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A B S T R A C T

Background: ROS1 rearrangement accounts for 1%–2% of non-small cell lung cancer (NSCLC) with a remarkable
response to crizotinib. Although ROS1-rearranged tumors are known to have characteristic histologic features,
only a few studies have investigated the histologic features of advanced-stage ROS1-rearranged tumors.

Methods: We analyzed the histopathologic features of ROS1-rearranged tumors in advanced-stage NSCLC
patients and assessed the ROS1 immunohistochemistry (IHC) staining patterns of ROS1-rearranged cases.

Results: A total of 37 ROS1 fluorescence in situ hybridization (FISH)-positive cases and 64 ROS1 FISH-ne-
gative cases were analyzed, and all tumors were EGFR-, ALK-, and RET-negative. Solid pattern, round nuclei with
macronucleoli, solid signet-ring cells, extracellular mucin, and a close relation with adjacent bronchioles were
significantly associated with ROS1 rearrangement, and the solid signet-ring cell feature was exclusively iden-
tified in ROS1-rearranged tumors. ROS1 IHC showed a 97.3% sensitivity when weak to strong protein expression
was considered positive.

Conclusions: Our findings highlight distinct histologic features of ROS1-rearranged tumors, including their
nuclear features. A thorough understanding of ROS1 rearrangement-related histologic features would be helpful
to identify ROS1-rearranged tumors in advanced-stage NSCLC.

1. Introduction

In the last decade, non-small cell lung cancer (NSCLC) has achieved
a great paradigm shift due to oncogenic drivers and their response to-
wards targeted therapy. The most representative targets for NSCLC are
EGFR and anaplastic lymphoma kinase (ALK), which account for 30%
and 3% of NSCLC cases, respectively [1,2]. Subsequently, the identifi-
cation of novel mutations became crucial to determine the treatment
strategy and predict the prognosis of NSCLC patients. Recently, onco-
genic fusions of ROS1, RET, and NTRK1 have emerged as noteworthy
targets [3–5]. Despite their rarity, they show a notable therapeutic re-
sponse to tyrosine kinase inhibitors; hence, these genetic alterations
must not be missed for the treatment of patients. Generally, these on-
cogenic drivers are mutually exclusive [6,7]; this makes it necessary to
conduct a thorough and comprehensive testing of rare oncogenic dri-
vers in wild-type EGFR and ALK NSCLC patients.

Among these, ROS1 rearrangement accounts for 1%–2% of NSCLC
cases with a remarkable response to crizotinib [3,8,9]. Patients with
ROS1-rearranged tumors are prone to be younger and never smokers,

and have an adenocarcinoma histology, which are similar to EGFR-
mutant and ALK-rearranged tumors [3]. Fluorescence in situ hy-
bridization (FISH) is a gold standard method to detect ROS1 re-
arrangement. However, high costs, the requirement for specialized
equipment, and complex interpretation of the results have made it
difficult to use FISH for testing all NSCLC patients. To compensate for
these disadvantages, immunohistochemistry (IHC) test has been con-
sidered an effective screening method for detecting ROS1 rearrange-
ment, as being used for screening ALK rearrangement [10–15]. How-
ever, ROS1 IHC is associated with a high rate of false-positive results
and difficulties in interpreting due to background staining [16].

On the other hand, previous studies had reported characteristic
histological features of ROS1-rearranged NSCLC, such as solid signet-
ring cells and mucinous-cribriform patterns [10–14,17]. Zhao et al.
compared histologic features of ROS1-rearranged and ROS1-negative
cases and declared that histologic features could be used as a pre-
screening method to increase the specificity of the ROS1 IHC results
[18,19]. However, because of the rarity of the ROS1 rearrangement,
only a few studies have investigated the histologic features of ROS1-
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rearranged tumors in a limited number of cases. Moreover, the known
ROS1 rearrangement-related histologic features are considered as high-
grade architectural features which are frequently identified in ad-
vanced-stage adenocarcinoma [20–22]. Thus, in advanced-stage
NSCLC, not all of the histologic features might be helpful to distinguish
ROS1-rearranged tumors. Because of the particular importance of de-
tecting oncogenic targets in advanced-stage NSCLC patients, it would
be beneficial to identify distinguished histology of ROS1-rearranged
tumors in advanced-stage NSCLC.

