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In recent years, nephrologists have dreamed of a time
when they could measure fibroblast growth factor 23
(FGF23) levels in their patients with chronic kidney disease
(CKD). Indeed, in addition to the usual enthusiasm that
accompanies many new discoveries, the initial results on
FGF23 were so impressive that they quickly led to the idea
that this biomarker could play a relevant role in clinical
practice.

Belonging to the subfamily of endocrine fibroblast
growth factors, FGF23 is physiologically secreted from the
bone to induce negative phosphate balance. In fact, it acts
on the kidney, promoting phosphate excretion and inhib-
iting vitamin D activation, on the parathyroid glands,
suppressing the secretion of parathyroid hormone (PTH),
and on the digestive tract, reducing phosphate absorp-
tion. In CKD, FGF23 levels increase as a compensatory
mechanism to maintain phosphate homeostasis. As dis-
ease progresses, this compensatory mechanism becomes
maladaptive and leads to an impending progressive
derangement in mineral homeostasis, and to the devel-
opment of CKD Mineral and Bone Disorder (CKD-MBD) [1,
2]. In addition to phosphate balance, FGF23 may be
directly involved in iron metabolism and erythropoiesis,
inflammation, insulin resistance, proteinuria, acute kid-
ney injury and left ventricular hypertrophy [3, 4].

In following patients with CKD, nephrologists usually
monitor the trajectories of calcium, phosphate, vitamin D
and PTH, trying to keep them balanced and reduce the risk
of bone and cardiovascular (CV) diseases [5]. However, there

are several reasons why they would like to be able
tomonitor FGF23 as well. First, increased FGF23 levelsmay
be one of the earliest detectable biomarkers of CKD-MBD,
preceding the development of hyperparathyroidism and
hyperphosphatemia [6]. Moreover, many observational
studies have suggested that elevated FGF23 in patients
with CKD is strongly associated with worsening renal
function, higher risk of death and increased incidence
of cardiovascular disease [7–9]. In sight of these data,
monitoring FGF23 in CKD patients could help nephrologists
to identify those who need closer follow-up, or stronger
prevention measures. Moreover, we could imagine that
directly targeting FGF23 levels could improve survival and
reduce morbidity in CKD patients, although a prospective
and properly designed trial is needed to test this hypothesis.

However, we are aware that promising findings on
clinical outcomes are not sufficient tomake the clinical use
of a new biomarker meaningful. In fact, other factors must
be taken into account, such as analytical validity, clinical
validity and clinical utility [10, 11], summarized in Table 1.
Considering all these elements, is it still possible to hope
that FGF23 will soon be used in our nephrology centers?

In this issue of the Journal, an interesting review by
Ferraro et al. helps us taking stock of the situation. Through
the evaluation of 52 original papers published from 1965 to
May 2022, the authors present what it is known on
analytical validity and clinical utility of FGF23 determina-
tion in CKD [12]. In the first part, they examine several
analytical issues concerning this biomarker. Although
clinicians might be disheartened by such a technical topic,
this knowledge is necessary for a critical reading of previ-
ous epidemiological studies on FGF23. In fact, some
analytical factors may be responsible for their disagreeing
results, such as a great heterogeneity among assay design
and epitope recognition, the lack of a reference material
and harmonized assays, and some pre-analytical stability
issues. Then, the authors focus on the role of FGF23 as a CV
marker in CKD. They address that FGF23 concentrations
display a wide diversity between different CKD stages
and also within the same stage (e.g. dialysis patients),
in contrast to other established CV biomarkers, of which
high levels are associatedwith adverse outcomes across all
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CKD stages. Therefore, they suggest that future research
should focus on providing different FGF23 threshold for
risk classification based on kidney function. Some factors
that may explain the high intra- and inter-variability of
FGF23 in hemodialysis patients are discussed in the third
section of the manuscript. Here, the authors underlie the
importance of establishing the best time for sample
collection, as overhydration and dialysis session may
influence the results. Moreover, researchers should
account for differences in half-life and the biological vari-
ability between iFGF23 and cFGF23, especially when used
as a measure of treatment effect. Finally, data on FGF23 in
children with CKD are presented and the authors speculate
that its value as a CV risk factor could be even greater in
children and adolescence than in adults, due to the lack of
pre-existing CV disease and of other traditional risk factors.

