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Lung cancer is still predominately a disease with late-stage diagnosis and is the second highest cause of cancer death,
after prostate cancer for males and breast cancer for females. In the last 5 years, there has been an effort to focus
on prevention for smokers, with several lung cancer screening protocols being evaluated. In the last decade, the
pharmaceutical industry has continued to investigate the genome of non-small-cell lung cancer and new emerging
targeted treatments have been developed as a result. These novel therapies that have been developed were based on:
EGFR mutation, anaplastic lymphoma kinase mutation, proto-oncogene B-Raf (BRAF), proto-oncogene tyrosine-
protein kinase ROS-1 (ROS1) and PD-L1. Tyrosine kinase inhibitors (TKIs) were developed as drugs for EGFR,
anaplastic lymphoma kinase mutation, ROS1- and BRAF-based therapies and immunotherapy was developed for
PD-L1-based therapy [1-5]. There are currently different types of TKIs used as first-line treatment. However, these
drugs can cause side effects including colitis, rashes or pneumonitis. These adverse effects have been shown to be
associated with the effectiveness of the therapy. The more intense the adverse effects, the greater the resulting tumor
reduction and metastasis control. Currently, we can adjust the dosage so that the adverse effects are minimized
while also ensuring the therapy remains efficient. Moreover, drug resistance is usually observed in EGFR-positive
patients when using TKIs because the mutation T790M is developed [1]. However, novel TKIs have been developed
in order to overcome this. The main issue, until now, has been determining how to obtain the best possible sample
that harbors the mutation. This can be achieved with tissue re-biopsy, or by blood sample [2,3]. Each method has its
advantages and disadvantages. Re-biopsy is performed with an invasive technique, while a blood sample is easier to
obtain. However, only with a tissue sample we can be 100% sure that a T790M can be found (3. Immunotherapy
can be administered alone as first-line treatment if PD-L1 expression >50% but it can also be administered as
second-line treatment, indifferent of the PD-L1 expression [6]. Today, we can also administer immunotherapy as
first-line treatment in combination with chemotherapy, indifferent of the PD-L1 expression [7]. Immunotherapy
also has adverse effects, such as pneumonitis, orogonitis, vitiligo, dysregulation of the thyroid gland and hepatitis
resurrection [8,9]. There have been cases where the tumor in patients with very high PD-L1 expression (>90%)
induced tumor necrosis to such a degree that the tumor melted within 24 h [10]. Before assessing the genome in a
tissue sample, cells or blood, we should comment on the methods of biopsy and how to properly select for each
patient.
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Pulmonary physicians had the bronchoscope for many years before the evolution of the ultrasound systems. For
peripheral nodules, we can use the radial endobronchial ultrasound (EBUS), potentially combined with a C-arm
in order to enhance the efficiency of the method [11,12]. Before the radial-EBUS, we used a C-arm for guidance of
the biopsy forceps within the pulmonary parenchyma. However, this method was only efficient for large masses
(>3 cm). For pulmonary nodules, we can use electromagnetic navigation. There are currently different guidance
systems on the market and, again, the addition of radial-EBUS and/or C-arm can enhance the efficiency of the
electromagnetic navigation technique [11]. Cone beam computed tomography (CT) is another real-time navigation
system that can be used with very high efficiency, by both the pulmonary physicians or the radiologists for masses
and nodules [13,14]. Transthoracic ultrasound is another type of equipment that can be used either by the pulmonary
physicians or the radiologists for peripheral large masses. CT-guided biopsy is another method for biopsy, but has
limitations when compared with cone beam CT. Cone beam CT is real-time navigation, CT-guided biopsy is not.
Moreover, neither of these techniques should be used for central lesions next to large vessels, for safety reasons.
The real evolution for lung cancer staging became a reality with the convex probe EBUS (CP-EBUS) [15]. This
endoscope can access those lymph node stations, which are proposed from the International Association for the
Study of Lung Cancer (IALSC; CO, USA), within the mesothorax for proper lung cancer staging. It can safely
puncture lymph node stations next to large vessels and, of course, access central masses which are surrounding
central airways. The esophageal ultrasound (EUS) can be used to access lymph node stations like 7 and 4 L in
the mediastinum, and every mass that is located paraoesophageal. In the case where a lymph node station within
the mediastinum is so enlarged that it is touching the esophagus, it can be punctured with the EUS. Similarly, for
CP-EBUS there are cases where a mass can be accessed with using the CP-EBUS through the esophagus. In some
countries, the CP-EBUS is used to take biopsy from the left adrenal gland, especially in short patients (<1.70 cm).
The bronchoscope and CP-EBUS can use 19, 21 and 22G needles in order to acquire a sample. The larger the
needle diameter, the larger the tissue sample. However, we should not forget that we cannot use the 19G needle
in all lesions, since this could have serious adverse effects. Since the 19G needle has a larger diameter, it cannot be
used to take biopsy from lymph node stations which are in close contact with large vessels. However, a 19G needle
can be used for the EUS.

