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Editorial on the Research Topic

Multidimensionally decoding the impact of tumor heterogeneity on
immunotherapy responsiveness in gastrointestinal tumors
Recent advances in cancer biology and immunobiology have revolutionized medical

oncology, positioning cancer immunotherapy as a burgeoning treatment modality. This

new generation therapy, which follows traditional interventions like surgery, radiotherapy,

and chemotherapy, modulates the immune system to reinitiate and sustain the “tumor-

immunity” cycle. It enhances the body’s anti-tumor immune response by boosting the

recognition and eradication of tumor cells, thereby potentially controlling or specifically

eliminating tumors (1). However, the response to immunotherapeutic agents varies among

patients; only a minority achieve significant clinical benefits (2). This variability primarily

stems from tumor heterogeneity, influenced by the distinct tumor microenvironments (3).

Decoding cellular heterogeneity within the tumor microenvironment and elucidating

spatial architectures are crucial for understanding disease progression and therapeutic

responses. These insights enable the precise tailoring of treatment regimens in clinical

settings, including the selection of patient subsets for immunotherapy and the appropriate

reassignment of other subsets. A suite of advanced technologies, such as single-cell

sequencing, spatial transcriptomics, liquid and tissue biopsies and artificial intelligence

(AI), facilitates this process. AI integrates multi-omics data layers, including genomics,

transcriptomics, proteomics, epigenomics, and metabolomics, enhancing the assessment of

tumor heterogeneity and the efficacy of immunotherapy (4, 5). This comprehensive

analysis aids in unraveling the molecular underpinnings of tumor immunotherapy,
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systematically categorizing tumor subtypes, identifying specific

biomarkers efficiently, predicting clinical outcomes accurately,

and developing personalized treatment strategies (6).

In recent years, the prevalence of gastrointestinal tumors has

increased, yet their prognosis remains largely unchanged. Tumor

heterogeneity has been identified as a principal factor in this

stagnation. Extensive research has addressed the heterogeneity of

gastrointestinal tumors, encompassing esophageal, colorectal,

hepatobiliary, and pancreatic cancers, and has explored targeted

precision therapies (7–10). Our research aims to deepen the

understanding of tumor heterogeneity within the realm of

gastrointestinal cancer, thereby enhancing the multidimensional

comprehension of immunotherapy. Our approach spans several

dimensions: developing biomarkers for pre-treatment assessment,

identifying populations sensitive to immunotherapy at early stages,

devising new combination treatment strategies, and investigating the

factors, underlying mechanisms, and potential interventions for

immunotherapy-nonresponsive patients. This comprehensive
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analysis is poised to revolutionize the development of personalized

immunotherapeutic strategies by elucidating the impact of tumor

heterogeneity on treatment responsiveness (Figure 1).

This Research Topic compiles contributions from 44 authors

across five articles, exploring the crucial role of decoding tumor

heterogeneity in tumor immunity and the responsiveness to

immunotherapy in gastrointestinal cancers. Qu et al. reported on

a rare case of rectal squamous cell carcinoma (RSCC), which

represents a small fraction of rectal malignancies. The advent of

immunotherapy has opened new avenues for treating malignant

tumors; however, its application in RSCC, particularly in cases with

high PD-L1 expression, remains unexplored. This article details the

treatment journey of an RSCC patient, revealing that single-agent

immune checkpoint inhibitors (ICIs) may be less effective than

combined strategies incorporating radiotherapy. Similar findings

have been observed in advanced esophageal squamous cell

carcinoma. Huang et al. evaluated the efficacy of ICIs combined

with concurrent chemoradiotherapy (CCRT) versus CCRT alone in
FIGURE 1

Decoding the impact of tumor heterogeneity on immunotherapy in a variety of gastrointestinal tumors. (A) Oncologic immunotherapy strategies.
At present, the commonly used methods of cancer immunotherapy in clinical practice include: CAR-T cell therapy, cancer vaccines, immune
checkpoint inhibitors, oncolytic viruses and so on. (B) Common exploration of tumor heterogeneity includes heterogeneity of the microbiome,
heterogeneity of tumor immunity, and heterogeneity of tumor genomics. Combined with these heterogeneous conditions, the use of chemotherapy,
radiotherapy, immunotherapy and other therapies can be further explored. (C) The tumor types we explored in this Research Topic are shown in the
figure: esophageal squamous cell carcinoma, gastric carcinoma, pancreatic ductal adenocarcinoma, rectal squamous cell carcinoma.
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a retrospective cohort study involving patients with locally

advanced esophageal squamous cell carcinoma. Preliminary data

from single-center studies indicate that adding ICIs to CCRT does

not enhance survival outcomes compared to CCRT alone.

Moreover, gastric cancer exhibits significant heterogeneity, with

microbiomics emerging as a pivotal research direction. Munoz-

Medel et al. proposed that P. gingivalis and its virulence factors may

serve as mechanistic links between oral health and the onset and

progression of gastric cancer. They explored the influence of

bacterial virulence on the efficacy of inflammatory responses and

tumor immune checkpoint inhibitors, offering innovative avenues

for therapeutic interventions. Further addressing tumor

heterogeneity, Wang et al. utilized Mendelian randomization to

elucidate the relationship between immune cell infiltration and

gastrointestinal cancers at various sites. This study opens new

avenues for devising prevention strategies and identifying novel

immunotherapeutic targets. Additionally, Ye et al. discovered a

unique proliferating cell type, termed Prol, characterized by an

abundance of cell cycle and mitotic genes, using single-cell RNA

sequencing and spatial transcriptome technology. In pancreatic

ductal adenocarcinoma (PDAC), a higher proportion of Prol cells

correlates with reduced overall survival (OS) and progression-free

survival (PFS). Conversely, a lower proportion of these cells appears

to enhance the efficacy of immunotherapy and gemcitabine.

