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ABSTRACT

Introduction Commercial assays measuring antibodies
to citrullinated protein/peptide (ACPA) show poor
quantitative agreement. The diagnostic industry has
never adopted the International Union of Immunological
Societies-Centers for Disease Control and Prevention
(IUIS-CDC) ACPA reference standard. Recently, the
National Institute for Biological Standards and Control
(NIBSC) prepared a new candidate ACPA standard
(18/204). We evaluated both reference materials using
different commercially available ACPA assays.
Materials and methods This is an international
study in which the NIBSC candidate ACPA standard and
the IUIS-CDC ACPA reference material were analysed
together with 398 diagnostic samples from individuals
with rheumatoid arthritis (RA) and in 1073 individuals
who did not have RA using nine commercial ACPA
assays.

Results For both reference materials and samples from
individuals with RA and individuals who did not have
RA, there were large differences in quantitative ACPA
results between assays. For most assays, values for the
IUIS-CDC standard were lower than values for NIBSC
18/204 and the 1UIS-CDC/NIBSC ratio was comparable
for several, but not all assays. When NIBSC 18/204 was
used as a calibrator, an improvement in alignment of
ACPA results across several of the evaluated assays was
obtained. Moreover, NIBSC 18/204 could align clinical
interpretation for some but not all assays.

Conclusion Adoption of an international standard for
ACPA determination is highly desirable. The candidate
NIBSC 18/204 standard improved the standardisation
and alignment of most ACPA assays and might therefore
be recommended to be used as reference in commercial
assays.

INTRODUCTION

Antibodies to citrullinated protein/peptide (ACPA)
are established biomarkers for diagnosis and clas-
sification of rheumatoid arthritis (RA)."! Measure-
ment of ACPA is widely used and several manual
and (semi-)automated assays are commercially
available. However, there is poor agreement among
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WHAT IS ALREADY KNOWN ABOUT THE
SUBJECT?

= Results obtained with commercial antibodies
to citrullinated protein/peptide (ACPA) assays
show poor quantitative agreement.

= Adoption of an international standard for ACPA
by the diagnostic industry is highly desirable.

WHAT DOES THIS STUDY ADD?

= The candidate National Institute for Biological
Standards and Control 18/204 standard
improved alignment of most, but not all ACPA
assays.

HOW MIGHT THIS IMPACT ON CLINICAL
PRACTICE?

= Alignment of ACPA assays would be particularly
important in the context of the American
College of Rheumatology/European Alliance
of Associations for Rheumatology 2010
rheumatoid arthritis (RA) classification criteria,
where ACPA concentration has a high impact
on rRA classification.

the currently available ACPA assays, which may
have an impact on RA classification of a patient.?*
An international ACPA reference preparation
derived from a single patient donor has been
prepared by the International Union for Immu-
nological Societies (IUIS) and Centers for Disease
Control and Prevention (CDC) and is avail-
able through the Autoantibody Standardisation
Committee (www.AutoAb.org).” A preliminary
evaluation of this preparation using 12 ACPA
ELISAs and samples from 20 patients with RA and
50 healthy subjects concluded that it could be used
as a reference standard.” However, this preparation
has not been adopted by the in vitro diagnostic kit
manufacturers as a reference standard for estab-
lishing calibration curves in the commercial assays.
Due to the role of ACPA quantification in classifi-
cation, diagnosis,®” risk stratification and prognosis
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Quantification of candidate NIBSC 18/204 ACPA reference material (A) and IUIS-CDC ACPA reference material (B). The reference materials

were reconstituted according to the guidelines, aliquoted, stored frozen (—20°C) on analysis and tested in 19 different runs with every ACPA assay.
(A, B) Box-whisker plots of the results obtained. Boxes represent median and IQR, whiskers represent lowest and highest measurement excluding
‘outside’ values (ie, larger than the upper quartile plus 1.5 times the IQR; highlighted in red). The manufacturer’s cut-offs are marked as red bars. The
y-axis represents the manufacturer-specific units. (C) Box-whisker plots of the CDC ACPA reference material recalculated taken the reactivity of the
candidate NIBSC 18/204 ACPA standard arbitrarily as 100 units. ACPA, antibodies to citrullinated protein/peptide; CDC, Centers for Disease Control
and Prevention; IUIS, International Union of Immunological Societies; NIBSC, National Institute for Biological Standards and Control.

