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Editorial on the Research Topic
Bone metastases and secondary osteoporosis

Bone metastasis (BM) is one of the most common complications of malignancies, and
axial bone is reported as the most frequent location of metastasis (1). Bone is a dynamic
tissue, and bone remodeling is crucial not only to replace primary with secondary bones,
but also to repair skeleton microdamage and ensure normal calcium homeostasis (2).
Osteoporosis is characterized by deterioration of bone density and architecture, along with
increased fracture risk, which is correlated with the imbalanced activation of bone
formation and bone resorption that closely related to the biological activities of
osteoblasts and osteoclasts (3). On the other hand, both osteoporosis and periodontitis, a
periodontal disease that represents a chronic inflammation of the periodontal tissue and
alveolar bone, are inflammation-driven, age-related bone disorders, and recent studies have
provided compelling evidence to support the correlation between systemic and alveolar
bone loss. The mechanistic links, shared risk factors, and therapeutic implications have
been investigated in both diseases, and age-related oxidative stress and senescence are
considered underlying mechanisms that cause the uncoupling of bone remodeling
process (4).

Skeletal-related events (SREs) usually refer to major complications of tumor bone
disease such as pathological fracture, spinal cord compression, hypercalcemia, the need for
radiotherapy and/or surgery, and the like (5). Since osteoblasts and osteoclasts play
important roles in bone remodeling, which is highly similar to the inflammatory
process, the interactions between osteoblasts, osteoclasts, malignant cells and immune
cells are considered crucial for bone metastasis (6). Secondary osteoporosis refers to
osteoporosis caused by diseases, drug treatment, or other reasons. The main clinical
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symptoms include osteopenia, bone microstructure changes,
increased bone fragility and easy fracture (7). Bone mineral
density (BMD) has been recognized as the gold standard for
diagnosis of osteoporosis. In addition, trabecular bone score
(TBS), or TBS in combination with BMD, have also been shown
clinically effective for osteoporosis and fracture management (8).
Previous studies have suggested that bone metastasis is an
important factor causing secondary osteoporosis, which is
associated with decreased quality of life and increased medical
costs, adding great medical burdens to both patients and our
society. The treatment strategies of secondary osteoporosis caused
by various malignancies are dissimilar, but most of them involve the
application of intravenous or oral bisphosphonates, and denosumab
(9, 10).

Breast cancer (BC) is one of the most diagnosed female cancers,
and bone metastases usually occurred in breast cancer patients.
Whether palliative radiotherapy could improve the prognosis of
metastatic patients remains unclear. Li et al. collected 488
metastatic breast cancer patients with human epidermal growth
factor receptor 2 (HER2) positive diagnosis and anti-HER2 targeted
therapy, to explore the clinical efficacy of palliative local radiotherapy
in these patients. This observational study demonstrated that patients
in the radiotherapy group got better overall survival (OS) than those
in the non-radiotherapy group, and propensity score matching
(PSM) analysis also confirmed the prognostic superiority in 135
pairs of baseline-matched cases. On the other hand, the authors also
identified another two predictive factors, brain and liver metastasis,
associated with OS in HER2 positive breast cancer patients using
multivariate Cox regression models. Their research indicated that
local radiotherapy was associated with longer survival time in patients
who were diagnosed with HER2+ metastatic breast cancer and
treated with anti-HER?2 therapy.

Despite being the mainstay of hormonal therapy (HT) in post-
menopausal breast cancers, aromatase inhibitors (Als) which block
the hormone-mediated growth signals are considered detrimental to
bone health, inducing cancer treatment-induced bone loss (CTIBL)
and leading to secondary osteoporosis. Another observational clinical
study conducted by Galvano et al. retrospectively identified fifty
early-stage BC patients with osteopenia and estrogen and/or
progesterone receptor-positive (ER+ and/or PR+) diagnoses. Those
cases were treated with Als to prevent progression and metastasis,
and bone modifying agents (BMAs) including denosumab or
alendronate to prevent secondary osteoporosis. The authors
demonstrated that the application of BMAs such as alendronate
could significantly improve the BMD then preventing secondary
osteoporosis at the lumbar spine levels, and impact pain control,
recommending alendronate as an option in these frail BC settings.

Innovative tools were also included in our Research Topic. The
necessity of post-mastectomy radiotherapy (PMRT) for patients with
T,,N;M, breast cancer remains controversial. Jin et al. trained and
developed two machine learning survival models using a training
dataset including 35,347 patients with HR+/HER2- early-stage breast
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cancer who had received mastectomy. Based on their deep learning
neural network model, the authors identified key factors relating to
patients’ overall survival, including age, tumor size, positive regional
nodes, and so forth. Meanwhile, the results also suggested that
patients with tumor size over 14 mm and age older than 54 and
the cohort with tumor size over 14 mm and grade worse than well-
differentiated could benefit from the PMRT. The authors also
developed a Cloud-based recommender system for PMRT and
deployed it on the Internet (https://github.com/snowflake-Zhao/
BRCA-I-PMRT), serving as a valuable tool when finding the most
suitable adjuvant therapeutic strategy for BC patients.

Whether primary tumor resection (PTR) should be
recommended for BC patients with synchronous BM remains
unclear. In Tong’s study, 5,625 BC patients with BM were
identified using the Surveillance, Epidemiology, and End Results
(SEER) database, and were used to establish a visualized model for
identifying optimal candidates for aggressive locoregional surgical
treatment. Kaplan-Meier (K-M) survival and Cox regression analyses
revealed that local surgery provided better survival in most subgroups
and metastatic patterns. Surgery-benefit-related factors, including T
stage, radiotherapy, race, liver metastasis, brain metastasis, and breast
subtype, were identified by Logistic regression models and combined
to establish the nomogram and an online tool for identifying
optimal surgical candidates (probability calculator, https://
sunshinel.shinyapps.io/DynNomapp/), confirming the prognostic
significance of aggressive locoregional surgery in BC patients
with BM.