In this study, we analyzed the histopathologic features of ROS1-
rearranged tumors and compared them to those of ROS1-negative tu-
mors in a group of patients with advanced-stage NSCLC. We also as-
sessed the ROS1 IHC staining patterns of ROS1-rearranged cases.

2. Materials and methods

2.1. Case selection

ROS1 FISH was tested in 454 advanced-stage NSCLC cases at the
Samsung Medical Center from April 2013 to October 2018. Among
them, 42 cases (9.3%) were FISH-positive, 368 cases (81.1%) were
FISH-negative, and no results were obtained for 44 cases (9.6%) due to
poor specimen quality or insufficient tumor volume. Patients with ad-
vanced stages of disease, i.e. stage III and IV, were enrolled. Of 42 FISH-
positive cases, five cases were excluded as the specimens were obtained
after neoadjuvant chemotherapy or radiation therapy. A total of 37
ROS1 FISH-positive cases, consisting of 13 resection and 24 biopsy
specimens, were analyzed. As the negative control group, 64 ROS1
FISH-negative cases with 1) stage III and IV, 2) adenocarcinoma or
tumor containing adenocarcinoma component, 3) wild-type EGFR, ALK,
and RET, and 4) no history of neoadjuvant chemotherapy or radiation
therapy before sampling, were selected. The cases included 24 resection
and 40 biopsy specimens. This study was approved by the Institutional
Review Board of the Samsung Medical Center (IRB No. 2018-11-126-
001).

2.2. Histologic analysis

Hematoxylin and eosin (H&E)-stained slides were reviewed by two
experienced pathologists (J.H. and E.P.) based on the 2015 World
Health Organization (WHO) classification of lung adenocarcinoma
[23]. Histologic features including previously reported characteristic
patterns of ROS1-rearranged tumors were evaluated [10–14,17]. The
features were divided into three subcategories; 1) architectural pat-
terns, 2) cytologic features, and 3) others. Architectural patterns were
determined as any presence of solid, cribriform (sheets of tumor cells
with fenestrations), mucinous-cribriform (cribriform structure asso-
ciated with abundant extracellular mucus), micropapillary, and lepidic
patterns. Cytologic features including round nuclei with central mac-
ronucleoli, solid with signet-ring cells (solid growth pattern containing
signet-ring cells), abundant eosinophilic cytoplasm, intracytoplasmic
mucin, and bizarre cells were evaluated with a cut-off value of> 30%
for tumor cells. Others category included extracellular mucin, psam-
momatous calcification, and a relation to adjacent bronchioles. A re-
lation to adjacent bronchioles was evaluated whether tumor surrounds
the bronchioles or tumor cells invaded to the adjacent bronchiolar
epithelium in lung specimen.

2.3. ROS1 FISH detection

FISH analysis was performed on formalin-fixed paraffin-embedded
(FFPE) tissue using POSEIDON ROS1 Dual Color Break Apart Probe
(Kreatech, Inc., Amsterdam, the Netherlands), and 50 non-overlapping
nuclei were counted. Patients were considered ROS1 positive, if there
was a break-apart pattern with one fusion signal and two separate green
and orange signals or an isolated green signal in at least 15% of tumor

cells.

2.4. ROS1 IHC staining and scoring

FFPE tissues were sectioned at a thickness of 4-μm and stained with
D4D6 rabbit monoclonal ROS1 antibody (Cell Signaling Technology,
Danvers, MA, USA; 1:50 dilution) using the Leica Bond Max III auto-
mated system (Bond, Bannockburn, Illinois, USA). The detection was
performed with the EnVision system (K4003, DAKO, Glostrup,
Denmark), according to the manufacturer’s protocol. Benign pneumo-
cytes and alveolar macrophages were used as positive controls. The
results were assessed using the H-score (range of total score: 0–300).
The percentage of positive cells (0%–100%) was multiplied by each
staining intensity (0, no appreciable staining; 1, barely detectable
staining; 2, distinct brown staining; and 3, strong dark brown staining).
In resection cases, staining pattern, i.e. whether the staining was
homogenous or heterogenous, was investigated.