of individuals with RA,*° the International Working Group on
the Harmonisation of Autoantibody tests of the International
Federations of Clinical Chemistry and Laboratory Medicine
listed ACPA as one of the antibodies for which the produc-
tion of a commutable reference material is urged.'® Moreover,
traceability to a higher-order reference material (if available) is
mandatory according to the In-Vitro Diagnostic Medical Devices
Regulation (EU) 2017/746 (IVDR)."!

Therefore, the National Institute for Biological Standards and
Control (NIBSC) recently prepared a candidate ACPA standard
named 18/204 which has been evaluated in a large international
collaborative study; the results and conclusions of which will
be presented to the WHO in Autumn 2022 as official candi-
date for the first WHO international ACPA standard (personal
communication). The material consists of a serum pool of five
individuals with RA and will be made available by NIBSC in due
course. A reference material derived from a pool of 5 sera should
more closely mimic the polyclonal response than a single donor-
derived reference serum.

Here, independently of the NIBSC international study
described above, we evaluated NIBSC 18/204 together with the
IUIS-CDC ACPA reference material using different commercially
available ACPA assays and sera from individuals with RA and

individuals who did not have RA (either suffering from another
(rheumatic) disease or healthy).

MATERIALS AND METHODS

ACPA assays from nine different manufacturers (Thermo Fisher
Scientific, Uppsala, Sweden; Roche Diagnostics, Mannheim,
Germany; Svar Life Science, Malmo, Sweden; Immunodiag-
nostic Systems (IDS), Tyne and Wear, UK; Orgentec, Mainz,
Germany; Abbott, Wiesbaden, Germany; Euroimmun, Liibeck,
Germany; BioRad Laboratories, Hercules, California, USA; and
Siemens Healthineers, Sudbury, UK) encompassing different
technological platforms (ELISA, fluoroenzyme immunoassay,
chemiluminescence assay and addressable laser bead assay) were
included in the study. Details on the different assays are given in
online supplemental table 1. The antigens used in all assays are
cyclic citrullinated synthetic peptides (second generation) except
for the Orgentec assay which uses cyclic citrullinated vimentin
peptides.

The TUIS-CDC ACPA reference material was obtained from
Plasma Services Group (Moorestown, New Jersey, USA).*’ The
NIBSC 18/204 candidate standard was provided by NIBSC
(see online supplemental data ‘Description of NIBSC 18/204’
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Figure 2 Correlations of individual values of ACPA measured by nine different immunoassays. The immunoassays included were from Thermo Fisher
(TF, 1), Roche (R, 2) Svar life science (SV, 3), IDS (I, 4), Orgentec (O, 5), Abbott (A, 6), Euroimmun (E, 7), BioRad (B, 8) and Siemens (S, 9). The samples
were from patients with RA (n=398) and (disease) controls (n=1073) obtained in 11 European hospitals. The NIBSC 18/204 candidate ACPA reference
preparation and dilutions thereof (0/4-1/4-2/4-3/4-4/4) are represented by triangles. Spearman’s rank correlation coefficients (rs) are shown in the
insert on the graph. Detailed statistical data on Spearman’s correlation and Bland-Altman are given in online supplemental table 5. ACPA, antibodies
to citrullinated protein/peptide; IDS, immunodiagnostic systems; NIBSC, National Institute for Biological Standards and Control.

for details on the preparation and properties of the material).
NIBSC 18/204 is intended as reference material for IgG ACPA
antibodies, not for IgA ACPA antibodies (NIBSC, personal
communication). Both materials were reconstituted according
to the guidelines of the provider and aliquoted. Both reference
materials were measured in 19 different runs.