For CT-guided biopsy, transthoracic ultrasound-guided biopsy and cone beam CT-guided biopsy, we can use
larger core biopsy needles like 16 and 18G. Pneumothorax and hemothorax can occur in any case where needles
are used. Forceps and specially designed brushes can also be used through endoscopes for endobronchial lesions. A
very important factor is to assess our sample and, along with our pathology and cytology lab, perform the correct
procedures in order to accurately use our sample. A cytology and pathology lab should work closely together in
order to evaluate a biopsy material from a needle sample. Cell blocks produced from a needle biopsy are usually the
best solution to evaluate both the cells and the tissue that are acquired with small G needles, like the 21 and 22G.
We should use as little material as possible from one paraffin block to identify the cancer type so that we still have
enough material left over to evaluate the different genes that might be expressed.

It is very important to make the biopsy as convenient and safe as possible for a patient. For endoscopic
techniques, sedation should always be used. There are cases where biopsies in small lymph nodes (>5 mm) are
required for proper lung cancer staging, and general anesthesia is necessary. Regarding techniques such as cone beam,
transthoracic ultrasound and CT-guided biopsy, local anesthesia with lidocaine or xylocaine is enough. The status of
the respiratory system is very important to consider when evaluating what type of anesthesia should be administered
along with the proper biopsy method. Jet-ventilation is a respiratory model used where the respiratory rate is very
high (>60) along with a very high tidal volume (>450). A catheter first enters the vocal cords and then the trachea
while the patient is in deep sedation but is not intubated [16]. This model of respiration during an interventional
procedure is excellent for patients with chronic obstruction pulmonary disease, because these patients tend to
experience rapid increases in PCO, during an endoscopic procedure. Positron emission computed tomography can
indicate where to puncture within a large mass in order to obtain live cancer cells. Large masses, especially squamous
cell carcinoma, tend to experience tumor necrosis and develop abscesses, meaning false-negative results are often
given. This imaging technique provides information regarding the staging of lung cancer, it identifies suspicious
lymph nodes of the mesothorax and provides us with the first information of the extent of the disease until the
CP-EBUS verifies this information. Medical thoracoscopy is another technique which a pulmonary physician
or a thoracic surgeon can perform. We can easily visualize the pleura and perform large tissue biopsies and, if
necessary, perform pleurodesis [17]. Rapid on-site evaluation is another technique that provides information within
the biopsy procedure, regarding whether the material that we obtained was sufficient for diagnosis. Moreover, it
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provides information on whether we have lung cancer in the site that we punctured; small cell or non-small-cell
lung cancer, or distant metastasis. This technique has its limitations, since we might have false negative in cases of
lymphoma [15]. Whenever we suspect lymphoma, thoracoscopy should be preferred. Large 19G core biopsies from
endoscopic techniques might sometimes provide us with the diagnosis of lymphoma but we still have false-negative
results in some patients [18,19].

Another noninvasive method of rapid on-site evaluation is elastography, in which we use the color and strain
ration in order to have a real-time tissue evaluation [20]. It allows us to know if a lesion or a lymph node is benign or
malignant and where exactly to puncture within the lesion in order to obtain the best sample. When drug resistance
occurs with disease relapse in patients that are EGFR positive and are under TKIs, we need to obtain a new sample,
either tissue or cytology, to investigate whether we have T790M mutation. Current medical opinion suggests that
we should re-biopsy the cancer site if it relapses, if a new lesion occurs or if a lymph node is enlarged 12,21). Finally,
the method of biopsy should be chosen based on the safety of the patient and our first choice should be to obtain
tissue sample.

Financial & competing interests disclosure
The authors have no relevant affiliations or financial involvement with any organization or entity with a financial interest in or finan-
cial conflict with the subject matter or materials discussed in the manuscript. This includes employment, consultancies, honoraria,
stock ownership or options, expert testimony, grants or patents received or pending, or royalties.

No writing assistance was utilized in the production of this manuscript.

Open access
This work is licensed under the Attribution-NonCommercial-NoDerivatives 4.0 Unported License. To view a copy of this license,
visit http://creativecommons.org/licenses/by-nc-nd/4.0/

References

1. Domvri K, Zarogoulidis P, Darwiche K ¢z a/. Molecular targeted drugs and biomarkers in NSCLC, the evolving role of individualized
therapy. /. Cancer 4(9), 736-754 (2013).

2. Zarogoulidis P, Rapti A, Sardeli C ez al. Re-biopsy after relapse of targeted therapy. T790M after epidermal growth factor mutation,
where and why based on a case series. Respir. Med. Case Rep. 21, 171-175 (2017).