In this Research Topic, we provided a forum for discussion on the
relationship between bone metastasis and secondary osteoporosis.
While collecting, we emphasized more on original research, and
reviewed and collected excellent original works, which have advanced
current knowledge both clinically and laboratorially. Understanding
the association between these diseases and their interplay calls for
more well-controlled studies to explore their mechanistic links,
interdisciplinary management, and potential therapeutics.

Author contributions

QH: Data curation, Formal analysis, Funding acquisition,
Investigation, Supervision, Writing - original draft. SW: Data
curation, Formal analysis, Investigation, Supervision, Writing -
original draft. LG: Data curation, Formal analysis, Methodology,
Writing - review & editing. YS: Data curation, Formal analysis,
Methodology, Writing - review & editing. RG: Conceptualization,
Methodology, Supervision, Writing - review & editing. QZ:
Funding acquisition, Methodology, Supervision, Writing — review
& editing. LL: Project administration, Resources, Supervision,
Writing - review & editing. LZ: Project administration,
Resources, Supervision, Writing - review & editing. TL:
Methodology, Project administration, Resources, Supervision,
Writing - review & editing.

frontiersin.org


https://doi.org/10.3389/fendo.2023.1305429
https://doi.org/10.3389/fendo.2023.1297950
https://doi.org/10.3389/fendo.2024.1326009
https://github.com/snowflake-Zhao/BRCA-I-PMRT
https://github.com/snowflake-Zhao/BRCA-I-PMRT
https://doi.org/10.3389/fendo.2023.1266679
https://sunshine1.shinyapps.io/DynNomapp/
https://sunshine1.shinyapps.io/DynNomapp/
https://doi.org/10.3389/fendo.2024.1429246
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Huo et al.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the Science and Technology Development Project
in Medicine and Health of Shandong Province (No. 2019WS306)
and the Natural Science Foundation of Shandong Province (No.
ZR2021MC126). The funders, Health Commission of Shandong
Province and Department of Science & Technology of Shandong
Province, had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript. The
employers, Nanjing Jiangbei Hospital and Zibo Central Hospital,
had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

References

1. Cole JS, Patchell RA. Metastatic epidural spinal cord compression. Lancet Neurol.
(2008) 7:459-66. doi: 10.1016/S1474-4422(08)70089-9

2. Fischer V, Haffner-Luntzer M. Interaction between bone and immune cells:
Implications for postmenopausal osteoporosis. Semin Cell Dev Biol. (2022) 123:14-
21. doi: 10.1016/j.semcdb.2021.05.014

3. Kenkre JS, Bassett J. The bone remodelling cycle. Ann Clin Biochem. (2018)
55:308-27. doi: 10.1177/0004563218759371

4. Yu B, Wang CY. Osteoporosis and periodontal diseases - An update on their association
and mechanistic links. Periodontol 2000. (2022) 89:99-113. doi: 10.1111/prd.12422

5. Wilkinson AN, Viola R, Brundage MD. Managing skeletal related events resulting
from bone metastases. BM]J. (2008) 337:a2041. doi: 10.1136/bmj.a2041

6. Gartrell BA, Saad F. Managing bone metastases and reducing skeletal related events
in prostate cancer. Nat Rev Clin Oncol. (2014) 11:335-45. doi: 10.1038/nrclinonc.2014.70

Frontiers in Endocrinology

03

10.3389/fendo.2024.1429246

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.

7. Stein E, Shane E. Secondary osteoporosis. Endocrinol Metab Clin North Am.
(2003) 32:115-34, vii. doi: 10.1016/S0889-8529(02)00062-2

8. Samad N, Nguyen HH, Hashimura H, Pasco J, Kotowicz M, Strauss BJ, et al.
Abnormal trabecular bone score, lower bone mineral density and lean mass in young
women with premature ovarian insufficiency are prevented by oestrogen
replacement. Front Endocrinol (Lausanne). (2022) 13:860853. doi: 10.3389/
fendo.2022.860853

9. Coleman RE, Lipton A, Roodman GD, Guise TA, Boyce BF, Brufsky AM, et al.
Metastasis and bone loss: advancing treatment and prevention. Cancer Treat Rev.
(2010) 36:615-20. doi: 10.1016/j.ctrv.2010.04.003

10. Bellavia D, Salamanna F, Raimondi L, De Luca A, Carina V, Costa V, et al.
Deregulated miRNAs in osteoporosis: effects in bone metastasis. Cell Mol Life Sci.
(2019) 76:3723-44. doi: 10.1007/s00018-019-03162-w

frontiersin.org


https://doi.org/10.1016/S1474-4422(08)70089-9
https://doi.org/10.1016/j.semcdb.2021.05.014
https://doi.org/10.1177/0004563218759371
https://doi.org/10.1111/prd.12422
https://doi.org/10.1136/bmj.a2041
https://doi.org/10.1038/nrclinonc.2014.70
https://doi.org/10.1016/S0889-8529(02)00062-2
https://doi.org/10.3389/fendo.2022.860853
https://doi.org/10.3389/fendo.2022.860853
https://doi.org/10.1016/j.ctrv.2010.04.003
https://doi.org/10.1007/s00018-019-03162-w
https://doi.org/10.3389/fendo.2024.1429246
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Editorial: Bone metastases and secondary osteoporosis
	Author contributions
	Funding
	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