Imprecision of all ACPA assays was determined using (1)
manufacturer’s internal quality control (iIQC) materials and
(2) patient serum samples with a low, medium and high ACPA
concentration.'” All iQC samples were measured before and
after every run during 19 runs.

Linearity was assessed by diluting the TUIS-CDC ACPA and
NIBSC 18/204 standards with increasing amounts of phos-
phate buffered saline. Every dilution was analysed three times
in different runs."?

Serum samples from 398 individuals with RA and 1073 indi-
viduals who did not have RA were included. Serum samples
were obtained from 11 European hospitals: Division of Rheu-
matology, Medical University of Vienna (Austria), University
Hospital of Leuven (Belgium), University Hospital of Ghent
(Belgium), OLV Hospital of Aalst (Belgium), National Institute
of Rheumatology and Physiotherapy of Budapest (Hungary),
Centre Hospitalier de Luxembourg (Luxembourg), University
Medical Centre of Ljubljana (Slovenia), Sahlgrenska Academy

Hospital of Gothenburg (Sweden), University Hospital of
Linkoping (Sweden), University Hospital of Basel (Switzerland),
and Kantonsspital of Aarau (Switzerland).

The RA cohort (n=398) consisted of consecutive individuals
with newly diagnosed RA. The individuals who did not have
RA (n=1073) consisted of (1) a rheumatological disease control
group (n=656) (ie, consecutive individuals consulting a rheuma-
tology clinic for the first time but in whom RA was eventually
excluded); (2) specific disease control cohorts (ie, individuals
with established diagnoses of antineutrophil cytoplasmic anti-
body associated vasculitis with arthritis (n=24), osteoarthritis
(n=25), psoriatic arthritis (n=25), reactive arthritis (n=20),
spondyloarthritis (n=25), systemic lupus erythematosus (n=50)
and primary Sjogren’s syndrome (n=48)) and (3) and healthy
individuals (n=200). Sample collection complied with the Word
Medical Association Declaration of Helsinki (as revised in 2013).
A detailed description of the study groups is provided in'* and
in online supplemental table 2 (individuals with RA) and online
supplemental table 3 (individuals with no RA). The diagnostic
performance of the ACPA assays included in this study based on
the samples from individuals with RA and who did not have RA
was published previously."* In short, when the manufacturer’s
cut-off was used, the sensitivity ranged from 57.8% to 64.6%
and the specificity from 94.9% to 97.8%. When three times
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Figure 3 ROC curve analysis and likelihood ratios for NIBSC 18/204. Left hand pane: ROC for nine different ACPA assays with indication of the
sensitivity and “1-specificity’ of the result associated with a 1:4 dilution of NIBSC 18/204 (red filled circle surrounded by black line). Right handpanel:
likelihood ratio of a test result interval with as centre the result of the candidate NIBSC standard. The interval was chosen such that the number

of data points with results higher than the result of NIBSC 18/204 equaled the number of data points with results that were lower than the NIBSC
18/204. The intervals were as follows: thermo Fisher: 9—148 U/mL, Roche: 134-387 U/mL, Svar: 28.6-200 U/mL, IDS: 7.9—-677 AU/mL, Orgentec:
3.2-16.3 U/mL, Abbott: 7.3-65.1 U/mL, Euroimmun: 9.7-59.9 U/mL, Siemens: 5.3—-69.9 RU/mL.For BioRad, no likelihood ratio was calculated as
many results had values exceeding the upper limit. ACPA, antibodies to citrullinated protein/peptide; CCP, cyclic citrullinated synthetic peptides; IDS,
immunodiagnostic systems; NIBSC, National Institute for Biological Standards and Control; ROC, receiver operating characteristics.

the upper limit of normal was used as threshold, the sensitivity
ranged from 50.8% to 60.1% and the specificity from 98.0% to
98.5%."

