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Editorial on the Research Topic

Personalized radiation therapy: Guided with imaging technologies
Over the years, with developments in technology and radiobiology, radiation therapy

has evolved into a primary treatment method for many cancer patients with certain

disease sites. However, in current radiotherapy (RT) practices, we are still treating each

patient within a specific tumor type and stage with a common dose, ignoring the wide

per-patient and per-tumor-sub-volume dose-response variations and missing the

opportunity to dynamically modify the dose distribution based on tumor response (1).

Radiation therapy (RT) efficacy is crippled by this lack of patient-specific treatment

strategy. More and more studies have shown the value of personalized cancer treatments.

Vendors and research institutes are also working on new treatment technologies with

achieving personalized radiation therapy as one of the goals (2–5) Among all the newly

introduced technologies, majority of them involves novel integration of imaging

technologies. Such as, MR guided radiation therapy (MRgRT), biology-guided

radiotherapy (BgRT) with onboard PET, CT guided RT, CBCT-guided RT with

modern platform based on artificial intelligence (AI), and dedicated MR simulator for

RT. In combination with the introduction of AI and radiomics into RT, online adaptive

treatments and treatment response prediction are becoming practical to be included into

clinical RT practice (6). The current issue highlights recent works in advancing

personalized radiation therapy, specifically with the help of imaging guidance.

Among a number of proposals submitted, 19 of which were accepted for publication

in the special issue. The accepted papers can be grouped in to the following three main
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directions: (1) importance of personalized radiation therapy; (2)

image based treatment response prediction; (3) exploration of

personalized treatment.
Importance of personalized
radiation therapy

Iezzi et al. presented a study on evaluating the dosimetric

importance of on-line adaptive for breast IMRT treatment. A

strategy is also proposed to make automatic prediction based on

daily CBCT if on-line adaptive is necessary for that specific

fraction. Also targeting on breast cancer, Wang et al. introduced

their study on the incidental irradiation to internal mammary

node (IMN) for patients underwent different type of surgery,

radical mastectomy vs. breast-conserving surgery, and different

radiotherapy regimens. Their study came to the conclusion that

surgery type was the influencing factor of dose to IMN with

conventional radiotherapy strategy. This opens up a question: is

it possible to achieve more optimal dose to IMN regardless of the

surgery type patients received with personalized RT? Zhang et al.

used a “Sphere-mask” optical positioning system (S-M_OPS)

retrospectively analyzed the setup errors for a large group of

patients with different disease sites. In addition to introducing

the efficiency and setup accuracy of S-M_OPS, the study also

highlighted the residual setup errors with different mainstream

setup tools, which can be further accounted for by on-line

personalized RT.
Image based treatment response
prediction

Luo et al. introduced their model that is based on CT

radiomics, clinical and dosimetric parameters to predict 1-year

local control for lung cancer patients treated with SBRT. On the

platform of low field MRgRT, Chiloiro et al. performed a study

evaluating a “delta radiomics” approach to predict 2-year

disease-free-survival (2yDFS) for rectal cancer patient

undergoing neoadjuvant chemoradiotherapy (nCRT). For the

same type of patients, Shi et al. investigated the usage of

combined information of pretreatment blood biomarkers and

MRI based morphological information to predict nCRT

treatment response. Besides anatomical information, different

medical imaging modalities can also provide functional

information. Currently, anatomical change is still the main

clinical criteria for treatment response evaluation. However,

functional change, such as metabolism, cellular density, and

vasculature, usually happens earlier than morphological changes

(7–11) This is a highly desirable feature for treatment response
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prediction so that it can be used to improve treatment efficacy

with early intervention. Zhou et al. performed a comprehensive

review on the applications of functional imaging in liver-sparing

RT. Kooreman et al. introduced an interesting study

investigating longitudinal treatment response monitoring,

using perfusion MRI techniques on a cohort of prostate

patients. They evaluated two different perfusion MRI

techniques, Intravoxel Incoherent Motion (IVIM) and

Dynamic Contrast-Enhanced (DCE) MRI, finding significant

correlations. This study highlighted the possibility of using IVIM

as a non-contrast alternative perfusion MRI for longitudinal

acquisition to achieve early treatment response prediction. For a

cohort of head and neck patients, Chen et al. performed pre-

treatment and weekly mid-treatment FDG-PET/CT acquisition

during standard chemoradiotherapy. Tumor voxel dose-

response matrix (DRM) constructed based on the serial FDG-

PET/CT was proven to be a predictive tool for treatment

response. Also with FDG-PET, Ji et al. developed a

convolutional neural network (CNN) taking pre-treatment

FDG-PET and spatial dose distribution as input to predict RT

treatment outcome as a synthetic post-treatment FDG-PET,

which can be used for adaptive RT decision making or on-

line planning.
Exploration of personalized
treatment

Personalized treatment is a broad definition, and the

personalized portion can happen at different steps of the entire

RT workflow. Hooshangnejad et al. introduced a novel patient-

specific duodenal pacer simulator algorithm, which can serve as

a decision support system to provide optimal spacer location for

placement guidance. Ku et al. introduced a novel fiducial marker

(FM) implantation procedure by adding a patient specific pre-

implant planning and simulation step. For patients with invisible

lung tumors treated on CyberKnife, this retrospective study

proved that the additional step reduces the patient radiation

exposure and increases the number of FMs inserted around

tumors. Zhang et al. explored an augmented reality (AR) –

assisted RT positioning system using HoloLens 2. This is an

interesting and novel patient specific positioning study and

concluded that the proposed AR-assisted RT positioning

method is highly feasible with several advantages. Using image

guidance to personalize RT during treatment planning or

treatment fractions is gaining a lot of research interests in the

past several years. Zhu et al. used multiparametric MRI

including 3D ASL to differentiate high and low blood

perfusion areas within GTV for a group of adult non-

enhancing low-grade gliomas (NE-LGGs). This generated

information can be used to guide personalized RT boost for
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treatment efficacy improvements. Also for tumor segmentation

