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Measurement of two groups of autoantibodies, rheumatoid factor (RF) and anti-
citrullinated protein/peptide antibodies (ACPA) have gained increasing significance in
the diagnosis and classification of rheumatoid arthritis (RA) over the last 65 years. Despite
this rising importance of autoimmune serology in RA, there is a palpable lack of
harmonization between different commercial RF and ACPA tests. While a minimal
diagnostic specificity has been defined for RF tests, which almost always are related to
an international reference preparation, neither of this applies to ACPA. Especially assays
with low diagnostic specificity are associated with very low positive predictive values or
post-test probabilities in real world settings. In this review we focus on issues of practical
bearing for the clinical physician diagnosing patients who potentially have RA, or treating
patients diagnosed with RA. We advocate that all clinically used assays for RF and ACPA
should be aligned to a common diagnostic specificity of 98-99% compared to healthy
controls. This high and rather narrow interval corresponds to the diagnostic specificity
seen for many commercial ACPA tests, and represents a specificity that is higher than
what is customary for most RF assays. Data on antibody occurrence harmonized in this
way should be accompanied by test result-specific likelihood ratios for the target
diagnosis RA on an ordinal or interval scale, which will provide the clinical physician
with more granular and richer information than merely relating numerical values to a single
cut-off point. As many physicians today are used to evaluate autoantibodies as positive or
negative on a nominal scale, the introduction of test result-specific likelihood ratios will
require a change in clinical mindset. We also discuss the use of autoantibodies to
prognosticate future arthritis development in at-risk patients as well as predict severe
disease course and outcome of pharmacological treatment.
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INTRODUCTION

Autoantibody measurements have been long-term companions
to physicians involved in the management of rheumatoid
arthritis (RA) patients, with increasing importance during the
last decades. As guidelines and criteria nowadays tend to put
increasing emphasis on autoantibody analyses, and as the field is
highly dynamic, it becomes even more important for physicians
to be aware of pitfalls and advantages of such testing. Thus, we
aimed to overview the current ‘serological landscape’ in RA, from
both laboratory and clinical perspectives
LABORATORY PERSPECTIVES

Autoantibodies in Diagnostic and
Classification Criteria for
Rheumatoid Arthritis
Already in the diagnostic criteria for RA proposed in 1956 (1), a
positive sheep cell agglutination test or a positive streptococcal
agglutination test (2) was included among the criteria for definite
or probable RA. A definite RA diagnosis required five out of 11
criteria, and thus immune serology could constitute up to 20% of
the criteria needed. The 1956 criteria (1) did not define what
laboratory finding should constitute a positive reaction for RF,
but the 1958 revised criteria (3), stated that any method to
measure RF could be employed if “positive in not over 5% of
normal controls” in two different laboratories, alternatively by a
positive streptococcal agglutination test (3). In the 1987
American Rheumatism Association revised criteria for the
classification of RA (4), RF constituted one of 7 classification
criteria, and as RA was defined by the presence of four or
more criteria, autoimmune serology could constitute up to 25%
of the criteria needed for classification as RA. The definition of
a positive RF reaction was slightly modified to “abnormal
amounts of serum rheumatoid factor by any method for which
the result has been positive in <5% of normal control subjects”.
Thus, a specificity more than, but not including, 95%
was employed.

Major discoveries prompted the development of new criteria.
The advent of biological therapies had dramatically improved the
prognosis for RA patients (5). A new understanding emerged
concerning the “window of opportunity” within the first weeks
after appearance of RA symptoms, when active treatment with
disease-modifying anti-rheumatic drugs (DMARDs) should be
commenced, and that delayed start of RA treatment had long-
term negative effects (6). Collectively, these circumstances led to
criticism of the 1987 classification criteria for lacking sensitivity
in early RA. The discovery of anti-citrullinated protein/peptide
antibodies (ACPA) also changed the scene (7, 8). The 2010
European League against Rheumatism (EULAR)/American
College of Rheumatology (ACR) classification criteria for RA
therefore focus on discriminating between high and low risk for
persistent or erosive disease among patients presenting with
recent onset of synovitis (9). In the 2010 criteria, both RF and
ACPA are included, and a score of 6 or greater out of 10 possible
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classify as RA. Intriguingly, the 2010 classification criteria do not
convey any traceable information about how to define the
occurrence of RF or ACPA, and negative values are referred to
as “less than or equal to the upper limit of normal (UNL) for the
laboratory and assay” (9). Low positive values were defined as
between 1-3 times the UNL, and high positive values > 3 times
the UNL for the laboratory and assay. Low levels of RF or ACPA
yield a score of 2, and high levels yield a score of 3. Qualitative RF
responses yield a score of 2 (9).

Consequently, autoantibodies may now account for up to
50% of the scores needed to classify as definite RA, meaning that
the impact of autoimmune serology has gradually increased since
the first diagnostic criteria in 1956.