ROC curves were generated with Analyse-it for Microsoft
Excel.

RESULTS

Data on imprecision using patient serum samples with a low,
intermediate and high ACPA concentration are given in online
supplemental table 4A. Imprecision data obtained with the two
reference materials are given in online supplemental table 4B.
The highest imprecision was found for ELISAs. Except for the
assay from Roche, the CUSUM test for linearity did not reveal
significant deviation from linearity (online supplemental figure
1 legend, online supplemental figure 1).

The candidate NIBSC 18/204 ACPA standard and the
TUIS-CDC ACPA reference material were measured in 19
different runs. For both reference materials, there were (large)
differences in quantitative ACPA results between assays (online
supplemental table 4B, figure 1A). With BioRad, values exceeded
the measuring range for both reference materials. All assays
scored both reference materials as ‘strongly positive’ according to
the 2010 American College of Rheumatology (ACR)/European
Alliance of Associations for Rheumatology (EULAR) criteria.'

For NIBSC 18/204, results obtained with assays from IDS,
Abbott and Euroimmun were similar with a median value of
103.7 AU/mL, 110.7U/mL and 100.6 RU/mL, respectively.
Somewhat higher values were obtained with the Siemens (median
130.1U/mL) and Thermo Fisher (median 206.0U/mL) assays.
The highest values were obtained with the Roche (355.9 U/mL)

and Svar Life Science (468.8 U/mL) assays. The lowest results
were obtained with the Orgentec assay (40.6 U/mL).

For IUIS-CDC, a comparable spread of results across the
different assays similar to that of NIBSC 18/204 was found,
except for Orgentec which, in contrast, did not give the lowest
result for TUIS-CDC (figure 1B). Results obtained with assays
from Thermo Fisher, Abbott, Siemens, Euroimmun, and IDS
amounted to 70.7%, 69.0%, 69.7%, 78.8% and 79%, respec-
tively, of those obtained for NIBSC 18/204. Results obtained with
assays from Roche, Svar Life Science and Orgentec amounted
to 97.0%, 51.5% and 492.8%, respectively, of those obtained
for NIBSC 18/204. Thus, for most assays, values for IUIS-CDC
were lower than those for NIBSC 18/204 and the ratio of
IUIS-CDC/NIBSC was comparable for several, but not all assays.
In summary, when NIBSC 18/204 was used as a calibrator, an
improvement in the alignment of ACPA results across several of
the evaluated assays was obtained (figure 1C). Indeed, signifi-
cant agreement was found for (1) Siemens, Thermo Fisher and
Abbott, (2) Siemens, IDS and Abbott, (3) Euroimmun and IDS
(p>0.2, Mann-Whitney U test), but not for Roche, Orgentec and
Svar Life Science (p<0.004 for comparison to all other assays).

Figure 2 shows the correlation between different ACPA assays.
Full details are shown in online supplemental table5. Results
obtained with different dilutions of NIBSC 18/204 are also
shown. The best correlations (Spearman’s r 0.823-0.839) were
found between IDS and Abbott, IDS and Siemens and Abbott and
Siemens. There was a large dispersion of the results for compar-
isons with assays from Orgentec, Roche and BioRad. There was
good commutability of NIBSC 18/204 with patient samples
across Siemens, Thermo Fisher, Abbott, Euroimmun, IDS (and
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Svar Life Science). There was lower commutability for BioRad,
Roche and Orgentec. It should be noted that a substantial frac-
tion of patients with RA (range 23.1% (Svar Life Science) —
53.0% (Orgentec); mean 35.8%) and controls (range 0.1% (Svar
Life Science) — 1.8% (Orgentec); mean 0.6%) had ACPA values
that exceeded the NIBSC 18/204 ACPA level. For comparison,
the fraction of patients with RA and controls that had ACPA
values that exceeded the measuring range was 8.3% (Svar Life
Science) — 34.5% (BioRad) and 0.0% (Svar Life Science) — 0.7%
(Roche and BioRad), respectively.