2.5. Analyses of EGFR mutation and ALK and RET rearrangement

EGFR mutations in the 18th, 19th, 20th, and 21 st exon were eval-
uated using real-time polymerase chain reaction after peptide nucleic
acid (PNA)-clamping using the PNA clamping EGFR Mutation Detection
Kit (Panagene, Inc., Daejeon, Korea). ALK FISH analysis was performed
with the Vysis LSI ALK Dual Color Break Apart Probe (Abbott
Molecular, Abbott Park, IL, USA). RET FISH test was performed using
the ZytoLight SPEC RET Dual Color Break Apart Probe (ZytoVision
GmbH, Bremerhaven, Germany). In the FISH analysis, 50 non-over-
lapping nuclei were counted and the detection of at least 15% of a split
or isolated orange signal was regarded as a positive result.

2.6. Statistical analysis

A χ2 test or Fisher's exact test was used to evaluate the statistical
significance between two variables. The distribution of age was eval-
uated with the Shapiro-Wilk test. p < 0.05 was considered statistically
significant for all analyses, and all analyses were two-sided. All data
were analyzed using the R software.

3. Results

3.1. Clinical characteristics of ROS1-rearranged NSCLC

ROS1-rearranged group was significantly prone to be female and
never smokers compared to ROS1-negative group. The average age was
slightly younger in the ROS1-rearranged group, but not statistically
significant. None of the tumors harbored concurrent EGFR mutation or
ALK or RET rearrangement. There was no significant difference be-
tween the TNM stages in both groups. Clinicopathologic characteristics
of ROS1-rearranged and ROS1-negative groups and detailed informa-
tion of the ROS1-rearranged group are summarized in Table 1 and
Table 2, respectively.

3.2. Histologic features of ROS1-rearranged NSCLC

ROS1-rearranged tumors included 94.6% of adenocarcinoma and
5.4% of pleomorphic carcinoma containing adenocarcinoma compo-
nent. ROS1-negative tumors were composed of 85.9% of adenocarci-
noma, 1.6% of adenosquamous carcinoma, and 12.5% of invasive
mucinous carcinoma. Since invasive mucinous carcinoma is regarded to
be a distinct variant of lung adenocarcinoma with unique histological
and genetic feature (i.e. KRAS mutation), we excluded invasive muci-
nous adenocarcinoma in histologic comparison of ROS1-rearranged and
ROS1-negative tumors. Instead, we additionally compared histologic
features of ROS1-rearranged tumors and ROS1-negative invasive mu-
cinous adenocarcinoma, since this variant poses a diagnostic challenge
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due to the overlapped mucinous feature with ROS1-rearranged tumors.
In histologic analysis, solid pattern, round nuclei with macro-

nucleoli, solid-signet ring cells, extracellular mucin, and a close relation
with adjacent bronchioles were more frequently identified in ROS1-
rearranged tumors, than in ROS1-negative tumors (p < 0.05) (Table 3
and Fig. 1A–1E); the solid signet-ring cell feature was exclusively
identified in the ROS1-rearranged tumors. Abundant eosinophilic cy-
toplasm was associated with ROS1-negative tumors. The lepidic pattern
was not identified in both the groups.

In analysis of ROS1-rearranged tumors and invasive mucinous
adenocarcinoma, mucinous cells or extracellular mucin was identified
as a minor component in ROS1-rearranged tumors, while invasive
mucinous adenocarcinomas were mainly composed of mucinous cells
with abundant extracellular mucin. In addition, mucinous cells of
ROS1-rearranged tumors presented with centrally placed, large round
nuclei or signet-ring cells having crescent-shaped, peripherally dis-
placed nuclei, while invasive mucinous adenocarcinomas were com-
prised of columnar cells with apical mucin and basally located, vesi-
cular nuclei (Fig. 1F).

3.3. IHC results of ROS1-rearranged NSCLC

Among 37 ROS1 FISH-positive cases, 36 cases (97.3%) showed
ROS1 protein expression in the IHC staining analysis. Of these, 33 cases
showed H-scores of> 250 and the remained three cases showed H-
scores of 240, 130, and 40 (Fig. 2). There were 14 resection cases, of
these, 13 cases showed diffuse homogenous staining patterns with a
staining intensity of +2 to +3. One case (H-score= 40) showed het-
erogenous pattern with a staining intensity of 0 to +1.