At the time of publication of the 1956, 1958 and 1987 criteria,
RF was commonly performed with manual techniques locally
adopted in individual hospital laboratories. This situation has
changed dramatically, and today most laboratories use
commercial assay systems comprising ready-made assay kits or
fully automated assay systems provided by industrial
manufacturers. Since 2017, the In Vitro Diagnostic Medical
Device Regulation (IVD-R) describes the regulatory basis for
placing new in vitro tests on the market in the European Union
(10). The IVD-R states that the manufacturing company is
responsible for performing clinical validation including
determination of diagnostic sensitivity and diagnostic
specificity. The reference ranges suggested by the manufacturer
are thereafter often accepted after being verified in smaller
groups of subjects in the individual clinical laboratories
utilizing the corresponding reagents. In practice, reference
ranges for RF are commonly defined according to the 1987
classification criteria (4), whereas reference ranges for ACPA are
decided at the discretion of the individual companies producing
ACPA assay reagents.

In the 1956 criteria, high concentration of lupus
erythematosus (LE) cells in blood constituted an exclusion
criterion (1, 11). This exclusion criterion remained in the 1958
revision, but was commented as LE cells had been observed in
patients with typical clinical features of RA (3). However, anti-
nuclear antibodies detected with immune fluorescence (IF-
ANA), i.e. the clinical laboratory successor of the LE cell test
(12), is quite common among RA patients. In a Swedish study of
105 patients with established RA, IF-ANA was detected in 38%
(13). In another study, a positive reaction was found in 20% of
385 patients with early RA classified according to the 1987
criteria (14). In both studies, the diagnostic specificity for IF-
ANA was 95% when compared with healthy controls, as
suggested by the international recommendations (15). IF-ANA
is thus common among RA patients and consequently, this
exclusion criterion was omitted in the 1987 and 2010 RA
classification criteria (4, 9).

Laboratory Techniques Used to
Measure RF
RF was originally described using hemagglutination of sensitized
sheep red blood cells in an agglutination test (16, 17), with
reagents prepared in-house by each laboratory. Later more stable
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tests appeared based on the agglutination of latex-containing
particles of uniform size instead of sheep red blood cells (18).
Large scale automation was made possible with the development
of nephelometric (19, 20) and turbidimetric (21) techniques.
Until then, all methods had been isotype-nonspecific, although
they all, due to assay format, mainly detected IgM RF. With the
development of isotype-specific ELISAs (22) and other enzyme
immunoassays, this hurdle was overcome. There are also
examples of commercial addressable laser bead immunoassays
(ALBIA) for the measurement of RF (23).

The report for the October 2020 distribution from the
British National External Quality Assurance Scheme (UK
NEQAS) contained 312 responses for RF (308 correctly
reported positive). RF had – in different laboratories - been
analyzed with four latex agglutination methods, although
no laboratory reported measurement with the original
hemagglutination technique. Other techniques reported were
one chemiluminescence method, 8 enzyme immunoassays, 12
turbidimetry methods, two nephelometry assays, and one
addressable laser bead immunoassay ALBIA. Only one
laboratory reported using an in-house ELISA to measure
RF, whereas all other laboratories stating details used
commercial tests.

Clinically Used Assays for
ACPA Determination
A number of different commercially available ACPA tests have
been developed, detecting antibodies that target different
citrullinated proteins and peptides. The first assay marketed in
2000 used a defined peptide from filaggrin, the citrullinated
autoantigen in anti-keratin antibodies (24), and the first protein
to be used as a citrullinated autoantigen in RA studies (7, 8). The
public peptide sequence was made cyclic by oxidative folding
between thiol groups in two cysteine residues to allow more
efficient recognition of the citrullinated epitopes by ACPA.
Consequently, the antigen was denoted cyclic citrullinated
peptide (CCP) (25). By screening around 12 million peptides
from synthetic libraries with RA sera, a new set of peptide(s) was
incorporated into assays denoted cyclic citrullinated peptide
version 2 (CCP2) (26). A great number of studies have shown
that anti-CCP2 defines RA patients with poor prognosis, both
concerning inflammation and radiographic joint damage (27,
28). Comparative studies clearly showed that anti-CCP2 had
higher diagnostic sensitivity at equal specificity, and also defined
more patients with poor radiological prognosis, compared to
anti-CCP1, which was the name now given to the original anti-
CCP test (29). The proprietary CCP2 has been licensed to many
diagnostic companies which produce anti-CCP2 tests, and one
company developed their own cyclized peptide denoted CCP3
which also has good diagnostic qualities (30, 31). A German
company developed a test based on mutated and citrullinated
vimentin, denoted anti-MCV (32). Although anti-MCV could
detect patients with poor radiological prognosis also among anti-
CCP2-negative patients (33), and high levels of anti-MCV have
been particularly associated with severe extra-articular
manifestations of RA (34), a number of studies have raised
issues concerning the diagnostic performance of anti-MCV,
Frontiers in Immunology | www.frontiersin.org 3
especially in the high specificity part of the receiver operator
characteristics (ROC) curve (35, 36). A commercial ELISA based
on recombinant citrullinated rat filaggrin was also developed (37,
38), and an Italian company has established an assay based on a
viral citrullinated peptide (VCP2) from Epstein-Barr virus-
encoded protein (39).

In Europe, the anti-CCP2 test provided by different
companies and in different assay formats is the dominating
test. Although the absolute majority of commercial ACPA tests
measure IgG ACPA, some companies have developed
commercial IgA and IgM ACPA tests primarily for research
purposes (40, 41), and one company developed a variant ACPA
test denoted anti-CCP3.1 with mixed anti-IgG/anti-IgA
conjugate (31, 42).