In order to explore whether the candidate NIBSC standard
can be employed to align clinical interpretation we located
the sensitivity and ‘1 — specificity’ associated with a 1:4 dilu-
tion of NIBSC 18/204 on the Receiver Operating Charac-
teristics (ROC) curves (generated with 398 individuals with
RA and 1073 individuals with no RA) (figure 3). Strikingly,
for five assays (Thermo Fisher, Svar Life Science, IDS, Euro-
immune and Siemens) the sensitivity / ‘1-specificity’ points
almost coincided on the ROC curves. For the Abbott assay,
the location of the sensitivity/‘1-specificity’ point was close
to those of the 5 above-mentioned assays, whereas for the
Roche, BioRad and Orgentec assays, the location was sepa-
rate. This separate location relates to the non-commutability
and/or non-linearity of NIBSC 18/204 with assays from
Roche, Orgentec and BioRad (see above).

A similar location on the ROC curve suggests that the likeli-
hood ratios associated with that particular test result are compa-
rable. Next, we determined the likelihood ratio associated with
a test result interval with as centre the result obtained with a 1:4
dilution of NIBSC 18/204. For Thermo Fisher, Svar Life Science,
IDS, Euroimmune and Siemens, the likelihood ratio associated
with such result interval was ~10. By contrast, it was 19, 27 and
0.61 for Abbott, Roche and Orgentec, respectively.

Taken together, the candidate NIBSC standard can be used
to align clinical interpretation for five of the nine tested assays.
In practical terms, ACPA test results obtained with assays from
Thermo Fisher, Svar Life Science, IDS, Euroimmun and Siemens
exceeding the result of a 1:4 dilution of NIBSC 18/204 will have
an associated likelihood ratio of at least 10. This does not hold
for assays from Roche, Abbott, Orgentec or BioRad. It may hold
for other assays not included in this study under the condition
that for these assays there is good commutability of the reference
material with the assays from Thermo Fisher, Svar Life Science,
IDS, Euroimmun and/or Siemens. It should be noted that for all
assays included in this study, test result interval-specific likeli-
hood ratios have been described."

CONCLUSION

NIBSC 18/204 was evaluated as a candidate reference material to
standardise ACPA assays. This candidate standard improved the
standardisation and alignment of most ACPA assays evaluated in
this study. It may also help to align clinical interpretation of test
results. However, differences in results between (some) assays
still remain. As has been shown for anti-neutrophil cytoplasmic
antibodies, using a common reference material does not assure a
common clinical interpretation for all assays.'* Factors that might
contribute to the non-commutability across assays include non-
linearity, difference in antigen recognition and assay configura-
tion.'” '* 17 Adoption of an international standard for ACPA, as
it has been defined for rheumatoid factor, is highly desirable and
would facilitate comparison between ACPA assays of different
manufacturers.’® ' This would be particularly important in the
context of the ACR/EULAR classification criteria, where ACPA

concentration has a high impact on RA classification.! NIBSC
18/204 could be used as a calibrator by kit manufacturers or as
a reference reagent by diagnostic laboratories to standardise the
results and line up clinical interpretation.

Author affiliations

"Department of Microbiology, Immunology and Transplantation, KU Leuven, Leuven,
Belgium

“Department of Laboratory Medicine, Onze-Lieve-Vrouwziekenhuis Aalst, Aalst,
Belgium

3NIBSC, National Institute for Biological Standards and Control, Potters Bar, UK
“Department of Rheumatology, Onze-Lieve-Vrouwziekenhuis Aalst, Aalst, Belgium
*Division of Rheumatology, Internal Medicine IlI, Medical University of Vienna,
Vienna, Austria

6Department of Internal Medicine, Ghent University, Ghent, Belgium

"Department of Diagnostic Sciences, Ghent University, Ghent, Belgium
®Department of Laboratory Medicine, National Institute of Locomotor Diseases and
Disabilities, Budapest, Hungary

