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Standardisation is the pinnacle of analytical measurement
in laboratory medicine, facilitating comparability of patient
results over time. The important goal of achieving compa-
rability (via standardisation or harmonisation) for pathol-
ogy tests has become essential in the twenty first century as
we rapidly advance the electronic sharing of data from
electronic health records, cloud technology, and mobile
devices offered by multiple providers. The outcome is more
integrated and personalised healthcare, while the risk of
inaction is the clinical misinterpretation of results. There-
fore, initiatives to contribute to standardisation across a
broader set of clinical measurands to promote agreement
are important for laboratory medicine.

In this special issue of Clinical Chemistry and Laboratory
Medicine a collation of six methodology papers describing
developed candidate reference measurement procedures
(RMP)s (and also one opinion paper) are presented for
publication [1–7]. The papers reported in this issue are all
from Roche Diagnostics. We congratulate Roche on this
initiative to address the need for a greater number of Sys-
teme International (SI)-traceable RMPs for small molecules.
The papers present single analyte isotope dilution mass
spectrometry (ID-LC-MS/MS) methods for the quantification
of aldosterone, lamotrigine, gabapentin, methotrexate,
levetiracetam and topiramate, in human serum and plasma.
Often, from a workflow and green perspective, an ideal
situation would be to have multianalyte methods available
[8]. However, these methods are presumably designed for
use within Roche to allow the authors to claim traceability

to SI, in line with ISO 15193:2009, and as such they are fit for
their intended purpose [9].

A critical factor in achieving SI-traceability is the
availability of appropriate pure organic calibration mate-
rials with SI-traceable assigned purity values. The papers in
this special issue utilise the technique of quantitative
nuclear magnetic resonance (qNMR) spectroscopy to value
assign commercial pure materials in order to provide
SI-traceable calibrants for the traceability chains for each
measurand. It is pleasing to see the application of this
technique, as it can potentially provide SI-traceable values
when appropriately applied. In the technique of qNMR, the
internal standard is actually the calibrant and its SI trace-
ability is critical. The importance of the internal standard in
this role is not always explicitly acknowledged in the pub-
lications. qNMR can also produce biased purity value esti-
mates when each application of qNMR is not carefully
assessed. For the qNMR methods used to assign the cali-
brants in the candidate RMPs, a single resonance and set of
conditions is provided to support the measurement un-
certainties associated with the determined purity values.
The claimed uncertainty values are equivalent to world best
practice, which would typically require rigorous validation
of the qNMR approach. We refer the reader to recent liter-
ature on the application of qNMR in a metrological manner
that describes its best practice application [10–12].

The measurement uncertainties associated with RMPs
are important with respect to ensuring they are appropri-
ately assessed and fit for clinical purpose [13]. ISO 15193:2009
section 4.16 quotes “systematic assessment of factors influ-
encing the result” [9] and the rigour of this helps to define
a good RMP that will be robust and effective [14]. The aim
is to eliminate biases [9] and whilst it can be suggested that
the bias associatedwith ameasurement procedure can be nil
[3], in practice this is difficult to achieve and the sole
assessment of the bias associated with the reference mate-
rial (RM) may be insufficient. Additional components of the
RMP would typically be assessed to encompass all possible
bias factors. Such assessments of bias estimates should be
included (or corrected for) in uncertainty budgets.

The robustness of methods to minimise interference is
another important factor for methods to be truly assessed as
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RMPs. Assessment vs. orthogonal methods or via the
adjustment of aspects within the RMP can provide invalu-
able information on otherwise unseen affects. In the case of
the aldosterone measurement presented, the authors uti-
lised the technique of heart-cutting 2D-LC-MS/MS, which is
an excellent approach likely to minimise interferences [1].
The use of this technique is important to support the
robustness of the aldosterone method as there are isomeric
steroids (cortisone and prednisolone) that share a molar
mass of approximately 360.2 g/mol. Other approaches pre-
sented in the candidate RMPs to determine method robust-
ness included an assessment ofmethod performance against
matrix CRMs and associated RELA materials.

This issue also includes an opinion paper describing the
general establishment of metrological traceability for small
molecule measurands in laboratory medicine [6]. The
manuscript describes aspects of traceability and approaches
to standardisation and harmonisation. These concepts are
important and outlining them in conjunction with the
candidate reference measurement papers is useful. The
opinion paper discusses the role of National Metrology In-
stitutes (NMIs) ideally leading in providing relevant stan-
dards to establish traceability to SI and RMPs. However, due
to the number of measurands within the chemical field,
other parties also contribute to developments. In this case,
Roche has taken on the initiative of assigning SI-traceable
values to pure calibrators and developing associated RMPs
for their specific needs.

The importance of publishing these methods is to
demonstrate current approaches in working to achieve the
development of candidate RMPs that may be appropriate
for Joint Committee for Traceability in Laboratory Medi-
cine (JCTLM) submission.1 Each paper has undergone peer
review for publication, but this does not guarantee that the
manuscripts have met all of the requirements of ISO
15193:2009, which will be ascertained in the next step [9]; this
being the submission to the JCTLM for consideration of for-
malising these methods as RMPs [15]. To do this, the authors
will need to collate their method validation documents,

submit the published manuscript, and complete a checklist
against the requirements of ISO 15193:2009 for each submis-
sion. These papers will then undergo a subsequent indepen-
dent review process,which is important for transparency and
robustness of proposed RMPs. As wemove into cycle 20 of the
JCTLM review process in 2023, there are currently 285 RM,
217 RMP and 247 RMS listed in the database [15]. With the
acceptance of these candidate RMPs, the authors and
Roche will make a significant contribution to supporting
standardisation in laboratory medicine for the benefit of
patient care.