A large number of ACPA fine specificities have been
described, also appearing in the anti-CCP2 negative RA subset
(43). However, no such fine specificities have gained widespread
clinical use.

The October 2020 quality assessment distribution from UK
NEQAS contained 407 responses from individual laboratories
for ACPA, with 406 correctly reported positive. ACPA had been
analyzed with 6 different chemiluminescence methods, 11
enzyme immunoassays and one luminex-based assay. All
laboratories used commercial ACPA tests.

Non-Criteria Autoantibodies in RA
Besides RF and ACPA, other groups of antibodies have been
implicated as diagnostic and/or prognostic biomarkers in RA.
ACPA belong to a group of antibodies against post-
translationally modified (PTM) proteins/peptides. Antibodies
against carbamylated or homocitrulline-containing proteins
(anti-CarP) were originally detected in 45% of RA patients and
reported as distinct from ACPA based on inhibition studies (44).
Anti-CarP predicts poor radiological outcome in early arthritis
patients (45). A meta-analysis suggested high specificity but
relatively low sensitivity for anti-CarP (46). Together with
antibodies against acetylated residues, ACPA and anti-CarP are
collectively termed anti-modified peptide antibodies, or AMPA
(47). The original studies claiming non-cross reactivity used
rather complex ELISAs with carbamylated fibrinogen or
carbamylated fetal calf serum as antigens, and polyclonal
patient sera. Later studies, which used small peptides with
different individual PTMs (48) and/or monoclonal AMPA
from RA patients (49, 50) have shown extensive cross-
reactivity, especially between ACPA and anti-CarP. Antibodies
against peptidyl arginine deiminase-4 (PAD-4), an enzyme
responsible for citrullination, was originally detected in 36-42%
or RA patients with high specificity (51), and gained interest as
anti-PAD-4 could inhibit citrullination of fibrinogen (52). A
meta-analysis has suggested rather low diagnostic sensitivity but
high specificity for anti-PAD-4 (53). Antibodies against glucose-
6-phosphate isomerase (anti-GPI), distinctively pathogenic in
the K/BxN T cell receptor transgenic mouse arthritis model, were
first described in 64% of RA patients but not in controls (54).
Later studies, however, showed anti-GPI also in other arthritides
and systemic rheumatic diseases (55, 56). Type II collagen (CII),
the most abundant antigen in hyaline cartilage, is an autoantigen
May 2021 | Volume 12 | Article 685312
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in animal arthritis models, and anti-CII in RA was first described
almost 50 years ago (57). More recent studies have described
high levels of functionally active cytokine-inducing anti-CII in a
limited group (5-10%) of newly diagnosed RA patients. As anti-
CII levels drop during the first year, so does the anti-CII induced
inflammation. Anti-CII might therefore be a marker for an acute
onset RA subgroup with good prognosis (58, 59). Heterogeneous
nuclear ribonucleoprotein A2, or RA33 is a target for
autoantibodies in about one third of RA patients, but also in
systemic lupus erythematosus (SLE) and mixed connective
tissue disease patients with antibodies against DNA and the
Sm/RNP complex (60). A recent meta-analysis reported pooled
sensitivity and specificity values of 31.8% and 90.1%, respectively
(61). Antibodies against products of lipid degradation,
malondialdehyde (MDA) and malondialdehyde-acetaldehyde
(MAA) are increased in RA and show some association to RF
and ACPA (62). The levels increase before diagnosis of RA, albeit at
a later stage than RF and ACPA (63). Antibodies against the
immunoglobulin binding stress protein BiP have been found in
sera both from RA patients and asymptomatic subjects
subsequently developing RA (64); but a recent meta-analysis
showed only moderate diagnostic sensitivity (65). Antibodies
against calpastatin were described more than 25 years ago in
57% of investigated RA patients (66). Anti-agalactosylated IgG
autoantibodies have been described in 83% of RA patients, but
comparison with disease controls showed lower specificity than for
anti-CCP (67).

None of these non-criteria autoantibodies have obtained
widespread use, although anti-CarP has gained significant
interest in a scientific context. Henceforth, we will focus on the
clinical use of RF and ACPA.

International Reference Preparations for
RF and ACPA
The first World Health Organization (WHO) RF standard was
produced by pooling RA sera collected in 1963. In 1964 the pool
was divided into three batches, where the first formed the
international reference serum denoted W1066 (68). The
second batch formed the 1st British standard denoted 64/002
(69). As they are from the same source, W1066 and 64/002 are
interchangeable. Eleven laboratories from seven countries
participated in the collaborative study where all participants
were asked to use sheep cell agglutination, and no isotype
specific techniques were in use at that time. The 1st WHO
standard W1066 was described in 1970 (70) and has been
available via the National Institute for Biological Standards and
Control (NIBSC) in United Kingdom (www.nibsc.org). The
majority of commercial tests for RF are standardized against
W1066, and the unitage is consequently given as international
units (IU)/ml.