°Department of Clinical Immunology and Transfusion Medicine, Sahlgrenska
University Hospital, Gothenburg, Sweden

"Department of Rheumatology, Sahlgrenska Academy at University of Gothenburg,
Gothenburg, Sweden

""Department of Rheumatology, University Medical Centre Ljubljana, Ljubljana,
Slovenia

"Division of Inflammation and Infection, Department of Biomedical and Clinical
Sciences, Linkdping University, Linkoping, Sweden

"*Department of Laboratory Medicine, University Hospital Basel, Basel, Switzerland
"Department of Laboratory Medicine, Kantonsspital Aarau, Aarau, Switzerland
"*Department of Laboratory Medicine, Centre Hospitalier de Luxembourg,
Luxembourg, Luxembourg

"®Department of Laboratory Medicine, AZ Sint-Elisabeth Ziekenhuis Zottegem vzw,
Zottegem, Belgium

""Department of Laboratory Medicine, AZ Rivierenland, Bornem, Antwerpen, Belgium
"®Department of Laboratory Medicine, AZ Sint-Lucas Bruges, Bruges, Belgium
"Department of Rheumatology, Centre Hospitalier de Luxembourg, Luxembourg,
Luxembourg

2Rheumazentrum Ostschweiz, St. Gallan, Switzerland

ZDepartment of Rheumatology, University Hospital Basel, Basel, Switzerland
2Department of Clinical Immunology, Adult and Pediatric Rheumatology, National
Institute of Locomotor Diseases and Disabilities, Budapest, Hungary

BDepartment of Rheumatology and VIB Inflammation Research Center, University
Hospital Ghent, Ghent, Belgium

Ludwig Boltzmann Institute for Arthritis and Rehabilitation, Vienna, Austria
“Division of Rheumatology, University Hospital Leuven, Leuven, Belgium
%Department of Development and Regeneration KU Leuven, Skeletal Biology and
Engineering Research Center, University Hospital Leuven, Leuven, Belgium
“Department of Laboratory Medicine, University Hospital Leuven, Leuven, Belgium

Acknowledgements We thank all participating diagnostic companies for in-kind
providing the assays, technical training and support, and the constructive discussions.
We are grateful to 1UIS-CDC and NIBSC for the provision of the IUIS-CDC and NIBSC
18/204 reference materials. We are very thankful to the laboratory technicians of

all participating laboratories for their most appreciated assistance in performing the
ACPA analyses.

Contributors LVH, XB, BVC, DS, GS and PV contributed to the study conception
and design. Patient Samples were selected by LVH, BVC, DS, DA, PV, CB, EN, RP,
SC, CD, IH, LB, FB, CW, RM, DK, CS, AK, RJ, BJ, EK and PJ. Reference material was
provided by PSG and by NIBSC (LS). Material preparation and data collection was
performed by SVdB, LB, LVH, AVL, GV, JR; data analysis by LVH and XB; XB acts as
guarantor. Manuscript was prepared by LVH, XB, LS, DS and GS and commented by
all authors. The final manuscript was read and approved by all authors.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors. All participating
diagnostic companies donated the ACPA assays and provided technical training and
support free of charge (see competing interests).

Competing interests XB, LVH, GS and DS have received speaker fees

from Thermo Fisher Scientific and have been a consultant for Thermo Fisher
Scientific; BL and IH has received speaker fees from Thermo Fisher Scientific.
All participating diagnostic companies in-kind provided the ACPA assays and
provided technical training and support:Thermo Fisher Scientific, Uppsala,
Sweden; Roche Diagnostics, Mannheim, Germany; Svar Life Science, Malma,
Sweden; Immunodiagnostic Systems (IDS), Tyne and Wear, United Kingdom;
Orgentec, Mainz, Germany; Abbott, Wiesbaden, Germany; Euroimmun, Libeck,
Germany; Bio-Rad Laboratories, Hercules, California, USA; and Siemens
Healthineers, Sudbury, United Kingdom.