In conclusion, we congratulate the authors on preparing
these papers in order to progress them to JCTLM listed
RMPs. These RMPs will help with alignment for clinical
decisions related to these measurands and thus will also
assist with effective therapeutic interventions. This is an
important goal of the clinical community.

References

1. Taibon J, Santner T, Singh N, Ibrahim SC, Babitzki G, Köppl D, et al. An
isotope dilution-liquid chromatography-tandem mass spectrometry
(ID-LC-MS/MS)-based candidate reference measurement procedure
(RMP) for the quantification of aldosterone in human serum and
plasma. Clin Chem Lab Med 2023;61:1902–16.

2. Salzmann L, Spescha T, SinghN, Schierscher T, BachmannM, Bauland F,
et al. An isotope dilution-liquid chromatography-tandem mass
spectrometry (ID-LC-MS/MS)-based candidate referencemeasurement
procedure (RMP) for the quantification of lamotrigine in human serum
and plasma. Clin Chem Lab Med 2023;61:1930–41.

3. Salzmann L, Wild J, Singh N, Schierscher T, Liesch F, Bauland F, et al. An
isotope dilution-liquid chromatography-tandem mass spectrometry
(ID-LC-MS/MS)-based candidate reference measurement procedure
(RMP) for the quantification of gabapentin in human serum and
plasma. Clin Chem Lab Med 2023;61:1955–66.

4. Engel A, Ruhe L, Singh N,Wright JA, Liesch F, Bauland F, et al. An isotope
dilution-liquid chromatography-tandem mass spectrometry (ID-LC-
MS/MS)-based candidate referencemeasurement procedure (RMP) for
the quantification of methotrexate in human serum and plasma. Clin
Chem Lab Med 2023;61:1917–29.

5. Kobel A, Schierscher T, Singh N, Salzmann L, Liesch F, Bauland F, et al.
An isotope dilution-liquid chromatography-tandemmass spectrometry
(ID-LC-MS/MS)-based candidate reference measurement procedure
for the quantification of levetiracetam in human serum and plasma.
Clin Chem Lab Med 2023;61:1967–77.

6. Salzmann L, Spescha T, Singh N, Kobel A, Fischer V, Schierscher T, et al.
An isotope dilution–liquid chromatography–tandem mass
spectrometry (ID-LC-MS/MS)-based candidate referencemeasurement
procedure for the quantification of topiramate in human serum and
plasma. Clin Chem Lab Med 2023;61:1942–54.

7. Seger C, Kessler A, Taibon J. Establishing metrological traceability for
smallmoleculemeasurands in laboratorymedicine. Clin Chem LabMed
2023;61:1890–901.

8. Pena-Pereira F, Wojnowski W, Tobiszewski M. AGREE—analytical
GREEnness metric approach and software. Anal Chem 2020;92:
10076–82.

1 The JCTLM database was formed in 2002 as an initiative of the
International Bureau of Weights and Measures (BIPM), the Interna-
tional Federation of Clinical Chemistry and Laboratory Medicine
(IFCC), and the International Laboratory Accreditation Cooperation
(ILAC) to create a reference. When these services are applied
following the models described in ISO 17511:2020, ‘In vitro diagnostic
medical devices — Requirements for establishing metrological
traceability of values assigned to calibrators, trueness control mate-
rials and human samples’ they can be used to establish metrological
traceability and standardisation may be achieved.

1888 Greaves and Mackay: The development of RMP to establish metrological traceability



9. International Organization for Standardization (ISO), International
Standard. ISO 15193:2009. In vitro diagnostic medical devices –
measurement of quantities in samples of biological origin –

requirements for content and presentation of reference measurement
procedures. Geneva, Switzerland: International Organization for
Standardization; 2009.

10. Westwood S, Lippa K, Shimuzu Y, Lalerle B, Saito T, Duewer D, et al.
Methods for the SI-traceable value assignment of the purity of
organic compounds (IUPAC technical report). Pure Appl Chem 2023;95:
1–77.

11. Saito T, Yamazaki T, Numata M. Development of nuclear magnetic
resonance as a tool of quantitative analysis for organic materials.
Metrologia 2019;56:054002.

12. Lippa K, Duewer D, NelsonM, Davies S, Mackay L. The role of the CCQM
OAWG in providing SI traceable calibrators for organic chemical

measurements. Accred Qual Assur 2019. https://link.springer.com/
article/10.1007/s00769-019-01407-6 [Accessed Jun 7 2023].

13. International Organization for Standardization (ISO). JCGM 100:2008 –
evaluation of measurement data – guide to the expression of
uncertainty in measurement (ISO/IEC Guide 98-3). JCGM - Joint
Committee for Guides in Metrology 2008. https://www.iso.org/sites/
JCGM/GUM-introduction.htm [Accessed 31 May 2023].

14. Teo TL, Lippa KA, Mackay L, Yong S, Liu Q, Camara JE, et al. Enhancing
the accuracy of measurement of small molecule organic biomarkers.
Anal Bioanal Chem 2019;411:7341–55.

15. Joint Committee for Traceability in Laboratory Medicine (JCTLM).
Database of higher-order referencematerials, measurementmethods/
procedures and services. Sevres Cedex, France: International Bureau of
Weights and Measures (BIPM). https://www.jctlmdb.org/#/app/home
[Accessed 31 May 2023].

Greaves and Mackay: The development of RMP to establish metrological traceability 1889

https://link.springer.com/article/10.1007/s00769-019-01407-6
https://link.springer.com/article/10.1007/s00769-019-01407-6
https://www.iso.org/sites/JCGM/GUM-introduction.htm
https://www.iso.org/sites/JCGM/GUM-introduction.htm
https://www.jctlmdb.org/#/app/home

	The development of reference measurement procedures to establish metrological traceability
	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