Although reading this review most nephrologists may
feel disappointed and discouraged by all the described
issues, they will eventually find a message of hope in the
concluding remarks. Obstacles met along the way should
not intimidate researchers, but rather encourage them. In
fact, as the authors suggested, all the aforementioned
issues must be acknowledged to design appropriate future
trials, and clinical researchers should pay more attention
in pre-analytical sampling conditions, analytical methods,
and statistical analysis including adequate sample size
estimation given the wide dispersion of FGF23.

Certainly, more robust evidence is needed for clinical
validation of FGF23 in CKD, and there are many questions
that have yet to be answered with future research. How-
ever, we agree with Ferraro et al. on two important points.
First, the evolution of analytical techniques for FGF23
determination has contributed to reveal its pathophysio-
logical role and may lead to novel therapeutic approaches.
Second, few biomarkers have shown such a strong linkage
with hard clinical end points. Therefore, even if it is not yet
the time for nephrologists to have FGF23 among the tests
available for their CKD patients, we can still believe that
this moment will come in the near future.
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Cost-effectiveness
Opportunity costs
Insurability
Family factors
Acceptability
Equity/fairness

Adapted from making meaningful clinical use of biomarkers [].

1692 Magagnoli et al.: FGF23 in medicine



2. Cozzolino M, Galassi A, Apetrii M, Covic A. What would we like to
know, andwhat dowenot knowaboutfibroblast growth factor 23.
J Nephrol 2011;24:696–706.

3. Kanbay M, Vervloet M, Cozzolino M, Siriopol D, Covic A,
Goldsmith D, et al. Novel faces of fibroblast growth factor 23
(FGF23): iron deficiency, inflammation, insulin resistance, left
ventricular hypertrophy, proteinuria and acute kidney injury.
Calcif Tissue Int 2017;100:217–28.

4. Cianciolo G, Galassi A, Capelli I, Schillaci R, La Manna G,
Cozzolino M. Klotho-FGF23, cardiovascular disease, and vascular
calcification: black or white? Curr Vasc Pharmacol 2018;16:
143–56.

5. Wheeler DC, Winkelmayer WC. KDIGO 2017 clinical
practice guideline update for the diagnosis, evaluation,
prevention, and treatment of chronic kidney disease-mineral
and bone disorder (CKD-MBD) foreword. Kidney Int Suppl 2017;
7:1–59.

6. Isakova T, Cai X, Lee J, Mehta R, Zhang X, Yang W, et al.
Longitudinal evolution of markers of mineral metabolism in
patients with CKD: the chronic renal insufficiency cohort (CRIC)
study. Am J Kidney Dis 2020;75:235–44.

7. Isakova T, Xie H, Yang W, Xie D, Anderson AH, Scialla J, et al.
Fibroblast growth factor 23 and risks of mortality and end-stage
renal disease in patients with chronic kidney disease. JAMA 2011;
305:2432–9.

8. Gutiérrez OM, Mannstadt M, Isakova T, Rauh-Hain JA, Tamez H,
Shah A, et al. Fibroblast growth factor 23 and mortality among
patients undergoing hemodialysis. NEJM 2008;359:584–92.

9. Scialla JJ, Xie H, Rahman M, Anderson AH, Isakova T, Ojo A, et al.
Fibroblast growth factor-23 and cardiovascular events in CKD.
J Am Soc Nephrol 2014;25:349–60.

10. Selleck MJ, Senthil M, Wall NR. Making meaningful clinical use of
biomarkers. Biomark Insights 2017;12:1177271917715236.

11. Teutsch SM, Bradley LA, Palomaki GE, Haddow JE, Piper M,
Calonge N, et al. The evaluation of genomic applications in
practice and prevention (EGAPP) initiative: methods of the EGAPP
working group. Genet Med 2009;11:3–14.

12. Ferraro S, Biganzoli G, Calcaterra V, Zuccotti G, Biganzoli EM,
Plebani M. Fibroblast growth factor 23: translating
analytical improvement into clinical effectiveness for tertiary
prevention in chronic kidney disease. Clin Chem Lab Med 2022;
60:1694–1705.

Magagnoli et al.: FGF23 in medicine 1693


	Measuring FGF23 in clinical practice: dream or reality?
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /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
    >>
    <<
      /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