Van Hoovels L, et al. Ann Rheum Dis 2022;0:1-6. doi:10.1136/annrheumdis-2021-221849 5

1ybuAdoo
Aq pa1oa101d "sauRIgIT UBANST NY Je ZZ0g ‘€ IsnBny uo /wod (wig pre//:dny woiy papeojumoq "zz0z dunr €T U0 6778T2Z-TZ0Z-SIPWNayIuue/9eTT 0T St paysignd isiy :sig wnayy uuy


http://ard.bmj.com/

Autoimmunity

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by
EC of University Hospital Leuven and OLV Hospital Aalst with Belgian registration
number: B322201939877. Participants gave informed consent to participate in the
study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data sharing not applicable as no datasets
generated and/or analysed for this study.

Supplemental material This content has been supplied by the author(s). It

has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have
been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Lieve Van Hoovels http://orcid.org/0000-0002-3462-7288
Christopher Sjowall http://orcid.org/0000-0003-0900-2048
Alf Kastbom http://orcid.org/0000-0001-7187-1477

Rok Jese http://orcid.org/0000-0002-9768-0617

Peggy Jacques http://orcid.org/0000-0001-9227-257X
Daniel Aletaha http://orcid.org/0000-0003-2108-0030
Patrick Verschueren http://orcid.org/0000-0002-0340-3580
Xavier Bossuyt http://orcid.org/0000-0001-6856-8485

REFERENCES

1 Aletaha D, Neogi T, Silman AJ. Rheumatoid arthritis classification criteria: an American
College of Rheumatology/European League against rheumatism collaborative
initiative. Ann Rheum Dis 2010;62:1580-8.

2 Coenen D, Verschueren P, Westhovens R, et al. Technical and diagnostic performance
of 6 assays for the measurement of citrullinated protein/peptide antibodies in the
diagnosis of rheumatoid arthritis. Clin Chem 2007;53:498-504.

3 Van Hoovels L, Jacobs J, Vander Cruyssen B, et al. Performance characteristics
of rheumatoid factor and anti-cyclic citrullinated peptide antibody assays

Ul

may impact ACR/EULAR classification of rheumatoid arthritis. Ann Rheum Dis
2018;77:667-77.

International union of immunological Societies (IUIS)/Antibody standardization
committee (ACS). Reference reagent for human reference serum for citrullinated
peptide/protein antibodies (ACPA), 2008. Available: http://www.autoab.org [Accessed
2 Dec 2021].

Bizzaro N, Pregnolato F, van Boekel MAM, et al. Preliminary evaluation of the first
international reference preparation for anticitrullinated peptide antibodies. Ann
Rheum Dis 2012;71:1388-92.

Bossuyt X, Coenen D, Fieuws S, et a/. Likelihood ratios as a function of antibody
concentration for anti-cyclic citrullinated peptide antibodies and rheumatoid factor.
Ann Rheum Dis 2009;68:287-9.

Bossuyt X. Anticitrullinated protein antibodies: taking into account antibody levels
improves interpretation. Ann Rheum Dis 2017,76:e33.

van der Woude D, Rantapaa-Dahlqvist S, loan-Facsinay A, et al. Epitope spreading
of the anti-citrullinated protein antibody response occurs before disease onset

and is associated with the disease course of early arthritis. Ann Rheum Dis
2010;69:1554-61.

Takeuchi T. Biomarkers as a treatment guide in rheumatoid arthritis. Clin Immunol
2018;186:59-62.

Monogioudi E, Martos G, Hutu DP, et a/. Standardization of autoimmune testing - is it
feasible? Clin Chem Lab Med 2018;56:1734-42.

Regulation (EU) 2017/746 of the European Parliament and of the Council of 5 April
2017 on in vitro diagnostic medical devices and Repealing directive 98/79/EC and
Commission decision 2010/227/Eu 2017.

