is consistent with the proposed mechanism of ac-
tion of the ROS1 6094 G>A mutation, in which the
resistance to ROS1 kinase inhibition is caused by a steric
interference with drug binding and not because of a
down-regulation of protein expression.24 This is impor-
tant to highlight as one of the advantages of CGP which is
the ability to not only detect targetable gene fusions, but
also to detect concurrent TKI resistance mutations that
might not otherwise be identified by other diagnostic
methodologies (e.g., IHC).

We next sought to evaluate the ROS1 protein
expression in a cohort of ROS1 amplified (CN ranging
from 7 to 20) tumors. Our findings revealed that one of
10 ROS1 amplified cases found sufficient protein
expression to be considered positive for ROS1 IHC on the
basis of cutoff criteria. In our cohort of cases, we did not
see an increase in protein expression with increasing
ROS1 CN changes. Importantly, there was one case, pa-
tient 18, that had ROS1 protein expression even though
it was not considered positive on the basis of our cutoff.
One point of consideration is that the cutoff criteria we
used was based on ROS1 fusions and not ROS1 amplifi-
cations, so the clinical relevance of this case is less
clear.14 From this cohort of patients, we have some
preliminary evidence that unlike ERBB2 amplification
and HER2 protein expression, ROS1 gene amplification is
not directly correlated to ROS1 protein expression. The
clinical implications of ROS1 protein expression without
ROS1 canonical fusions needs to be further investigated
in clinical studies that feature ROS1 TKI response data.
In addition, we examined five cases with a variety of
ROS1 short-variant mutations and found no protein
expression in any of those cases, highlighting that these



Figure 3. Examples of important staining patterns and artifacts with ROS1 SP384 IHC. (A) H&E stain of a case exemplifying
moderate-to-strong staining in the reactive type II pneumocytes and no staining in the tumor cells in the corresponding (B)
ROS1 SP384 IHC. Like other studies, we found that reactive type II pneumocytes can stain strongly for ROS1 SP384. As pa-
thologists can readily distinguish tumor cell staining from type II pneumocyte staining, the presence of type II pneumocyte
staining in lung cancer samples provides a reliable in situ control and can also serve as a run control for this assay. (C) H&E
stain of a ROS1-EZR fusion case with moderate-to-strong membrane staining in the tumor cells in addition to cytoplasmic
staining in the corresponding (D) ROS1 SP384 IHC. This is actual ROS1 IHC staining and occurs in a small proportion of ROS1
fusion–positive cases. (E) H&E stain of a case with no tumor cells staining but some light brown staining of the hemosiderin in
the corresponding (F) ROS1 SP384 IHC. This is artifactual staining and should not be confused with actual ROS1 SP384 staining.
Finally, (G) H&E stain of a melanoma case with no staining in the tumor cells but with a yellow-brown staining of the melanin
pigment in the corresponding (H) ROS1 SP384 IHC. This represents melanin pigmentation and should not be confused with
actual ROS1 IHC staining. All digital images are at 400� magnification. H&E, hematoxylin and eosin; IHC,
immunohistochemistry.
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mutations do not likely lead to increased production of
oncogenic proteins and will not likely be associated with
clinical benefit from anti-ROS1 targeted therapies.

From this study, we found several interesting pat-
terns of ROS1 SP384 staining. First, like other studies, we
found that reactive type II pneumocytes can stain
strongly for ROS1 SP384 (Fig. 3A and B). As pathologists
can readily distinguish tumor cell staining from type II
pneumocyte staining, the presence of type II pneumocyte
staining in lung cancer samples provides a reliable in
situ control and can also serve as a run control for this
assay. In addition, similar to the ROSING study, we
identified ROS1 membranous staining in 50% (two of
four) of ROS-EZR fusions (Fig. 3C and D).12 Finally, we
identified hemosiderin artifact a melanin pigment arti-
fact in two of the cases as illustrated in Figure 3E to G.

In conclusion, the identification of patients whose
tumors are driven by ROS1 alterations remains clinically
important given available and effective targeted thera-
pies. In this study of 32 ROS1 altered tumors, the data
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reveal that positive ROS1 IHC staining reliably identified
tumors (11 of 11) harboring canonical ROS1 fusions;
however, only 40% (two of five) noncanonical ROS1 fu-
sions revealed positive IHC staining. In contrast, ROS1
IHC was positive in one tumor revealing ROS1 gene
amplification. Taken together, these findings suggest that
if ROS1 IHC was used as a screening tool for targetable
ROS1 fusions, a subset of fusion-negative tumors will
reveal positive IHC staining, highlighting the value of
reflexing to genomic profiling to confirm the presence of
a fusion-driver before the initiation of anti-ROS1 ther-
apy. In addition, the ability of CGP to detect ROS1
resistance mutations will be important for clinical deci-
sion making. Furthermore, we found that a subset of
tumors harboring driver ROS1 fusions was negative for
ROS1 protein expression by IHC. Our hypothesis is that
these IHC–negative but fusion-positive tumors have
noncanonical ROS1 fusions that do not activate the ki-
nase domain of ROS1 and are not likely to respond to
ROS1 TKIs, although this needs to be further validated
by clinical studies.

Supplementary Data
Note: To access the supplementary material accompa-
nying this article, visit the online version of the JTO
Clinical and Research Reports at www.jtocrr.org and at
https://doi.org/10.1016/j.jtocrr.2020.100100.
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