The first reference preparation for ACPA prepared from
defibrinated plasma from one strongly ACPA-positive RA
patient diluted in a pool of ACPA negative serum samples was
described in 2012 (71). Twelve commercial methods, the
majority based on the CCP2 antigen were investigated in
parallel. Except the anti-CCP3.1 test detecting both IgG and
Frontiers in Immunology | www.frontiersin.org 4
IgA ACPA, the other 11 assays only detected IgG ACPA. When
dilutions of the reference sample was used as a calibrator in the
different assays, the mean coefficient of variation was reduced
from 76.4% to 27.9% for samples with medium/high ACPA
levels (71). The reference preparation is available from the
Antibody Standardization Committee (ASC), a subcommittee
of the International Union of Immunological Societies (IUIS)
quality assessment and standardization committee (72).
Although it belongs to the reference preparations colloquially
called the “CDC reagents”, the IUIS/ASC reference preparation
is today distributed via the Plasma Services Group (www.
plasmaservicesgroup.com). To our knowledge, no commercial
ACPA test has so far been standardized against this preparation.

A tentative new candidate material named 18/204 has been
investigated in a collaborative study led by NIBSC, with the aim
to produce a new WHO standard for RF and ACPA. The
candidate material was also evaluated by the European
Consensus Finding Study Group on Autoantibodies (ECFSG)
in 2019-2020. The complexity of the results from the
international collaborative study has raised some unexpected
questions, and the approach for using 18/204 as an RF/ACPA
standard or reference reagent is still under consideration (Lucy
Studholme, personal communication).

Standardization of Autoantibody Analyses
in the Clinical Laboratory
In Sweden, most if not all laboratories performing autoantibody
analyses are accredited according to EN/ISO 15189:2012
standard (73). This document is general, and does not fulfill all
needs concerning instructions for immunological laboratories. A
consensus document was recently published to fill these needs
and to create a framework for accreditation purposes (74),
including internal controls and external quality assessment
schemes. Internal controls (both positive and negative) are
individual samples included in all performed analyses in
parallel to patient samples. One positive sample should
preferably have a value close to the assay cut-off, where
stability should be secured (74). Acceptable variation, usually
given as % coefficient of variation around the mean, are
predefined and repeated deviations outside that range should
lead to report to the laboratory manager for further actions.
Internal control samples provided with assay kits can change
with new lots of reagents in ways unpredictable for the clinical
laboratories. Consequently, it is of great value to have enough of
own kit-independent internal controls to allow continuous
analysis over time covering changes between different reagent
lots. It is also optimal to have internal controls from single
patients (obtained from plasmapheresis), as variations between
different batches of assay kits tend to be more evident with single
donor controls than with pooled controls (75). However, such
large quantities of single donor sera are seldom available, and
laboratories often use pools of anonymized patient samples as
internal controls.

External quality assessment (or proficiency testing) programs
are conducted by independent bodies who dispatch samples,
often 4-6 times/year to participating laboratories. The
May 2021 | Volume 12 | Article 685312
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laboratories perform the prescribed analyses and return the
results to the external quality assessment provider who compile
the data and thereafter return back the individual assessments.
Figure 1 shows an excerpt from such a report for RF from
UK NEQAS.

Variability Between Methods to Measure RF
and ACPA
There is often an obvious discrepancy between quantitative
results from RF measurements performed with different
methods. Already one of the first studies on RF measured with
nephelometry noted only a modest correlation between
agglutination test titers and nephelometry (r=0.46) after
excluding seronegative patients (19). Comparisons between
nephelometry and turbidometry have also showed significant
differences, especially in the low positive range (76), and even
different IgM RF immunoassays have shown clear discrepancies
depending on whether the target antigen source was human or
rabbit IgG (77).

There is also a considerable variation between different ACPA
tests, although they are methodologically more similar and all
use citrullinated peptides or proteins bound to solid phases in
immunoassays. In a comparison between six different ACPA
assays targeting citrullinated filaggrin, MCV, CCP2 (three
assays) and CCP3, diagnostic sensitivity ranged between 69.6%
and 77.5% and diagnostic specificity between 87.8 and 96.4%.
However, the areas under the ROC curves (AUC) were similar,
and there was a good correlation between quantitative values for
the three anti-CCP2 tests, with r values between 0.90 and 0.95
(37). In an Italian study where 11 different commercial ACPA
assays were compared investigating 100 RA patients and 202
Frontiers in Immunology | www.frontiersin.org 5
healthy and disease controls, the AUC were largest for assays
using CCP2 or anti-CCP3 as antigens, but lower when other
citrullinated antigens (filaggrin, vimentin, IgG, Epstein Barr
virus) were used. ROC curve analyses suggested widely
differing sensitivities and specificities, but when all cutoffs were
adjusted to the same diagnostic specificity (98.5%), the assays
with lowest AUC also showed the lowest diagnostic sensitivities;
highest sensitivities were found for the anti-CCP assays. Again,
there was an almost perfect agreement between assays using
CCP2 and CCP3 antigens. The authors concluded that the most
important variable for assay accuracy is the source of antigen and
that other variations in kit preparation are secondary (38). A
third study from Belgium recently investigated 594 consecutive
patients seeing a rheumatologist in a real world setting, and being
tested for RF and ACPA for the first time. Diagnoses were
reviewed by the consulting rheumatologist, and reviewed again
after one year of follow-up. The authors found large variations in
sensitivity and specificity between assays, notably mainly for
RF (78).