4. Discussion

In this study, we attempted to identify ROS1 rearrangement-related
histologic features in a group of patients with advanced-stage NSCLC.
As a result, solid pattern, round nuclei with macronucleoli, solid signet-
ring cells, extracellular mucin, and a close relation with adjacent
bronchioles were found to be significantly associated with ROS1 re-
arrangement, and the solid signet-ring cell pattern was exclusively
observed in ROS1-rearranged tumors. In addition, ROS1 IHC showed
97.3% sensitivity when weak to strong protein expression was con-
sidered as a positive result.

In ROS1 FISH-tested cases, ROS1 rearrangement was identified in
9.3%. This high proportion of ROS1 FISH positivity is because ROS1
FISH was tested in clinically selected cases with EGFR/ALK negative
tumor or tumor with poor therapeutic response. Patients with ROS1-
rearranged tumors were prone to be female and never smokers, and
demonstrated an adenocarcinoma histology, which are consistent with
previous studies [3,9].

In this study, round nuclei with macronucleoli were significantly
associated with ROS1-rearranged tumors. On the other hand, a large
portion of ROS1-negative tumors had vesicular tumor nuclei with
multiple nucleoli. Similar histologic feature had been described in few
studies as a “hepatoid cytology”, which indicated round nuclei, pro-
minent nucleoli, and abundant eosinophilic cytoplasm [14,19], how-
ever, we analyzed the nuclear and cytoplasmic features separately and
identified distinct nuclear feature of ROS1-rearranged tumors. Although
the current WHO classification of lung adenocarcinoma does not re-
commend reporting nuclear features of the tumor in pathologic diag-
nosis [23], several studies demonstrated that nuclear features are sig-
nificantly associated with prognosis in lung adenocarcinoma,
suggesting the inclusion of the nuclear grading system in pathologic
report [24–27]. Because the tumor nuclei contain genetic information
of tumor cells, nuclear feature might reflect tumor characteristics and
molecular alterations of tumors. Our finding suggests that the nuclear
feature–round nuclei with macronucleoli would help to better detect
ROS1-rearranged tumors.

Lung cancers harboring ALK, ROS1, and RET rearrangement had
been considered to a distinct subgroup sharing similar histologic fea-
tures [12,14], although the reason is unknown. In this study, ROS1-
rearranged tumors exclusively harbored solid signet-ring cell feature
and the tumors were prone to be closely related to adjacent bronchioles.
These findings were also reported in ALK-rearranged adenocarcinoma
and regarded as an evidence of distinct cells of origin–i.e. proximal,
juxta-bronchial progenitors [28–30]. Thus, fusion gene-associated lung
cancers may arise from distinct cells of origin which might result in
overlapped histologic features. Further study is needed to reveal the
origin of fusion gene-associated tumors and understand their patho-
genesis.

Other histologic features, which were previously reported as char-
acteristic patterns of ROS1-rearranged tumors, were not differently
identified in advanced-stage ROS1-rearranged and ROS1-negative
groups. These histologic features might not be the result of ROS1 re-
arrangement but the result of tumor progression. However, previous
studies reported some of these histologic features in early-stage ROS1-
rearranged adenocarcinoma [11–15]. This implies that ROS1-rear-
ranged tumors might have an aggressive behavior and rapidly progress
to the advanced stage.

Because ROS1-rearranged tumors often present with extracellular
mucin or signet-ring cells harboring mucin, they could be misdiagnosed
as an invasive mucinous adenocarcinoma. However, we observed that
the mucinous component of ROS1-rearranged tumors is focal, and they
have centrally placed, large and round nuclei, which is distinct from
invasive mucinous adenocarcinoma. ROS1-rearranged tumor and in-
vasive mucinous adenocarcinoma have different genetic alterations and
clinical courses that it is important to histologically distinguish these
subtypes [31].

Table 1
Clinicopathologic characteristics of ROS1-rearranged and ROS1-negative
groups.

