
Frontiers in Oncology

OPEN ACCESS

EDITED AND REVIEWED BY

Mohamed Rahouma,
NewYork-Presbyterian, United States

*CORRESPONDENCE

Giannis Mountzios
gmountzios@gmail.com

SPECIALTY SECTION

This article was submitted to
Thoracic Oncology,
a section of the journal
Frontiers in Oncology

RECEIVED 18 July 2022

ACCEPTED 22 August 2022
PUBLISHED 16 September 2022

CITATION

Mountzios G, Banna GL and Rolfo C
(2022) Editorial: Beyond
chemotherapy and immunotherapy
in thoracic malignancies: Overcoming
resistance by tackling new
molecular pathways.
Front. Oncol. 12:997404.
doi: 10.3389/fonc.2022.997404

COPYRIGHT

© 2022 Mountzios, Banna and Rolfo.
This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

TYPE Editorial
PUBLISHED 16 September 2022

DOI 10.3389/fonc.2022.997404
Editorial: Beyond chemotherapy
and immunotherapy in thoracic
malignancies: Overcoming
resistance by tackling new
molecular pathways

Giannis Mountzios1*, Giuseppe Luigi Banna2

and Christian Rolfo3

1Fourth Oncology Department and Clinical Trials Unit, Henry Dunant Hospital Center,
Athens, Greece, 2Portsmouth Hospitals University, National Health System (NHS) Trust,
Portsmouth, United Kingdom, 3Center for Thoracic Oncology, The Tisch Cancer Institute,
Icahn School of Medicine at Mount Sinai, New York, NY, United States

KEYWORDS

thoracic malignancies, lung cancer, chemotherapy, immunotherapy, resistance,
molecular pathways
Editorial on the Research Topic

Beyond chemotherapy and immunotherapy in thoracic malignancies:
Overcoming resistance by tackling new molecular pathways
Chemotherapy and immunotherapy, administered sequentially or concurrently,

represent the current standard of care for most patients with advanced non-small-cell lung

cancer (NSCLC) and other thoracic malignancies (1). However, even when administered as a

combination in first-line treatment of NSCLC, chemoimmunotherapy confers a median

progression-free survival (PFS) of approximately 8-10 months and a median overall survival

that falls below two years in both squamous and nonsquamous histologies (2–6). Immune

checkpoint inhibitors (ICIs) administered as monotherapy in selected patients with high

programmed-death ligand 1 (PD-L1) expression achieve better outcomes that, nevertheless,

confer long-term responses only in a minority of patients (7–9).

Patients with advanced NSCLC who progress after chemoimmunotherapy, given either

concurrently or sequentially, currently have limited treatment options. Second-line

chemotherapy with docetaxel, administered alone or in combination with anti-

angiogenic agents (ramucirumab, nindetanib), offers modest clinical outcomes (10, 11).

ICIs given as monotherapy have been proven superior to docetaxel in patients progressing

after first-line chemotherapy (12–15). Recent advances in elucidating the molecular biology

of the disease have led to the identification of molecular pathways that could be exploited

therapeutically in an effort to improve outcomes by overcoming resistance to

immunotherapy and chemotherapy (1). The patterns of resistance to immunotherapy
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have been extensively studied and may involve primary or

secondary resistance as well as intrinsic and extrinsic

mechanisms encompassing diverse molecular pathways (16).

Consequently, potential strategies to overcome acquired

resistance may include, among others:

-Combinations of immune checkpoint-modifying agents

that either inhibit suppression of immune cells (antagonists)

or activate the immune system (agonists). Examples include the

synergistic activity of PD-(L) 1 inhibitors with anti-CTLA4 or

anti-TIGIT monoclonal antibodies, as well as the combination

with agonists of immune activation, such as OX-40 monoclonal

antibodies (17)

- Combinations of ICIs with molecular targeted agents, such

as tyrosine kinase inhibitors, that interfere with diverse

molecular pathways, including cellular proliferation, apoptosis

regulation, inflammation, DNA repair, epigenetic modification

and angiogenesis. Metabolic pathways that are often associated

with immune regulation involve the mitogen-activated protein

kinase (MAPK), the phosphatidyl-inositol -3-kinase (PI3K) and

the signaling transducer and activator of transcription (STAT)

molecular pathways (18)

- Biotechnological advances have enabled the clinical

development of novel molecules with unique properties, such

as antibody-drug conjugates and bi-specific antibodies, that may

act as “engagers” of the immune system to cancer cells,

triggering thus the anti-tumor activity of the immune system

against neoantigens (19, 20)

- Finally, the role of the tumor microenvironment and the

identification of potential biomarkers of activity/resistance to

novel treatment strategies is currently a field of active

investigation to enhance anti-tumor immunity by studying the

interaction of the tumor cells with the stroma and the

surrounding host niche (21)

In the current Research Topic of Frontiers, we present eight

(8) high-quality articles that evaluate the strategies above to

tackle resistance to chemo-immunotherapy. Bie et al.

comprehensively reviewed anti-PD-1/PD-L1 immunotherapy-

related mechanisms, drug resistance-related mechanisms, and

therapeutic efficacy-related predictive biomarkers. Zhang et al.

