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Fine needle

The major categories of neuroendocrine tumors of lung are typical
carcinoid, atypical carcinoid, large cell neuroendocrine carcinoma, and
small cell carcinoma, The histologic classification criteria of neuroen-
docrine tumors are well documented in the “WHO Classification of
Tumors” based on mitotic figures and necrosis, Cytologic characteris-
tics of neuroendocrine tumors are trabecular, acinar, and solid
arrangement of tumor cells and occasional rosette formation, Nuclear
chromatin patterns are characteristically described as “salt and pepper
chromatin pattern”
the literature are before the “ WHO Classification”
cytologic features of pulmonary neuroendocrine tumors are document-
ed according to the WHO classification, and recent concepts of neu-
roendocrine tumors of lung are discussed,

Many of cytologic classifications documented in
. In this review, the

(Korean J Cytopathol 2008;19(1):9-15)
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Fig. 1. (A) Typical carcinoid tumor, The association of tumor cells with arborizing delicate capillaries is distinct (Papanicolaou stain).
(B) Spindle cell carcinoid, Spindle to ovoid nuclei with features of classic “salt and pepper chromatin pattern” are evident in this
smear (Papanicolaou stain).

10 COHEHMZR2|sHs|X| M 193 X[ 1S / 2008



JS Koh : FNA Cytologic Findings of Pulmonary Neuroendocrine Tumors

Fig. 2. Atypical carcinoid. A case of atypical carcinoid shows
slight nuclear atypism and moderate amounts of cytoplasm,
Infrequent mitotic figures are observed (Papanicolaou stain),
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Table 1. Cytological Features of High Grade Pulmonary Neuroendocrine Tumors

Large cell neuroendocrine carcinoma

Cytologic features SCLC-like NSCLC-like Small cell carcinoma
Microscopic architecture Trabecular, rosettes Trabecular, rosettes Trabecular, rosettes
N-C ratio High Moderate High

Nuclear size (X RBC) 3~5 3~5 1.5~25

Nuclear shape Oval, polygonal Oval, round, pleomorphic Oval, polygonal
Nuclear membrane Irregular Irregular Irregular

Chromatin pattern Fine Coarse Fine

Nucleoli Distinct to conspicuous Conspicuous Indistinct, or small distinct
Nuclear molding Frequent Rare Frequent

Necrosis Frequent Frequent Frequent

Mitosis Present Present Present

Crush artifacts Frequent Rare Frequent

12

(Modified from Yang Y] et al, Diagn Cytopathol. 2001,25:292-300)
SCLC; small cell lung cancer, NSCLC; non-small cell lung cancer,

N-C ratio; nucleocytoplasmic ratio
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Fig. 4. Small cell carcinoma, Clusters of cells with scant cyto—
plasm, nuclear molding and finely granular but obviously
hyperchromatic nuclei, and absence of nucleoli are easily rec—
ognized (Papanicolaou stain).
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Fig. 5. Combined small cell carcinoma. Histologic section
shows combined small cell carcinoma and adenocarcinoma.
The adenocarcinoma component was not appreciated in cyto—
logic examination (H&E).

CHakM| ZeE |35 x| X197 |15 / 2008

A

FGolv] A og AR B5E
7oA AAtet AP o] sl =it
I A}, Hzo] el ofshd Hl2AES
AVUREE] 23te] Fejshy 24 glo]
AAzA s s @A oA AR F3kE Kol o5
ollr] ofmgh Qg2 2lel7h glarol HaLs et » &, 4uA
FEAZI} A ZGF] L vl TRstER K|
T2 7Istolofstr, g o] off- 9ol W delatet

Eolsto] H4a A muilol YotolA= s Yxstolol o
Aolrt.

REFERENCES

1. Travis WD, Brambilla E, Muller-Hermelink HK, Harris CC.
Pathology and genetics of tumors of the lung, pleura, thy-
mus and heart, 1st ed, Lyon : IARCPress, 2004; 31-62,

2. Flieder DB. Neuroendocrine tumors of the lung: recent
developments in histopathology. Curr Opin Pulm Med
2002;8:275-80.

3. Kim MS, Park IA, Park SH, et al. Transthoracic fine needle
aspiration cytology of the lung. Korean | Cytopathol
1999;10:13-9.

4. Frierson HF Jr, Covell JL, Mills SE. Fine needle aspiration
cytology of atypical carcinoid of the lung. Acta Cytol
1987;31:471-5.

5. Jordan AG, Predmore L, Sullivan MM, Memoli VA, The
cytodiagnosis of well-differentiated neuroendocrine carci-
noma, A distinct clinicopathologic entity. Acta Cytol
1987;31:464-70.

6. Nicholson SA, Ryan MR, A review of cytologic findings in
neuroendocrine carcinomas including carcinoid tumors
with histologic correlation, Cancer 2000;90:148-61,

7. Szyfelbein WM, Ross JS. Carcinoids, atypical carcinoids,
and small-cell carcinomas of the lung: differential diagnosis
of fine-needle aspiration biopsy specimens.
Cytopathol 1988;4:1-8.

