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ROS1 rearrangements have been identified as driver mutations, accounting for 1–2% of
lung adenocarcinoma, but are extremely rare in case of lung squamous cell carcinoma. In
this work, we report a lung squamous cell carcinoma in a patient with peripheral lung
cancer radiological manifestation, harboring ROS1 rearrangement, with high sensitivity to
crizotinib. Our findings suggest that clinicians should pay more attention toward the
occurrence of ROS1 rearrangements and the application of crizotinib for lung squamous
cell carcinoma treatment.
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INTRODUCTION

In the last few decades, genetic testing and targeted therapy have resulted in survival benefits among
patients with lung adenocarcinoma, although progress in the treatment of lung squamous cell
carcinoma (SCC) remains stagnant. Recently, there has been a growing biological significance to
identify the molecular characteristics of patients with lung SCC. ROS1 is a proto-oncogene and one
among the sevenless subfamily of tyrosine kinase insulin receptor genes. ROS1 rearrangements are a
known oncogenic driver in 1–2% of patients with lung adenocarcinoma, while it is widely believed
that ROS1 in SCC is very rare (1). Crizotinib is a standard treatment for adenocarcinomas with
ROS1 rearrangement (2), although we still have no data regarding the application of crizotinib in
patients with lung SCC. Here, we report a rare case of a non-smoker female patient, diagnosed with
peripheral lung SCC harboring ROS1 rearrangement, who was extremely sensitive to crizotinib.
CASE DESCRIPTION

A 47-year old woman presented with repeated fever and fatigue in the past 3 months. She had a
history of idiopathic thrombocytopenic purpura (ITP) and had undergone splenectomy 5 years ago
with no evidence of recurrence. She was a non-smoker. Bilateral cervical lymph nodes (LNs) were
palpable, and other physical examinations showed no abnormalities. Chest computed tomography
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(CT) scan showed diffuse round high-density lesions with small
pleural effusion in the lungs bilaterally, accompanied by multiple
enlarged LNs in the mediastinum and right supraclavicular area
(Figure 1A). Ultrasound evaluation of the cervical LNs suggested
bilateral supraclavicular lymphadenopathy (size in the right was
2.6 cm × 1. 6cm, size in the left was 2.2 cm × 1.1 cm). Abdominal
CT, transvaginal ultrasound and cranial magnetic resonance
(MR) imaging were normal. The results of representative
serum tumor markers were as follows: CEA 7.6 ng/ml
(normal < 5.0 ng/ml), CYFRA21 >100.0 ng/ml (normal < 3.3
ng/ml), NSE 17.6 ng/ml (normal < 30 ng/ml), SCCA >70.0 ng/ml
(normal < 1.5 ng/ml). Positron emission tomography (PET)–CT
showed no distal metastasis, which showed similar lesions with
increased Fluorodeoxyglucose (FDG) uptake as chest CT in the
lung and LNs (N2, N3) (Figure 2). Therefore, she underwent
ultrasound-guided biopsy of the lung and right supraclavicular
LNs. Tissue histopathology by hematoxylin and eosin (HE)
staining revealed lung SCC. Immunohistochemical staining
confirmed the diagnosis of SCC with positive P40 and CK5/6,
negative transcription factor-1 (TTF-1), and napsin A
(Figure 3). The patient was clinically diagnosed with stage
IVA lung SCC, T4N3M1a. Genetic status, including EGFR,
ALK, ROS1, KRAS, BRAF, RET, MET, HER2, NRAS, and
PI3KA presence, was detected by amplification refractory
mutation system (ARMS) with AmoyDx Mutations Detection
Kit (Amoy Diagnostics Co., Ltd., Xiamen, China), revealing that
the tumor harbored ROS1 rearrangement (Figure 3).
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The patient was treated with crizotinib (250 mg twice daily)
from August 3, 2020. After 3 weeks of treatment, a chest CT scan
showed an obvious reduction in tumor size and metastasis
(Figure 1B), quickly resulting in partial response (PR) according
to the Response Evaluation Criteria for Solid Tumors (RECIST,
version 1.1) (3). The patient continued receiving crizotinib and
developed mild treatment-related adverse events (TRAEs), such as
rashes, nausea, and anemia. She stopped molecular targeted
therapy for 2 weeks because of severe hypoalbuminemia and
secondary bilateral pleural effusion which might be relative to
crizotinib (Figure 1C). After returning to baseline, crizotinib
treatment was reinitiated. The tumor lesions and enlarged LNs
further reduced after 4 months (Figure 1D). We are still following
up with the patient, and she has remained PR for 9 months till the
last follow-up (Figure 1E).
DISCUSSION

We report a rare case of a woman diagnosed with lung SCC
harboring ROS1 rearrangements, who was extremely sensitive to
crizotinib. The ROS1 rearrangements occurred in only 1–2% of
patients with non-small cell lung cancer (NSCLC), mainly with
adenocarcinoma (2). To date, only six cases of lung SCC with
ROS1 have been reported (one was ALK and ROS1 double-
rearranged) (1, 2, 4–6). ROS1 rearrangement is very rare in lung
SCC (7). Chest CT scans of two previous patients with lung SCC
A