studied the Effect of the Extracellular Superoxide Dismutase

(SOD3) Gene in Lung Cancer, revealing its prognostic value,

while Wu et al described a novel gene, SPTBN2, which is highly

expressed in lung adenocarcinoma, positively correlates with

poor prognosis, and can promote the proliferation, migration,

and invasion of lung adenocarcinoma cells. Yuan et al. evaluated

the DNA epigenetic methylation modification pattern of

patients with lung adenocarcinoma, which could enhance our

understanding of the features of tumor microenvironment

characterizat ion and may promote more favorable

immunotherapy strategies for these patients. In a pivotal phase

I/II study, Kim et al. showed the feasibility and preliminary signs

of efficacy of the combination of Dasatinib and Osimertinib in

TKI-naïve patients with advanced EGFR-mutant NSCLC,
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suggesting a synergistic effect for EGFR and SRC inhibition in

this setting. In an exploratory study, Schneider et al. tested

various Acute Phase Proteins as Early Predictors for

Immunotherapy Response in Advanced NSCLC. They

concluded that higher pre-therapeutic levels of haptoglobin

and ceruloplasmin are independent predictors of a worse PFS.

Suo et al. studied the effect of prior ant-angiogenic agents on the

efficacy of anlotinib in patients with NSCLC and concluded that

it might negatively affect the PFS. Finally, Frisone et al.

summarized the definitions of resistance to immunotherapy

and examined its underlying mechanisms and potential

corresponding treatment strategies by focusing on recently

published clinical trials and trials that are expected to deliver

results soon.

Discovering ways and strategies to overcome resistance to

immunotherapy, chemotherapy and targeted agents is a

constantly evolving research field. In this ever-lasting scientific

endeavor, the only road to successful outcomes passes through

sound scientific ratiional, robust pre-clinical experimentation and

well-designed and executed clinical trials. The algorithmic use of

potent biomarkers, including liquid biopsies, will likely assist in

identifying the subgroups of patients who will benefit the most

from each experimental strategy. The collective goal of these

strategies will be to implement individualized treatment

approaches after chemotherapy and immunotherapy failure,

based on the unique biological characteristics and mechanisms

of primary or acquired resistance for each one of our patients. This

personalized approach paves the way for precision oncology,

which is the optimal strategy to improve the lives of our patients.
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17. Rolfo C, Ordóñez-Reyes C, Cardona AF. Immunotherapy resistance in non-
small cell lung cancer: A rubik’s cube to assemble. J Immunother Precis Oncol
(2021) 4(4):185–8. doi: 10.36401/JIPO-21-7

18. Attili I, Tarantino P, Passaro A, Stati V, Curigliano G, de Marinis F.
Strategies to overcome resistance to immune checkpoint blockade in lung
cancer. Lung Cancer (2021) 154:151–60. doi: 10.1016/j.lungcan.2021.02.035

19. Desai A, Abdayem P, Adjei AA, Planchard D. Antibody-drug conjugates: A
promising novel therapeutic approach in lung cancer. Lung Cancer (2022) 163:96–
106. doi: 10.1016/j.lungcan.2021.12.002

20. Elshiaty M, Schindler H, Christopoulos P. Principles and current clinical
landscape of multispecific antibodies against cancer. Int J Mol Sci (2021) 22
(11):5632. doi: 10.3390/ijms22115632

21. Genova C, Dellepiane C, Carrega P, Sommariva S, Ferlazzo G, Pronzato P,
et al. Therapeutic implications of tumor microenvironment in lung cancer: Focus
on immune checkpoint blockade. Front Immunol (2022) 12:799455. doi: 10.3389/
fimmu.2021.799455
frontiersin.org

https://doi.org/10.1016/j.jtho.2020.03.006
https://doi.org/10.1056/NEJMoa1801005
https://doi.org/10.1056/NEJMoa1810865
https://doi.org/10.1016/S1470-2045(19)30167-6
https://doi.org/10.1016/S1470-2045(19)30167-6
https://doi.org/10.1056/NEJMoa1716948
https://doi.org/10.1056/NEJMoa1716948
https://doi.org/10.1056/NEJMoa1910231
https://doi.org/10.1056/NEJMoa1606774
https://doi.org/10.1056/NEJMoa1917346
https://doi.org/10.1016/S0140-6736(21)00228-2
https://doi.org/10.1016/S0140-6736(21)00228-2
https://doi.org/10.1016/S0140-6736(14)60845-X
https://doi.org/10.1016/S1470-2045(10)70132-7
https://doi.org/10.1016/S1470-2045(10)70132-7
https://doi.org/10.1056/NEJMoa1504627
https://doi.org/10.1016/S0140-6736(15)01281-7
https://doi.org/10.1056/NEJMoa1507643
https://doi.org/10.1016/S0140-6736(16)32517-X
https://doi.org/10.1016/S0140-6736(16)32517-X
https://doi.org/10.1016/j.ccell.2020.03.017
https://doi.org/10.36401/JIPO-21-7
https://doi.org/10.1016/j.lungcan.2021.02.035
https://doi.org/10.1016/j.lungcan.2021.12.002
https://doi.org/10.3390/ijms22115632
https://doi.org/10.3389/fimmu.2021.799455
https://doi.org/10.3389/fimmu.2021.799455
https://doi.org/10.3389/fonc.2022.997404
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Editorial: Beyond chemotherapy and immunotherapy in thoracic malignancies: Overcoming resistance by tackling new molecular pathways
	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