3. Sundaresan TK, Sequist LV, Heymach JV ez al. Detection of T790M, the acquired resistance EGFR mutation, by tumor biopsy versus
noninvasive blood-based analyses. Clin. Cancer Res. 22(5), 1103-1110 (2016).

4. Domvri K, Darwiche K, Zarogoulidis P, Zarogoulidis K. Following the crumbs: from tissue samples, to pharmacogenomics, to NSCLC
therapy. TLCR 2(4), 256-258 (2013).

5. Tsoulos N, Papadopoulou E, Metaxa-Mariatou V ez al. Tumor molecular profiling of NSCLC patients using next generation sequencing.
Oncol. Rep. 38(6), 3419-3429 (2017).

6. Zarogoulidis K, Zarogoulidis P, Darwiche K ez al. Treatment of non-small-cell lung cancer (NSCLC). /. Thorac. Dis. 5(Suppl. 4),
$389-S396 (2013).

7. Dafni U, Tsourti Z, Vervita K, Peters S. Immune checkpoint inhibitors, alone or in combination with chemotherapy, as first-line
treatment for advanced non-small-cell lung cancer. A systematic review and network meta-analysis. Lung Cancer 134, 127-140 (2019).

8.  Zarogoulidis P, Huang H, Tsiouda T ¢# /. Immunotherapy “shock” with vitiligo due to nivolumab administration as third line therapy
in lung adenocarcinoma. Respir. Med. Case Rep. 22, 283-286 (2017).

9.  Zarogoulidis P, Chinelis P, Athanasiadou A ez a/. Possible adverse effects of immunotherapy in non-small-cell lung cancer; treatment and
follow-up of three cases. Respir. Med. Case Rep. 22, 101-105 (2017).

10. Zarogoulidis P, Athanasiou E, Tsiouda T ez 2/ Immunotherapy “shock” a case series of PD-L1 100% and pembrolizumab first-line
treatment. Respir. Med. Case Rep. 22, 197-202 (2017).

11. Zaric B, Stojsic V, Sarcev T et al. Advanced bronchoscopic techniques in diagnosis and staging of lung cancer. /. Thorac. Dis. 5(Suppl. 4),
$359-S370 (2013).

12.  Zaric B, Stojsic V, Carapic V ¢z al. Radial endobronchial ultrasound (EBUS) guided suction catheter-biopsy in histological diagnosis of
peripheral pulmonary lesions. /. Cancer 7(1), 7-13 (2016).

13.  Hohenforst-Schmidt W, Zarogoulidis P, Vogl T ez al. Cone beam computertomography (CBCT) in interventional chest medicine —
high feasibility for endobronchial realtime navigation. /. Cancer. 5(3), 231-241 (2014).

14. Hohenforst-Schmidt W, Banckwitz R, Zarogoulidis P ¢# a/. radiation exposure of patients by cone beam CT during endobronchial
navigation — a phantom study. /. Cancer 5(3), 192-202 (2014).

Editorial

future science group www.futuremedicine.com


http://creativecommons.org/licenses/by-nc-nd/4.0/

Editorial

Zarogoulidis, Kosmidis, Fyntanidou et al.

20.

21.

Oezkan F, Khan A, Zarogoulidis P ez a/. Efficient utilization of EBUS-TBNA samples for both diagnosis and molecular analyses. Onco.
Targets Ther. 7, 2061-2065 (2014).

Hohenforst-Schmidt W, Zarogoulidis P, Huang H ez al. A new and safe mode of ventilation for interventional pulmonary medicine: the
case of nasal superimposed high frequency jet ventilation. /. Cancer 9(5), 816-833 (2018).

Yap KH, Phillips MJ, Lee YC. Medical thoracoscopy: rigid thoracoscopy or flexi-rigid pleuroscopy? Curr. Opin. Pulm. Med. 20(4),
358-365 (2014).

Yu L, Chen K, Xu Y ez al. The value of EUS in combination with cytological, flow cytometry, and gene rearrangement in the diagnosis of
gastrointestinal lymphoma. Hematol. Oncol. 35(3), 303-309 (2017).

Zarogoulidis P, Huang H, Bai C ez al. Endobronchial ultrasound convex probe for lymphoma, sarcoidosis, lung cancer and other
thoracic entities. A case series. Respir. Med. Case Rep. 22, 187-196 (2017).

Huang H, Huang Z, Wang Q et al. Effectiveness of the benign and malignant diagnosis of mediastinal and hilar lymph nodes by
endobronchial ultrasound elastography. /. Cancer 8(10), 1843-1848 (2017).

Zarogoulidis P, Gaga M, Huang H, Darwiche K, Rapti A, Hohenforst-Schmidt W. Tissue is the issue and tissue competition. Re-biopsy
for mutation T790: where and why? Clin. Transl. Med. 6(1), 6 (2017).

Lung Cancer Manag. (2019) 8(3) future science group .

fsg




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /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