In all these studies, numerical ACPA values differed widely
between assays, as there is no commonly used international
standard for ACPA. Two studies have therefore compared the
ratios between the values obtained for the IUIS/ASC ACPA
standard and the cut-offs suggested by the manufacturers for
different commercial assays. In the study describing the IUIS/
ASC ACPA standard, this was done for 12 commercial methods,
with a ratio between 5.6 and 28.5 (71). As this ratio differed more
than five times between the extremes, it reflects a more than five
time difference in recommended cut-offs, which are often
implemented by clinical laboratories and which in the 2010
EULAR/ACR classification criteria are called “upper limit of
FIGURE 1 | Excerpt from the response from the British External Quality Assessment provider UK NEQAS to one individual laboratory on the October 2020
distribution of rheumatoid factor. Responses had been submitted from 312 laboratories, out of which 308 were correctly positive and four incorrectly reported as
negative. The histogram bars show the quantitative distribution for all participating labs, with the distribution of labs using the same commercial assay as this
individual laboratory in grey. The figure is published with the permission of Dina Patel, UK NEQAS.
May 2021 | Volume 12 | Article 685312
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normal (ULN) for the laboratory and assay” (9). Expressed
differently, it means that the same sample might either get zero
points (negative), 2 points (between 1-3 ULN) or 3 points (≥3 ULN)
in the 2010 criteria, depending on what assay was used (9). The
Belgian study referred to above also performed such calculations, and
found lower degree of variability with ACPA ratios between 11.2 to
22.3, i.e. a twofold difference.When they on the other hand calculated
ratios between the international RF standard W1066 and individual
RF assay cutoffs, the ratios differed between 0.6 and 9.3, a 15-fold
difference. Consequently, there was a large variation in sensitivity and
specificity between assays, especially for RF. The authors concluded
that, depending on assay used, patients might or might not be
classified as having RA (78).

How Cut-Offs for RF and ACPA
Are Determined
When the diagnostic performance of different autoantibody
assay systems is compared, it is generally recognized to use all
assays in parallel to investigate the same groups of patients and
controls, primarily including disease controls with a clinical
phenotype mimicking the target diagnosis. However, results
are often presented with varying values both for diagnostic
sensitivity and diagnostic specificity for the individual tests (78,
79), often because the authors have used the manufacturer-
suggested cut-offs. As discussed earlier, when cut-off points
from different assays measuring the same autoantibody are
related to each other, they differ up to five times for ACPA
and up to 15 times for RF (71, 78). Without knowledge about the
actual shapes of the corresponding ROC curves in the important
upper left part, and about cut-offs corresponding to individual
points on the ROC curves, such data are very difficult, if not
impossible to interpret correctly.

There is also a general trend that the cut-off values for RF tests
are set at a lower specificity than for ACPA (78). This is probably
at least partly due to the 1987 ACR classification criteria stating a
specificity of > 95% (4) whereas the first ACPA studies evaluating
ACPA levels with ELISA usually used a cutoff level
corresponding to 98%-99% specificity (25, 80). Due to a rather
low specificity, the positive predictive value (PPV) for RF can be
very low in health care settings where RA is uncommon. In a US
study performed in a teaching hospital on 563 analyses, the PPV
for RA was 24% (81). In a recent Danish real-world retrospective
population-based registry study on patients where ACPA and RF
were ordered in 60300 patients between 2007 and 2016, 5% of the
investigated patients developed RA. The PPV was higher for
ACPA (30%) than for IgM RF (12%) when the cutoffs suggested
by the assay manufacturers were used (82). Higher PPVs for
ACPA (43%) than for IgM RF (14%) remained also when a cutoff
corresponding to three times UNL was used (83). As pointed out
by the authors of the American study (81), the selection of
patients among whom an RF test is performed probably matters
as much or more than the characteristics of the individual
RF assays.

It is easier to intuitively recognize a plausible cutoff for ACPA
than for RF. In Figures 2A, B we show IgG anti-CCP2 and IgM
RF values both measured with the Phadia Elia system in a cohort
Frontiers in Immunology | www.frontiersin.org 6
of 268 previously described Swedish RA patients (28, 58),
together with 100 healthy blood donors. All samples with
levels above the measurement range were further diluted and
re-assayed to obtain quantitative information for all individuals.
The distribution of anti-CCP2 (Figure 2A) for the patients is
clearly more bimodal and with a thinner waist than for IgM RF
(Figure 2B), in agreement with studies arguing that ACPA
positive and ACPA negative RA are separate disease entities
with different genetic and environmental risk factors (84). The
corresponding ROC curves are depicted in Figures 2C, D
whereas the distributions among the healthy controls are
shown in Figures 2E, F. The 95th percentile for IgM RF
amounts to 4.7 international units (IU)/mL (Figure 2F), which
is in agreement with the 5 IU/mL cutoff suggested by the
manufacturer which, in turn, is in agreement with the 1987
classification criteria stating >95% diagnostic specificity (4). The
95th percentile for anti-CCP2 corresponds to 2.9 arbitrary units
(AU)/mL, which is much lower than the 10 AU/ml cut-off
suggested for clearly positive results by the manufacturer (with
a suggested equivocal range between 7-10 AU/mL). In fact, if the
same specificity level would apply for anti-CCP2 as for IgM RF to
determine cut-off or UNL, 3 times UNL, i.e. the level resulting in
three points in the most recent classification criteria (9) would be
lower than the cutoff for a clearly positive reaction currently
suggested by the manufacturer (red arrow, Figure 2E). The
figure exemplifies the trend of generally higher diagnostic
specificity for ACPA tests than for RF assays in the current
practice (78).

