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Editorial on the Research Topic

Opportunities for PET imaging for the identification, staging, and moni-
toring of cancers
Cancer is one of the leading causes of death worldwide. Early diagnosis and treatment, as

well as precise tumor staging are very important for the therapy choice and prognosis in

oncology. PET can provide functional and metabolic information at the cellular and

molecular level, allowing the early detection of cancer. Using molecular probes targeting

specific tumor cells, PET enables ultra-early diagnosis and molecular typing of tumors.

Combined with CT or MRI modality delivering anatomical information, the hybrid imaging

modality (PET/CT or PET/MR) can provide important diagnostic information for oncology.

The introduction of clinical PET/CT and PET/MR has led to a dramatic innovation in clinical

research and patient management. The applications include diagnosis, staging and treatment

response monitoring. Especially with the rapid development of new radiotracers, applications

of multi-parameter functional MR imaging and artificial intelligence or radiomics

technology, PET has become a very important tool in oncology.
Identification

PET enables tumor imaging at the cellular/molecular level and early detection of cancer

via visualization distribution of the specific and nonspecific radiotracer. Metabolism is higher

in most malignant tumor cells than benign tumors, so radiotracers such as 18F-FDG, 18F/11C-

CHO, and 11C-MET can be used for the differential diagnosis of benign and malignant

tumors. Many functional MRI sequences, such as diffusion weighted imaging (DWI),

perfusion weighted imaging (PWI) and magnetic resonance spectroscopy (MRS), can

provide multidimensional functional information such as changes of water content and

movement in tissue, microcirculation state and concentration of metabolites, to aid

quantitative and qualitative diagnosis. These functional MRI sequences have been widely

used in brain, lung, prostate and breast tumors. Diffusion-related parameters, such as mean

diffusivity (MD) and apparent diffusion coefficient (ADC), reflect the restricted diffusion of

water molecules in the tissue and are closely related to the cell density, intracellular matrix

and number of organelles. Feng et al. found both ADC andMD values were weakly negatively
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correlated with the Ki-67 index, which is associated with the cell

density, nucleocytoplasmic ratio and tumor invasive ability. Recent

studies have confirmed that volume-based PET parameters, such as

metabolic tumor volume (MTV) and total lesion glycolysis (TLG),

reflect the biological information of tumors more comprehensively,

especially in the assessment of lung cancer stage (1–3). Feng et al.

found that SUVmax, MTV and TLG values were significantly different

between the squamous cell carcinoma group and adenocarcinoma

group, which was very important in the identification of non-small

cell lung cancer subtypes. Artificial intelligence and radiomics

technologies can perform quantitative high-throughput image

phenotypic analysis and identify important discriminant features to

form effective radiomic features, that can be used effectively for

disease detection, classification, prediction and prognosis

evaluation. Wang et al. extracted radiomics features from18F-

PSMA-1007-PET/CT imaging of primary prostate cancer to predict

the tumor malignancy and clinical risk stratification. The study

showed that PET/CT radiomic features alone had similar benefits

as combined prostate specific antigen levels and metastatic status (4).

Zhou et al. evaluated the predictive value in risk classification of the

parameters of 18F-DCFPyL PSMA PET/CT. They found that prostate/

muscle (P/M) ratio was the better parameter for risk classification of

prostate cancer than SUVmax.
Staging

Combined the anatomical information provided by CT or MR

imaging, PET/CT and PET/MR imaging enable accurate tumor

staging. CT and MR imaging can provide anatomical details of the

lesions including adjacent tissue invasion around tumors, even can

show small distant metastasis, which can be helpful for more accurate

TNM staging and has been of great clinical value especially in head

and neck cancer (5, 6), breast cancer (7) and abdominal and pelvic

tumors (8). In addition, PET can detect metastatic lymph node lesions

which are small but clinically suspected with active FDG metabolism

or high signal on DWI. The early detection of distant metastases can

influence the tumor staging and the following treatment strategy (9,

10). Therefore, PET/CT and PET/MR can more accurately stage the

tumor to provide more objective basis for the selection of

individualized treatment.
Monitoring and prediction

PET can more accurately monitor and predict the therapeutic

response of tumor radiotherapy and chemotherapy and metabolic

activity in the early stage of the lesion. Metabolic assessment by 18F

FDG, measurement of mitotic activity by FLT, and application of new

radiotracers such as amino acid tracers and their analogues can

differentiate tumor recurrence from radiation necrosis. In addition,
18F-FET can also predict the prognosis of patients, and 18F-FDOPA

PET can monitor tumor therapeutic response. For example, for

pancreatic cancer patients who are not sensitive to chemotherapy
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and the RECIST criteria are not applicable to the evaluation of

therapeutic efficacy, the metabolic information provided by PET/

MR imaging can help identify early treatment response. Bevacizumab

combined with chemotherapy has been approved by the United States

Food and Drug Administration (US FDA) as a first-line treatment for

locally unresectable advanced, recurrent, metastatic, non-squamous

non-small cell lung cancer, however, who would benefit from this

combination remains still unclear (11). Liu et al. combined18F-RGD

PET/CT parameters with systemic immune factors to predict

outcomes of patients with advanced non-small cell lung cancer

receiving combined antiangiogenic treatment. They found 18F-RGD

uptake on PET/CT and baseline serum inflammation biomarker

could be used as predictive markers for combined antiangiogenic

treatment. Similar results were reported by Hu et al.

