
ORAL PRESENTATION Open Access

Session: Evaluation of lung nodules: role of
PET/CT
Massimo Bellomi1*, Cristiano Rampinelli1, Giulia Veronesi2

From International Cancer Imaging Society (ICIS) 14th Annual Teaching Course
Heidelberg, Germany. 9-11 October 2014

Computed Tomographic (CT) screening for lung cancer
remains controversial, although the National Lung
Screening Trial (NLST) found that low dose CT
(LDCT) reduced lung cancer mortality by about 20%
[1], the high rate of indeterminate and false positive
lung nodules was worrying.
The diagnostic work-up of CT nodules considers size

(diameter or volume), characteristics (density, morphol-
ogy, homogeneity) and volume doubling time (VDT), but
several studies have investigated the ability of positron
emission tomography (PET) to characterize nodules,
although its role in diagnostic algorithms for screening-
detected nodules has not been defined.
The first PET study with [18F]fluorodeoxyglucose to

characterize indeterminate nodules outside screening was
published in 2001 [2]. In a previous study on PET-CT at
baseline screening, we found an overall sensitivity of 88%
for diagnosing malignancy, while for solid nodules >10
mm, sensitivity was 100%, suggesting PET-CT as an alter-
native to invasive procedures in the screening setting [3].
When assessing the ability of PET-CT to diagnose indeter-
minate nodules detected during the subsequent years of
the screening and analyzing 383 PET-CT examinations
performed over 6 study years of screening, the sensitivity,
specificity and accuracy of visually evaluated PET-CT, in
distinguishing benign from malignant nodules, were 64%,
89% and 76% respectively. PET performance varied with
nodule diameter (accuracy increased from 70% for nodules
<10 mm to 82% for nodules ≥15 mm) and nodule type
(accuracy ranged from 88% for solid nodules to 46% for
non-solid nodules).
We do not use FNAB routinely in our screening pro-

tocol. Typically we proceed to surgery when nodule

characteristics, including VDT, often backed up by
PET-CT, indicate malignancy. The disadvantage is that
a preoperative pathological diagnosis is not available
and a wedge resection with frozen section examination
is required before radical surgery.
Nodules on PET-CT are commonly evaluated by semi-

quantitative SUVbw max, which is operator independent,
as well as by visual assessment of uptake by the nuclear
medicine physician, whose experience can markedly influ-
ence the result. In our study we evaluated both methods
and found visual assessment afforded higher accuracy
(76%) than any SUV threshold with a good compromise
between sensitivity (64%) and specificity (89%); while
increasing the threshold from 1.5 to 2.5 decreased sensitiv-
ity (67% to 51%) and increased specificity (80% to 91%).
To conclude, PET-CT has high NPV for solid nodules

≥15 mm, and high PPV for sub-solid nodules <10 mm,
justifying its inclusion in the diagnostic work-up of
indeterminate nodules identified on LDCT screening. It
is more useful for nodules detected at baseline, while
sensitivity is low for sub-solid nodules and nodules
discovered after baseline: for these other diagnostic
modalities, particularly VDT, are more useful.

Authors’ details
1Department of Medical Imaging and Radiological Sciences, European
Institute of Oncology. Via Ripamonti 435, 20141 Milano, Italy. 2Department of
Thoracic Surgery, European Institute of Oncology. Via Ripamonti 435, 20141
Milano, Italy.

Published: 9 October 2014

References
1. National Lung Screening Trial Research Team, Aberle DR, Adams AM,

Berg CD, Black WC, Clapp JD, et al: Reduced lung-cancer mortality with
low-dose computed tomographic screening. N Engl J Med 2011,
365:395-409.

2. Gould MK, Maclean CC, Kuschner WG, Rydzak CE, Owens DK: Accuracy of
positron emission tomography for diagnosis of pulmonary nodules and
mass lesions; a meta-analysis. JAMA 2001, 285:914-24.

* Correspondence: massimo.bellomi@ieo.it
1Department of Medical Imaging and Radiological Sciences, European
Institute of Oncology. Via Ripamonti 435, 20141 Milano, Italy
Full list of author information is available at the end of the article

Bellomi et al. Cancer Imaging 2014, 14(Suppl 1):O25
http://www.cancerimagingjournal.com/content/14/S1/O25

© 2014 Bellomi et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

http://www.ncbi.nlm.nih.gov/pubmed/21714641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21714641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11180735?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11180735?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11180735?dopt=Abstract
mailto:massimo.bellomi@ieo.it
http://creativecommons.org/licenses/by/4.0
http://�creativecommons.org/publicdomain/zero/1.0/


3. Veronesi G, Bellomi M, Veronesi U, Paganelli G, Maisonneuve P,
Scanagatta P, et al: Role of positron emission tomography scanning in
the management of lung nodules detected at baseline computed
tomography screening. Ann Thorac Surg 2007, 84:959-66.

doi:10.1186/1470-7330-14-S1-O25
Cite this article as: Bellomi et al.: Session: Evaluation of lung nodules:
role of PET/CT. Cancer Imaging 2014 14(Suppl 1):O25.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Bellomi et al. Cancer Imaging 2014, 14(Suppl 1):O25
http://www.cancerimagingjournal.com/content/14/S1/O25

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/17720408?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17720408?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17720408?dopt=Abstract

	Authors’ details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