Alternative Approaches to Report Results
for RF and ACPA to the Physicians
We suggest that assays for the investigation of RF and ACPA
should have a standardized specificity range, and that this
specificity range should be rather high and rather narrow,
between 98-99%. We also propose that this range should be
the same for RF and ACPA to enhance comparability between
the two autoantibody tests and to increase the positive predictive
values of RF tests which today are very low in real-world settings
(81–83). Such a defined range with an upper limit is more
specific than, but not in conflict with, the 1987 ACR
classification criteria which by stating >95% specificity formally
do not rule out higher cut-off settings (4). In such a cut-off
focused approach, the AUC of the ROC curve is of limited
importance, especially in the right low-specificity range, see
Figure 3. In this schematic figure the ROC curve with the
largest AUC has the lowest sensitivity at the pre-defined high
specificity, whereas the ROC curve with smallest AUC has the
highest sensitivity at the pre-defined specificity level, given the
ROC curve shape with close alignment with the y axis in the high
specificity range (Figure 3).

Establishment of cut-off levels in the high specificity range
demands large control populations. To establish a 99th percentile
cutoff with a 95% confidence interval, at least 678 controls have
to be investigated (85). The establishment of these cut-off values
has to be within the responsibility for the validation performed
by the manufacturing companies (10), as the much smaller
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verification performed at each laboratory before introducing a
new laboratory assay can never encompass such workload and
costs. The size and complexity of such an undertaking, together
with the need for carefully characterized patient populations,
argues for a joint effort between diagnostic industry and the main
professional bodies within rheumatology, e.g. EULAR and ACR.

We suggest that in this situation the cut-offs will remain
related to healthy controls and not to disease controls, as
described in the 1987 classification criteria (4) and never
changed since then. Disease controls encompassing patients
with differential diagnoses to the target diagnosis and
consulting the clinician in the same clinical setting as the
Frontiers in Immunology | www.frontiersin.org 7
target diagnosis patients are better comparators to define
which levels are clinically important in the real life situation
(86). However, it is very difficult if not impossible to define or
standardize RF levels in “disease controls”, even when defined by
discrete diagnoses, and thereby the objective of cut-off level
harmonization will not be reached. To paraphrase Leo Tolstoy,
who as a novelist had the artistic freedom to simplify: healthy
controls are all alike; every disease control is diseased in its own
way (87).

Even with aligned specificities, this analysis result would not
respond to the question asked by the rheumatologist at the
patient’s bedside or in the outpatient clinic. Although
A B

C D

E F

FIGURE 2 | Distribution of (A, C, E) anti-CCP2 and (B, D, F) IgM RF among 268 RA patients and 100 healthy blood donors from Sweden. In (A, C). dot blots are
shown with the medians depicted as horizontal solid lines. The dotted horizontal lines depict the cut-off points for clearly positive responses, as suggested by the
manufacturer. In (B, D), the corresponding Receiver Operator Characteristics (ROC) curves are shown; including information about Area Under the Curve (AUC). In
(E, F) the distribution of the 100 controls is depicted for anti-CCP2 and IgM RF, with vertical arrows depicting the 95th percentile among the 100 controls (95th), the
company-suggested cutoffs (CC), and in (E) the value three times higher than the 95th percentile (3x 95th, in red). Figures within parentheses show the
corresponding measurement values.
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sensitivity and specificity tell you what fraction of patients with
RA or control individuals will have RF or ACPA respectively, the
clinician frequently seeks the answer to the following question:
what is the probability that the patient in front of me has RA
given that I get a positive (or negative) result of the RF or ACPA
tests? Or even more informative: what is the probability of
disease given that the level of RF or ACPA is within a certain
range? These probabilities can be calculated given knowledge on
sensitivity, specificity and the risk for RA in an individual patient
before autoantibody testing given the individual patient’s unique
set of risk factors, or alternately at the population level, the
prevalence of RA in the investigated group of patients.

It is based on Bayesian statistics based on a theorem described
by the reverend Thomas Bayes in the 18th century (88) and which
subsequently was incorporated into clinical decision making
(89–91).