This topic aggregates five manuscripts that explore the critical

intersections of tumor heterogeneity and immunotherapy

responsiveness in gastrointestinal cancers. These studies

synergistically merge diverse data from various research

methodologies, enhancing our understanding of cancer subtype

heterogeneity. They successfully identify key immune biomarkers

specific to gastrointestinal tumors and underscore the significant
Frontiers in Immunology 03
potent ia l o f l everag ing tumor heterogene i ty in the

immunotherapeutic treatment of these cancers. Collectively,

these insights contribute profoundly to the development of

precision medicine modalities, paving the way for tailored

therapeutic strategies.
Author contributions

RW: Writing – original draft, Writing – review & editing. LW:

Writing – original draft, Writing – review & editing. YR: Writing –

original draft, Writing – review & editing. XH: Writing – original

draft, Writing – review & editing. ZL: Writing – original draft,

Writing – review & editing.
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. Zhang Y, Zhang Z. The history and advances in cancer immunotherapy:
understanding the characteristics of tumor-infiltrating immune cells and their
therapeutic implications. Cell Mol Immunol. (2020) 17:807–21. doi: 10.1038/s41423-
020-0488-6

2. Xu Y, Su GH, Ma D, Xiao Y, Shao ZM, Jiang YZ. Technological advances in cancer
immunity: from immunogenomics to single-cell analysis and artificial intelligence. Signal
Transduct Target Ther. (2021) 6:312. doi: 10.1038/s41392-021-00729-7

3. Arner EN, Rathmell JC. Metabolic programming and immune suppression in the
tumor microenvironment. Cancer Cell . (2023) 41:421–33. doi: 10.1016/
j.ccell.2023.01.009

4. He X, Liu X, Zuo F, Shi H, Jing J. Artificial intelligence-based multi-omics analysis
fuels cancer precision medicine. Semin Cancer Biol. (2023) 88:187–200. doi: 10.1016/
j.semcancer.2022.12.009

5. Baysoy A, Bai Z, Satija R, Fan R. The technological landscape and applications of
single-cell multi-omics. Nat Rev Mol Cell Biol. (2023) 24:695–713. doi: 10.1038/s41580-
023-00615-w
6. Chu X, Zhang B, Koeken V, Gupta MK, Li Y. Multi-omics approaches in
immunological research. Front Immunol. (2021) 12:668045. doi: 10.3389/
fimmu.2021.668045

7. Liu Z, Zhao Y, Kong P, Liu Y, Huang J, Xu E, et al. et al: Integrated multi-omics
profiling yields a clinically relevant molecular classification for esophageal squamous
cell carcinoma. Cancer Cell. (2023) 41:181–195.e189. doi: 10.1016/j.ccell.2022.12.004

8. Sun C, Wang A, Zhou Y, Chen P, Wang X, Huang J, et al. et al: Spatially resolved
multi-omics highlights cell-specific metabolic remodeling and interactions in gastric
cancer. Nat Commun. (2023) 14:2692. doi: 10.1038/s41467-023-38360-5

9. Du M, Gu D, Xin J, Peters U, Song M, Cai G, et al. et al: Integrated multi-omics
approach to distinct molecular characterization and classification of early-onset
colorectal cancer. Cell Rep Med. (2023) 4:100974. doi: 10.1016/j.xcrm.2023.100974

10. Yousuf S, Qiu M, Voith von Voithenberg L, Hulkkonen J, Macinkovic I, Schulz
AR, et al. et al: spatially resolved multi-omics single-cell analyses inform mechanisms of
immune dysfunction in pancreatic cancer. Gastroenterology. (2023) 165:891–908.e814.
doi: 10.1053/j.gastro.2023.05.036
frontiersin.org

https://doi.org/10.3389/fonc.2024.1403089
https://doi.org/10.3389/fonc.2024.1403089
https://doi.org/10.3389/fimmu.2024.1343512
https://doi.org/10.3389/fonc.2023.1236435
https://doi.org/10.1038/s41423-020-0488-6
https://doi.org/10.1038/s41423-020-0488-6
https://doi.org/10.1038/s41392-021-00729-7
https://doi.org/10.1016/j.ccell.2023.01.009
https://doi.org/10.1016/j.ccell.2023.01.009
https://doi.org/10.1016/j.semcancer.2022.12.009
https://doi.org/10.1016/j.semcancer.2022.12.009
https://doi.org/10.1038/s41580-023-00615-w
https://doi.org/10.1038/s41580-023-00615-w
https://doi.org/10.3389/fimmu.2021.668045
https://doi.org/10.3389/fimmu.2021.668045
https://doi.org/10.1016/j.ccell.2022.12.004
https://doi.org/10.1038/s41467-023-38360-5
https://doi.org/10.1016/j.xcrm.2023.100974
https://doi.org/10.1053/j.gastro.2023.05.036
https://doi.org/10.3389/fimmu.2024.1482206
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Editorial: Multidimensionally decoding the impact of tumor heterogeneity on immunotherapy responsiveness in gastrointestinal tumors
	Author contributions
	Conflict of interest
	Publisher’s note
	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