ROS1-rearranged
(n= 37)

ROS1-negative
(n=64)

p

Age, years 0.31
Average 56.3+/− 11.1 58.7+/− 11.6
Range 33–78 32–81
Sex 0.018
Male 11 (29.7%) 36 (56.2%)
Female 26 (70.3%) 28 (43.7%)
Smoking status 0.005
Never smoker 31 (83.8%) 33 (51.6%)
Ex-smoker 3 (8.1%) 17 (26.6%)
Current smoker 3 (8.1%) 14 (21.9%)
Histology 0.031
Adenocarcinoma 35 (94.6%) 55 (85.9%)
Adenoquamous

carcinoma
0 (0.0%) 1 (1.6%)

Pleomorphic carcinoma 2 (5.4%) 0 (0.0%)
Invasive mucinous

carcinoma
0 (0.0%) 8 (12.5%)

Stage 0.159
IIIa 6 (16.2%) 3 (4.7%)
IIIb 2 (5.4%) 6 (9.4%)
IIIc 0 (0.0%) 2 (3.1%)
IV 29 (78.4%) 53 (82.8%)
Survival 0.272
Alive 20 (54.1%) 26 (40.6%)
Expire 17 (45.9%) 38 (59.4%)
Specimen type 0.981
Biopsy 24 (64.9%) 40 (62.5%)
Resection 13 (35.1%) 24 (37.5%)
Organ 0.011
Lung 24 (66.7%) 46 (71.9%)
Lymph Node 8 (22.2%) 10 (15.6%)
Pleura 2 (5.6%) 4 (6.2%)
Distant Organ 2 (5.6%) 4 (6.2%)
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Several studies validated ROS1 IHC with ROS1 FISH or RT-PCR and
suggested IHC as a highly sensitive screening tool for ROS1 re-
arrangement [32,33]. We also observed 97.3% sensitivity of ROS1 IHC
with mostly diffuse homogenous staining pattern. However, one case

showed negative protein expression and one case showed focal weak
protein expression. These discordant ROS1 IHC-negative/focal weak
positive and FISH-positive cases raised the possibility of false-negative
IHC or false-positive FISH results. In IHC-negative case (P18), ROS1
FISH showed split signals in 30% of tumor cells (15/50). The patient
was treated with crizotinib, however, the tumor progressed to liver and
multiple brain metastases. The other case with focal weak protein ex-
pression (P30) was positive for FISH with split signals (9/50) and iso-
lated 3′ signals (6/50). Since the patient refused to be treated, the re-
sponse to crizotinib could not be known. Poor crizotinib response of
patient P18 suggests that the result of ROS1 FISH might be false-posi-
tive. False-positive FISH results could be due to detection of non-
functional fusions of unexpected points or fusions inactivated by post-
translational modification. Discrepant IHC results could be a clue to
consider re-validation of the results by orthogonal methods–RT-PCR or
next-generation sequencing.

The limitation of this study is that biopsy specimens were included
for the histologic analysis, which might not be representative of the
tumor. The reason is that our study population consisted of a fair
number of unresectable stage patients. In addition, discordant IHC-FISH
cases imply the possibility of false-positive FISH results, as discussed
above.

5. Conclusion

In this study, we evaluated a considerable number of ROS1-rear-
ranged advanced-stage tumors and highlight distinct histologic features

Table 2
Clinicopathologic details of ROS1-rearranged lung cancers.

Patient No. Age (years) Sex Smoking Diagnosis TNM Stage Specimen type Immunohistochemistry