purpose, Lau et al. explored a gradient-based method using 18F-

PSMA-1007 PET/CT for prostate cancer lesion contouring and

quantification. Nie and Li proposed predictive strategy to project

tumor volume onto 2D MR cine from 4D MRI libraries for

personalized MRgRT. By accurately predict respiratory motion

during 2D cine imaging and projecting tumor volume contour

on 2D cine, real-time assessment of beam-to-tumor

conformality was proven to be feasible and promising for

personalized MRgRT. Last but not the least, biology-guided

radiation therapy (BgRT), represented by RefleXion X1™, the

first FDA cleared BgRT system, is another novel and promising

technology that can potentially bring meaningful personalized

RT into routine clinical practice. Seyedin et al. described a

planning comparison study on RefleXion X1™ and proved its

potential as a powerful tool to reduce the radiation dose to

nearby structures by using real-time positron emission imaging.

We have presented here some snapshots of different research

activities in our field related personalized radiotherapy. We are

hoping this can serve as a handy reference resource for students

and researchers who are interested in this area and inspire more

and more studies to further advance personalized RT with the

ultimate goal of maximizing RT efficacy for every patient.
Frontiers in Oncology 03
Author contributions

YY, JC and DC contributed to conception and writing of the

editorial. All authors contributed to the article and approved the

submitted version.
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.
References
1. Hall EJ, Giaccia AJ. Radiobiology for the Radiologist, LWW; 8th edition.
(2018), ISBN-10: 1496335418.

2. Sasa Mutic JF. Dempsey, “The ViewRay system: Magnetic resonance-guided
and controlled radiotherapy”. Semin Radiat Oncol (2014) 7:196–9. doi: 10.1016/
j.semradonc.2014.02.008

3. Kerkhof EM, Raaymakers BW, van Vulpen M, Zonnenberg BA, Ruud Bosch
JLH, vanMoorselaar RJA, et al. A new concept for non-invasive renal tumour
ablation using real-time MRI-guided radiation therapy. BJU Int (2011) 1:63–8. doi:
10.1111/j.1464-410X.2010.09458.x

4. Shirvani SM, Huntzinger CJ, Melcher T, Olcott PD, Voronenko Y,
Bartlett-Roberto J, et al. Biology-guided radiotherapy: Redefining the role of
radiotherapy in metastatic cancer. Br J Radiol (2021) 94:1117. doi: 10.1259/
bjr.20200873

5. Jonsson J, Nyholm T, Soderkvist K. The rationale for MR-only treatment
planning for external radiotherapy. Clin Trans Radiat Oncol (2019) 18:60–5. doi:
10.1016/j.ctro.2019.03.005

6. Gao Y, Ghodrati V, Kalbasi A, Fu J, Ruan D, Cao M, et al. Prediction of soft
tissue sarcoma response to radiotherapy using longitudinal diffusion MRI and a
deep neural network with generative adversarial network-based data augmentation.
Med Phys (2021) 48:3262–372. doi: 10.1002/mp.14897

7. Bhatnagar P, Subesinghe M, Patel C, Prestwich R, Scarsbrook AF. Functional
imaging for radiation treatment planning, response assessment, and adaptive
therapy in head and neck cancer. Radiographics (2013) 33(7):1909–29. doi:
10.1148/rg.337125163

8. Tsien C, Cao Y, Chenevert T. Clinical applications for diffusion magnetic
resonance imaging in radiotherapy. Semin Radiat Oncol (2014) 24:218–26. doi:
10.1016/j.semradonc.2014.02.004

9. Teo QQ, Thng CH, Koh TS, Ng QS. Dynamic contrast-enhanced magnetic
resonance imaging: Applications in oncology. Clin Oncol (2014) 26:e9–20. doi:
10.1016/j.clon.2014.05.014

10. Dijkhoff RAP, Beets-Tan RGH, Lambregts DMJ, Beets GL, Maas M. Value
of DCE-MRI for staging and response evaluation in rectal cancer: A systematic
review. Eur J Radiol (2017) 95:155–68. doi: 10.1016/j.ejrad.2017.08.009

11. Knopp MV, von Tengg-kobligk H, Choyke PL. Functional magnetic
resonance imaging in oncology for diagnosis and therapy monitoring. Mol
Cancer Ther (2003) 2:419–26.
frontiersin.org

https://doi.org/10.3389/fonc.2022.897700
https://doi.org/10.3389/fonc.2022.898771
https://doi.org/10.3389/fonc.2022.921473
https://doi.org/10.1016/j.semradonc.2014.02.008
https://doi.org/10.1016/j.semradonc.2014.02.008
https://doi.org/10.1111/j.1464-410X.2010.09458.x
https://doi.org/10.1259/bjr.20200873
https://doi.org/10.1259/bjr.20200873
https://doi.org/10.1016/j.ctro.2019.03.005
https://doi.org/10.1002/mp.14897
https://doi.org/10.1148/rg.337125163
https://doi.org/10.1016/j.semradonc.2014.02.004
https://doi.org/10.1016/j.clon.2014.05.014
https://doi.org/10.1016/j.ejrad.2017.08.009
https://doi.org/10.3389/fonc.2022.1078265
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Editorial: Personalized radiation therapy: Guided with imaging technologies
	Importance of personalized radiation therapy
	Image based treatment response prediction
	Exploration of personalized treatment
	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 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