The likelihood ratio (LR; the ratio between the likelihood of a
test result in patients and the likelihood of the corresponding
result in controls) is not depending on prevalence, but on the
patient and control groups used. By knowing the pre-test
probability or prevalence and the positive LR, the post-test
probability or positive predictive value can be calculated (90).
In a meta-analysis of 37 studies on anti-CCP and 50 studies on
RF, the pooled positive LR for anti-CCP was 12.46, and for IgM
RF the corresponding figure was 4.86 (92). These figures should
be understood in the context that positive LRs above 10 usually
indicate large and often clinically important increase in
likelihood of disease, whereas LRs between 2-5 indicate small
increase in likelihood of disease (90). LRs were based on the cut-
offs used in the included studies, and thus were calculated only
for positive and negative reactions. More granular and richer
information can however be obtained if LR are determined for
Frontiers in Immunology | www.frontiersin.org 8
different quantitative intervals of RF and ACPA, which can help
the clinical rheumatologist to interpret the results in a more
nuanced way. In a study from 2009, Bossuyt et al. calculated
interval-specific positive LRs for anti-CCP2 (3 intervals) and RF
measured with nephelometry (4 intervals). The positive LR for
the highest interval was 27.7 for anti-CCP2, and 4.8 for RF; the
latter roughly comparable to the positive LR for the middle
interval for anti-CCP2 (93). The reasoning is further developed
in (94) and in relation to individual commercial RF and ACPA
tests in (78), where LRs were stratified both in relation to the
company-suggested cut-offs and with all cut-offs aligned to
98.5% specificity.

Cut-off values and LRs are related. Although different
commercial assays showed widely differing LRs at the cut-offs
recommended by the manufacturers, the LRs became obviously
more similar when the cut-offs for the different tests were aligned
to the same diagnostic specificity, as has been shown both for RF
(78) and ACPA (31, 78) assays.

A position paper arguing for a similar approach in the
reporting of anti-proteinase 3 and anti-myeloperoxidase levels
as interval-specific likelihood ratios in patients with suspected
ANCA-associated vasculitides was recently published (95).

We believe that a combination of reporting ACPA and RF
results with cutoffs aligned to a common high specificity range,
together with reporting of interval-specific likelihood ratios will
both increase the repeatability and granularity of data and thus
help clinicians to better interpretation of the clinical significance
of laboratory results.

We are aware that this will demand a change in clinical
mindset away from viewing autoantibody occurrence as
dichotomous information, to instead be interpreted on an
ordinal or interval scale. This means moving from treating
FIGURE 3 | When diagnostic sensitivities are compared between different tests, they should be aligned to the same diagnostic specificity, preferably in the high
specificity range. In this schematic figure, the Area Under the Curve (AUC) is highest for the red and lowest for the blue Receiver Operator Characteristics (ROC)
curve. However, at the predefined diagnostic specificity (vertical dotted line) the blue ROC curve represents the test with the highest sensitivity, which should be
preferred when laboratory results are reported in relation to one single cutoff. The original picture was obtained from Allan Wiik, Copenhagen, and published in
modified form with his permission.
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occurrence of autoantibodies in a binary way as when reviewing
an x-ray image for fracture or no fracture, and rather interpret
autoantibody data as when a clinician evaluates discrete blood
pressure levels being associated with different risks for
cardiovascular disease. A practical problem is that the same
groups of patients and controls should be evaluated with all tests
when comparing LRs between different assays.
CLINICAL PERSPECTIVES

Autoantibodies in Patients at Increased
Risk of RA
Autoantibody patterns prior to RA onset are being increasingly
investigated regarding their prognostic value in clinical practice.
Although the occurrence of RA-related autoantibodies prior to
symptom onset, which has been described in several previous
studies using large biobanks from population surveys or blood
donors (96–98) is very interesting from a pathophysiological
point of view, physicians mostly encounter patients seeking care
due to musculoskeletal pain. Therefore, this overview focuses on
subjects with symptoms instead of asymptomatic at-risk
populations such as symptom-free first-degree relatives.

Autoantibodies Before RA Diagnosis
In many countries, autoantibody status is an important
determinant leading to referral of symptomatic patients from
primary care to rheumatology clinics. Hence, prospective studies
constituting of symptomatic patients regardless of autoantibody
status are sparse. However, the clinical practice in the
Netherlands, where referral of patients is predominately based
on symptoms and not autoantibody results, enables such a study
design. Thus, ten Brink and colleagues studied 241 arthritis-free
yet symptomatic patients (99). Despite a rather strict symptom
definition (small joint arthralgia, duration <12 months, and
rheumatologist’s suspicion of progression to arthritis), 2-year
progression to arthritis was only 10% among patients negative
for anti-CCP2, RF, and anti-CarP. Increased arthritis risk
estimates were apparent for all 3 autoantibody classes, but
anti-CCP2 conferred the highest risk [hazard ratio (HR) 8.5],
and was the only autoantibody remaining significant in
multivariable analysis. Anti-CarP analysis in addition to RF
and anti-CCP2 testing showed no added prognostic value
(100). This study highlights the general importance of
autoantibodies, given the relatively low progression rate among
seronegative arthralgia patients. It also suggests that anti-CCP2 is
the most powerful of the three autoantibodies to predict arthritis
onset, although it should be borne in mind that 50% of ACPA
positive risk arthralgia patients did not develop arthritis within 2
years. A recent study from Argentina, which prospectively
evaluated patients with hand arthralgia regardless of
autoantibody status, similarly found low progression rates
among seronegative patients, and considerably increased risk
among those positive for RF or ACPA (assay not specified) (101).