In conclusion, PET, especially PET/CT and PET/MR imaging, has

been widely used in oncology by providing both anatomical,

functional and metabolic information at the cellular and molecular

level. With the introduction of more tissue characterization

techniques and multi-parameter MR imaging techniques, high-

throughput image quantitative analysis methods such as artificial

intelligence and radiomics, and the development of novel PET tracers,

PET/CT and PET/MR would show a broader application prospective

in the early diagnosis, staging, efficacy evaluation and prognosis

prediction in oncology.
Author contributions

JS: Writing-original draft preparation. ZS and LZ: Reviewing and

Editing. All authors contributed to the article and approved the

submitted version
Funding

Grant Support: This work was funded by the National Science

Foundation of China (NSFC) (81701770).
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.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fonc.2022.1018833
https://doi.org/10.3389/fonc.2022.800904
https://doi.org/10.3389/fonc.2021.671912
https://doi.org/10.3389/fonc.2022.943933
https://doi.org/10.3389/fonc.2023.1135928
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Sun et al. 10.3389/fonc.2023.1135928
References
1. Park S, Lee E, Rhee S, Cho J, Choi S, Lee S, et al. Correlation between semi-
quantitative (18)F-FDG PET/CT parameters and ki-67 expression in small cell lung
cancer. Nucl Med Mol Imaging (2016) 50(1):24–30. doi: 10.1007/s13139-015-0363-z

2. Hyun SH, Ahn HK, KimH, AhnMJ, Park K, Ahn YC, et al. Volume-based assessment
by (18)F-FDG PET/CT predicts survival in patients with stage III non-small-cell lung cancer.
Eur J Nucl Med Mol Imaging (2014) 41(1):50–8. doi: 10.1007/s00259-013-2530-8

3. Mahmoud HA, Oteify W, Elkhayat H, Zaher AM, Mohran TZ, Mekkawy N, et al.
Volumetric parameters of the primary tumor and whole-body tumor burden derived
from baseline (18)F-FDG PET/CT can predict overall survival in non-small cell lung
cancer patients: initial results from a single institution. Eur J Hybrid Imaging (2022) 6
(1):37. doi: 10.1186/s41824-022-00158-x

4. Wang Z, Li Y, Zheng A, Gao J, Yuan W, Shen C, et al. Evaluation of a radiomics
nomogram derived from fluoride-18 PSMA-1007 PET/CT for risk stratification in newly
diagnosed prostate cancer. Front Oncol (2022) 12:1018833. doi: 10.3389/fonc.2022.1018833

5. Samolyk-Kogaczewska N, Sierko E, Dziemianczyk-Pakiela D, et al. Usefulness of
hybrid PET/MRI in clinical evaluation of head and neck cancer patients. Cancers (Basel)
(2020) 12(2):511. doi: 10.3390/cancers12020511

6. Crimi F, Borsetto D, Stramare R, Di Carlo R, Emauelli E, Nicolai P, et al. [(18)F]
FDG PET/MRI versus contrast-enhanced MRI in detecting regional HNSCC metastases.
Ann Nucl Med (2021) 35(2):260–9. doi: 10.1007/s12149-020-01565-5
Frontiers in Oncology 03
7. Morawitz J, Bruckmann NM, Dietzel F, Ullrich T, Bittner AK, Hoffmann O, et al.
Comparison of nodal staging between CT, MRI, and [(18)F]-FDG PET/MRI in patients
with newly diagnosed breast cancer. Eur J Nucl Med Mol Imaging (2022) 49(3):992–1001.
doi: 10.1007/s00259-021-05502-0

8. Mirshahvalad SA, Hinzpeter R, Kohan A, Anconina R, Kulanthaivelu R, Ortega C,
et al. Diagnostic performance of 18F-FDG PET/MR in evaluating colorectal cancer: a
systematic review and meta-analysis. Eur J Nucl MedMol Imaging (2022) 49(12):4205–17.
doi: 10.1007/s00259-022-05871-0

9. Verhagen MV, Menezes LJ, Neriman D, Watson TA, Punwani S, Taylor SA, et al.
(18)F-FDG PET/MRI for staging and interim response assessment in pediatric and
adolescent hodgkin lymphoma: A prospective study with (18)F-FDG PET/CT as the
reference standard. J Nucl Med (2021) 62(11):1524–30. doi: 10.2967/jnumed.120.260059

10. Kurch L, Kluge R, Sabri O, Fischer L, Wendt S, Graf Einsiedel H, et al. Whole-body
[(18)F]-FDG-PET/MRI for staging of pediatric non-Hodgkin lymphoma: first results
from a single-center evaluation. EJNMMI Res (2021) 11(1):62. doi: 10.1186/s13550-021-
00804-8

11. Sandler A, Gray R, Perry MC, Brahmer J, Schiller JH, Dowlati A, et al. Paclitaxel-
carboplatin alone or with bevacizumab for non-small-cell lung cancer. N Engl J Med
(2006) 355(24):2542–50. doi: 10.1056/NEJMoa061884
frontiersin.org

https://doi.org/10.1007/s13139-015-0363-z
https://doi.org/10.1007/s00259-013-2530-8
https://doi.org/10.1186/s41824-022-00158-x
https://doi.org/10.3389/fonc.2022.1018833
https://doi.org/10.3390/cancers12020511
https://doi.org/10.1007/s12149-020-01565-5
https://doi.org/10.1007/s00259-021-05502-0
https://doi.org/10.1007/s00259-022-05871-0
https://doi.org/10.2967/jnumed.120.260059
https://doi.org/10.1186/s13550-021-00804-8
https://doi.org/10.1186/s13550-021-00804-8
https://doi.org/10.1056/NEJMoa061884
https://doi.org/10.3389/fonc.2023.1135928
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Editorial: Opportunities for PET imaging for the identification, staging, and monitoring of cancers
	Identification
	Staging
	Monitoring and prediction
	Author contributions
	Funding
	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 /sRGB
  /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 false
  /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 false
  /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 false
  /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