Clinical and Laboratory Standards Institute (CLSI). Evaluation of precision performance
of quantitative measurement methods, Approved guideline. 2nd ed. Wayne, PA: CLSI,
2004: EP5-A2.

Clinical and Laboratorylaboratory Standards Institute (CLSI). Evaluationevaluation
of the linearity of quantitative measurement procedures: a statistical approach;
Approved guideline. Wayne, PA: CLSI, 2003: EP6-A.

Van Hoovels L, Vander Cruyssen B, Sieghart D, et al. Multicentre study to improve
clinical interpretation of rheumatoid factor and anti-citrullinated protein/peptide
antibodies test results. RMD Open 2022;8:€002099.

Bossuyt X, Damoiseaux J, Rasmussen N, et a/. Harmonization of antineutrophil
cytoplasmic antibodies (ANCA) testing by reporting test result-specific likelihood
ratios: position paper. Clin Chem Lab Med 2020;59:e35-9.

Meroni PL, Biggioggero M, Pierangeli SS, et al. Standardization of autoantibody
testing: a paradigm for serology in rheumatic diseases. Nat Rev Rheumatol
2014;10:35-43.

Jacobs JFM, Bossuyt X. Standardization and harmonization of autoimmune
diagnostics. Clin Chem Lab Med 2018;56:1563—7.

Rénnelid J, Turesson C, Kastbom A. Autoantibodies in Rheumatoid Arthritis -
Laboratory and Clinical Perspectives. front Immunol 2021;12:685312.

Van Hoovels L, Studenic P, Sieghart D, et a/. Impact of autoimmune serology test
results on RA classification and diagnosis. J Trans/ Autoimmun 2022;5:100142.

Van Hoovels L, et al. Ann Rheum Dis 2022;0:1-6. doi:10.1136/annrheumdis-2021-221849

1ybuAdoo
Aq pa1oa101d "sauRIgIT UBANST NY Je ZZ0g ‘€ IsnBny uo /wod (wig pre//:dny woiy papeojumoq "zz0z dunr €T U0 6778T2Z-TZ0Z-SIPWNayIuue/9eTT 0T St paysignd isiy :sig wnayy uuy


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-3462-7288
http://orcid.org/0000-0003-0900-2048
http://orcid.org/0000-0001-7187-1477
http://orcid.org/0000-0002-9768-0617
http://orcid.org/0000-0001-9227-257X
http://orcid.org/0000-0003-2108-0030
http://orcid.org/0000-0002-0340-3580
http://orcid.org/0000-0001-6856-8485
http://dx.doi.org/10.1002/art.27584
http://dx.doi.org/10.1373/clinchem.2006.078063
http://dx.doi.org/10.1136/annrheumdis-2017-212365
http://www.autoab.org
http://dx.doi.org/10.1136/annrheumdis-2011-200693
http://dx.doi.org/10.1136/annrheumdis-2011-200693
http://dx.doi.org/10.1136/ard.2007.085597
http://dx.doi.org/10.1136/annrheumdis-2016-211039
http://dx.doi.org/10.1136/ard.2009.124537
http://dx.doi.org/10.1016/j.clim.2017.07.019
http://dx.doi.org/10.1515/cclm-2017-1077
http://dx.doi.org/10.1136/rmdopen-2021-002099
http://dx.doi.org/10.1515/cclm-2020-1178
http://dx.doi.org/10.1038/nrrheum.2013.180
http://dx.doi.org/10.1515/cclm-2018-0807
http://dx.doi.org/10.3389/fimmu.2021.685312
http://dx.doi.org/10.1016/j.jtauto.2022.100142
http://ard.bmj.com/

	Standardisation of ACPA tests: evaluation of a new candidate reference preparation
	Abstract
	Introduction﻿﻿
	Materials and methods
	Results
	Conclusion
	References