B

C

D

E

FIGURE 1 | Timeline of the patient’s chest CT scan showed the obvious remission of the patient’ s diffused lesions in the bilateral lung and enlarged lymph nodes
after crizotinib treatment: (A) 7 July, 2020 (baseline), (B) 24 August, 2020, (C) 22 September, 2020, (D) 14 December, 2020, (E) 25 April, 2021.
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were typical, both presenting a central mass, enlarged
mediastinal and hilar LNs (4, 5). However, the CT scan of our
patients showed diffuse nodules in the bilateral lung, which we
initially suspected as lung adenocarcinoma or lung metastasis
from other cancers. We excluded other malignant tumors,
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mainly by PET–CT. Although we could not completely rule
out the possibility of adenosquamous carcinoma, we confirmed
the diagnosis of squamous carcinoma based on histopathology of
double specimens, immunohistochemistry, and sensitivity of the
lesions to crizotinib.
FIGURE 2 | The patient’ s PET/CT scan showed diffused lesions with increased FDG uptake like chest CT located in the lung and LNs without distal metastasis.
FIGURE 3 | Pathological and molecular examinations of the case. HE staining showed the microscopic appearance of squamous cell carcinoma with nests of
polygonal cells with pink cytoplasm and distinct cell borders (×200). Immunostaining of lung tissue and supraclavicular lymph node showed strongly positive for p40
and CK5/6, and negative for TTF-1 and Napsin A (×200). ARMS assay of lung tissue showed ROS1 rearrangement.
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Crizotinib has been approved for the treatment of NSCLC
patients with ROS1 rearrangements. As reported in PROFILE 1001
study, crizotinib showed an objective response rate (ORR) of 72%,
median progression free survival (PFS) of 19.3 months, median
overall survival (OS) of 51.4 months, and 48-months survival
probability of 51% in 53 advanced NSCLC patients with ROS1
rearrangements, and TRAEs were mainly grade 1 or 2 per CTCAE
v3.0 (8). The efficacy and safety of crizotinib were also confirmed
in a phase II OxOnc Study in East Asian patients, with an ORR of
71.7%, median PFS of 15.9 months, and median OS of 32.5
months; most TRAEs were grade 1 or 2 in severity (9). Both two
studies showed that the ORR of crizotinib in the treatment of
ROS1 rearrangement in NSCLC exceeded 70%. In fact, studies on
crizotinib in the treatment of ROS1 rearrangement NSCLC have
focused on lung adenocarcinoma since the vast majority of ROS1
mutations occur in the adenocarcinoma subtype. Significantly, the
patient in our case was diagnosed with peripheral lung SCC and
surprisingly showed a remarkable shrinkage of both tumor lesions
and enlarged LNs and has remained PR for 9 months after
receiving crizotinib treatment until now. The most commonly
reported TRAEs (occurring in more than 25% of patients) of
crizotinib in clinical trials were visual disturbances, gastrointestinal
toxicities, edema, and elevated ALT/AST, mostly assessed as grade
1/2 in severity (10, 11). Hypoalbuminemia is an uncommon TRAE
that was quite severe in this patient. The patient was treated with
an albumin infusion. Fortunately, when she resumed crizotinib
treatment, severe TRAEs did not recur and she remained PR for a
long time. Among the six previous cases, two patients received
crizotinib as the first line (5, 6) and two patients received crizotinib
as the second line treatment (2, 4). Compared patients with lung
SCC receiving first-line treatment with crizotinib, our patient had a
better treatment effect and a longer PFS.
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CONCLUSION

In conclusion, we presented the case of a lung SCC patient with
an atypical imaging manifestation and molecular pathology,
suggesting that rare ROS1 rearrangement could also
unexpectedly occur in patients with lung SCC and is a
sensitive target of crizotinib in lung SCC.
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Versus Chemotherapy in Advanced ALK-positive Lung Cancer. N Engl J Med
(2013) 368(25):2385–94. doi: 10.1056/NEJMoa1214886

11. Frampton JE. Crizotinib: A Review of its Use in the Treatment of Anaplastic
Lymphoma Kinase-Positive, Advanced Non-Small Cell Lung Cancer. Drugs
(2013) 73(18):2031–51. doi: 10.1007/s40265-013-0142-z

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Yang, Wang, Yao, Zhao, Yu, Gao, Ye and Ma. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
June 2021 | Volume 11 | Article 703318

https://doi.org/10.1158/1078-0432.Ccr-12-0550
https://doi.org/10.1056/NEJMoa1406766
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.lungcan.2016.10.005
https://doi.org/10.1007/s00280-018-3660-2
https://doi.org/10.1016/j.jtho.2017.08.021
https://doi.org/10.1016/j.lungcan.2016.01.011
https://doi.org/10.1093/annonc/mdz131
https://doi.org/10.1200/jco.2017.75.5587
https://doi.org/10.1200/jco.2017.75.5587
https://doi.org/10.1056/NEJMoa1214886
https://doi.org/10.1007/s40265-013-0142-z
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Peripheral Lung Squamous Carcinoma With ROS1 Rearrangement Sensitive to Crizotinib: A Case Report
	Introduction
	Case Description
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