8. Mitchell ML, Parker FP. Capillaries. A cytologic feature of
pulmonary carcinoid tumors, Aeta Cytol 1991;35:183-5.

Diagn

9. Craig ID, Finley RJ. Spindle-cell carcinoid tumor of lung.
cytologic, histopathologic and ultrastructural features. Aeta
Cytol 1982;26:495-8,

10. Fekete PS, Cohen C, DeRose PB. Pulmonary spindle cell
carcinoid, needle aspiration biopsy, histologic and
immunohistochemical findings. Acta Cyto/ 1990;34:50-6.



JS Koh : FNA Cytologic Findings of Pulmonary Neuroendocrine Tumors

11.

12,

13.

14,

15,

16.

17.

18.

19.

20.

Renshaw AA, Haja J, Lozano RL, Wilbur DC, Cytology
Committee, College of American Pathologists.
Distinguishing carcinoid tumor from small cell carcinoma
of the lung: correlating cytologic features and performance
in the college of american pathologists non-gynecologic
cytology program. Arch Pathol Lab Med 2005;129:614-8.
Evans H, Blaney R. Pulmonary carcinoid with papillary
structure: report of a case with fine-needle aspiration cytol-
ogy. Diagn Cytopathol 1994;11:178-81,

Travis WD, Rush W, Flieder DB, et al. Survival analysis of
200 pulmonary neuroendocrine tumors with clarification of
criteria for atypical carcinoid and its separation from typi-
cal carcinoid. Am ] Surg Pathol 1998;22:934-44.

Lee YS, Park GS, Choi Y], Kang SJ, Kim BK, Shim SI. Fine
needle aspiration cytology of atypical carcinoid tumor of
the lung. Korean | Cytopathol 1997;8:76-82.

Iyoda A, Hiroshima K, Nakatani Y, Fujisawa T. Pulmonary
large cell neuroendocrine carcinoma: its place in the spec-
trum of pulmonary carcinoma, Aun Thorac Surg 2007;84:702-
7.

Hiroshima K, Abe S, Ebihara Y, et al. Cytological character-
istics of pulmonary large cell neuroendocrine carcinoma,
Lung Cancer 2005;48:331-7.

Wiatrowska BA, Krol J, Zakowski MF. Large-cell neuroen-
docrine carcinoma of the lung: proposed criteria for cyto-
logic diagnosis. Diagn Cytopatho! 2001;24:58-64.

Yang Y], Steele CT, Ou XL, Snyder KP, Kohman L]J.
Diagnosis of high-grade pulmonary neuroendocrine carci-
noma by fine-needle aspiration biopsy: nonsmall-cell or
small-cell type? Diagn Cytopathol 2001;25:292-300.,
Marchevsky AM, Gal AA, Shah S, Koss MN. Morphometry
confirms the presence of considerable nuclear size overlap
between “small cells” and “large cells” in high-grade pul-
monary neuroendocrine neoplasms. Am | Clin Pathol
2001;116:466-72,

Travis WD, Gal AA, Colby TV, Klimstra DS, Falk R, Koss

21,

22,

23,

24,

25,

20.

27,

28,

MN. Reproducibility of neuroendocrine lung tumor classifi-
cation, Hum Pathol 1998;29:272-9,

Nicholson SA, Beasley MB, Brambilla E, et al. Small cell
lung carcinoma (SCLC): a clinicopathologic study of 100
cases with surgical specimens., Aw | Swurg Pathol
2002;26:1184-97.

Arora VK, Singh N, Chaturvedi S, Bhatia A. Significance of
cytologic criteria in distinguishing small cell from non-
small cell carcinoma of the lung. Aeta Cytol 2003;47:216-20.

Mullins RK, Thompson SK, Coogan PS, Shurbaji MS.
Paranuclear blue inclusions: an aid in the cytopathologic
diagnosis of primary and metastatic pulmonary small-cell
carcinoma, Diagn Cytopathol 1994;10:332-5,

Sturgis CD, Nassar DL, D'Antonio JA, Raab SS. Cytologic
features useful for distinguishing small cell from non-small
cell carcinoma in bronchial brush and wash specimens,
Am ] Clin Pathol 2000;114:197-202,

Choi YH, Koh JS, Park S, et al. Differential diagnosis
between small cell carcinoma and adenocarcinoma of lung
in fine needle aspiration cytology. Korean | Cytopathol
2006;17:120-5.

Renshaw AA, Voytek TM, Haja J, Wilbur DC, Cytology
Committee, College of American Pathologists.
Distinguishing small cell carcinoma from non-small cell
carcinoma of the lung: correlating cytologic features and
performance in the college of american pathologists non-
gynecologic cytology program. Arch Pathol Lab Med
2005;129:619-23,

Fujiwara M, Horiguchi M, Inage Y, Horiguchi H, Satoh H,
Kamma H. Combined small cell carcinoma in the peripher-
al lung: importance of appropriate sampling. Acta Cytol
2005;49:575-8,

Ionescu DN, Treaba D, Gilks CB, et al. Nonsmall cell lung
carcinoma with neuroendocrine differentiation--an entity of
no clinical or prognostic significance, Am | Surg Pathol
2007;31:26-32.

The Korean Journal of Cytopathology Vol 19 No 1 /2008 15




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 true
  /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 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