Staining pattern H-score

P1 66 M NS ADC pT2aN3M1c IV Biopsy NA >250
P2 35 F NS ADC cT4N3M1c IV Biopsy NA >250
P3 54 F NS ADC pT4N0M1a IV Biopsy NA >250
P4 59 F NS ADC cT2bNxM1c IV Biopsy NA >250
P5 52 M ES ADC cT2aN2M1c IV Biopsy NA >250
P6 54 F NS ADC cT4N3M1c IV Biopsy NA >250
P7 41 F NS ADC cT4N1M1a IV Resection Homogenous > 250
P8 50 F NS ADC cT4NxM1c IV Resection Homogenous > 250
P9 41 M NS ADC cT4N2M1a IV Biopsy NA >250
P10 52 F NS ADC cT4N3M1c IV Biopsy NA >250
P11 63 M ES ADC pT1aN0M1a IV Resection Homogenous > 250
P12 73 F NS ADC cTxN3M1c IV Biopsy NA >250
P13 78 F NS ADC cT2N3M1a IV Resection Homogenous > 250
P14 53 M NS ADC pT1aN2M0 IIIA Resection Homogenous 210
P15 33 F NS ADC cT2N2M1a IV Biopsy NA >250
P16 74 F NS ADC cTxN2M1c IIIA Resection Homogenous > 250
P17 53 F NS ADC cT1bN3M1c IV Biopsy NA >250
P18 58 F NS ADC cT2aN3M1c IV Biopsy NA 0
P19 61 M NS ADC pT3N1M0 IIIA Resection Homogenous > 250
P20 41 M ES Pleomorphic CA cT4N3M1c IV Biopsy NA >250
P21 58 F NS ADC cT4N2M1c IV Biopsy NA >250
P22 51 F NS ADC cT1bN3M1a IV Biopsy NA >250
P23 64 F NS ADC cT2bN3M1a IV Biopsy NA >250
P24 59 F NS ADC cT2N2M1c IV Biopsy NA >250
P25 57 M CS ADC cT1bN3M0 IIIB Biopsy NA >250
P26 68 F NS ADC cT2aN1M1c IV Biopsy NA >250
P27 35 F NS Pleomorphic CA pT2aN0M1c IV Resection Homogenous > 250
P28 60 M NS ADC cT4N3M1c IV Biopsy NA >250
P29 60 F NS ADC cT4N0M0 IIIA Biopsy NA >250
P30 66 M CS ADC cT1bN0M1b IV Resection Heterogenous 40
P31 67 F NS ADC cT4N3M1b IV Biopsy NA >250
P32 70 F NS ADC cT4N3M1b IV Resection Homogenous > 250
P33 65 F NS ADC pT4N1M0 IIIA Resection Homogenous > 250
P34 57 F NS ADC cT4N2M0 IIIB Biopsy NA 130
P35 43 F NS ADC cT2bN3M1c IV Biopsy NA >250
P36 57 M CS ADC pT2aN2M0 IIIA Resection Homogenous > 250
P37 55 F NS ADC cT4N2M1b IV Resection Homogenous > 250

Abbreviations: ADC, adenocarcinoma; CA, carcinoma; CS, current smoker; ES, ex-smoker; F, female; M, male; NS, never smoker; NA, not applicable.

Table 3
Histopathologic features of ROS1-rearranged and ROS1-negative lung cancers.

ROS1-rearranged
(n= 37)

ROS1-negative
(n=64)

p

Architectural patterns
Solid 27 (73.0%) 27 (48.2%) 0.031
Cribriform 8 (21.6%) 16 (29.1%) 0.577
Mucinous-cribriform 3 (8.1%) 5 (8.9%) 1
Micropappillary 23 (62.2%) 30 (53.6%) 0.545
Lepidic 0 (0%) 0 (0%)
Cytologic features
Round nuclei with

macronucleoli
27 (73.0%) 14 (25.0%) < 0.001

Solid-signet ring cells 5 (13.5%) 0 (0.0%) 0.018
Abundant eosinophilic

cytoplasm
20 (54.1%) 43 (76.8%) 0.039

Intracytoplasmic mucin 4 (10.8%) 5 (8.9%) 1
Bizarre cells 18 (48.6%) 22 (39.3%) 0.497
Others
Extracellular mucin 8 (21.6%) 3 (5.4%) 0.040
Psammomatous calcification 6 (16.2%) 5 (8.9%) 0.461
In lung specimen (n= 24) (n=46)
Relation with adjacent

bronchioles
14 (58.3%) 4 (8.7%) < 0.001
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of ROS1-rearranged tumors including nuclear feature. Our findings also
provide the evidence for understanding the cell of origin of fusion gene-
associated lung cancers. A thorough understanding of ROS1 re-
arrangement-related histologic features would be helpful to identify
ROS1-rearranged tumors in advanced-stage NSCLC.
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