Another Dutch cohort comprising 374 arthralgia patients
with either anti-CCP2 or RF, were prospectively followed for a
median 32 months (102). Clinical arthritis developed in 35% and
Frontiers in Immunology | www.frontiersin.org 9
was better predicted by baseline anti-CCP2 status than by RF,
although the highest risk was seen among double positive
patients (HR 7.1), suggesting a dose-response relationship. A
later study from the same cohort revealed significant prognostic
value of anti-CarP also when considering anti-CCP2 and RF (HR
1.6) (103).

In a UK cohort enrolling patients with anti-CCP2 and non-
specific musculoskeletal symptoms, 30% progressed to clinical
arthritis within 3 years, which was predicted by the concurrent
presence of RF or anti-CCP3, respectively (104, 105). Further
illustrating the prognostic importance of ACPA, inflammatory
arthritis developed in only 1.3% within one year in a large anti-
CCP2 negative control population with recent-onset
musculoskeletal pain (106).

A Swedish prospective cohort study on anti-CCP2 positive
patients with musculoskeletal pain showed 48% progression to
clinical arthritis within 6 years (107). Concurrent presence of RF
doubled the risk of progression, but anti-CarP did not convey
further risk in multivariable analysis. Nevertheless, HRs for
arthritis development increased by the number of positive
autoantibody classes.

Do Antibody Levels Matter?
More prognostic value could potentially be retrieved from
autoantibody levels than from status only. It needs to be
pointed out, however, that higher levels of autoantibodies often
coincide with increased number of autoantibody classes present.
The two cohorts studying anti-CCP2 positive patients with
musculoskeletal pain found both RF and anti-CCP2 levels to
be independently prognostic for arthritis development (105,
107). However, in the study recruiting patients based on
symptoms only, regardless of autoantibody status, neither anti-
CCP2 nor RF levels turned out to be significant predictors of
arthritis (99), although statistical power was limited. Finally,
when selecting symptomatic patients positive for either RF or
anti-CCP2, only levels of the latter were of prognostic value
(102). Taken together, it appears that in settings where
symptomatic patients are enriched for seropositivity, anti-
CCP2 levels are of importance, and RF levels are important
when co-occurring with anti-CCP2.

Is There a Value of Repeated Autoantibody Testing
in Symptomatic At-Risk Patients?
Retrospective biobank studies on asymptomatic individuals
clearly indicated that greater proportions are autoantibody
positive (96–98) and autoantibody levels increase (96, 97) as
RA diagnosis approaches. Extrapolation of these findings to the
symptomatic phase of pre-disease would make it clinically
relevant to monitor autoantibody levels to predict arthritis
onset. However, growing evidence from prospective studies on
symptomatic at-risk patients suggest otherwise. In fact, studies
published so far show that RF and ACPA (including non-
classical isotypes) appear stable during the symptomatic pre-
arthritic phase, both in terms of levels and seroconversion, and
without apparent association with arthritis onset (99, 108, 109).

To conclude, anti-CCP2 appears to be the strongest
serological predictor for arthritis development among
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symptomatic at-risk patients. RF confers a clear additive prognostic
value, whereas diverging results are found concerning anti-CarP.
This, in combination with methodological challenges and absent
standardization, preclude broader use of anti-CarP at the present
time. Higher baseline anti-CCP2 levels are generally associated with
higher arthritis risk and, at least in the anti-CCP2-positive subset,
the same holds true for RF. There are at present no indications that
repeated autoantibody assessments are informative among
symptomatic at-risk patients.

Autoantibodies in Diagnosis and
Prognosis of RA
The diagnostic utility of ACPA in clinical practice is well
recognized. For example, in the Swedish National Guidelines
for Management of Musculoskeletal Diseases issued by the
National Board of Health in 2012 (110), testing for anti-CCP2
ant ibodies was recommended in al l pat ients with
undifferentiated arthritis (i.e. patients with clinical arthritis but
not sufficient findings to make a diagnosis of RA or any other
established rheumatic disorder). The underlying rational was
that those positive for ACPA would be more likely to develop
classic RA, and should be followed by a rheumatologist. In the
most recent update of these guidelines, approved in January 2021
(111), this point was thought to be well integrated in established
clinical practice, and not controversial enough to be included as a
central recommendation. Instead, the updated guidelines
discussed the evidence for additional value of imaging over
and above that of ACPA.

Due to its lower specificity, RF testing in patients with very
early arthritis has not been recommended.

By contrast, in patients with persistent inflammatory
polyarthritis (i.e. a high pre-test probability of developing
classic RA) or in patients with a clinical diagnosis of RA,
testing for both ACPA and RF has been recommended (110).
This is based on the evidence for a worse prognosis in patients
with seropositive RA. In particular, it is well established that both
RF and ACPA are strong predictors for rapid progression of joint
damage (112). It has been shown that patients with RA who are
positive for RF and/or ACPA are more likely to have a gradual
increase in radiographic damage scores on a level that has a
clinical relevance for long term function and quality of life (113).
Furthermore, severe extra-articular manifestations, such as
systemic vasculitis or pericarditis, are more likely to occur in
seropositive patients (114), and these severe RA phenotypes are
particularly linked to high levels of RF (13).

Based on these insights, current recommendations for the
management of RA state that RF and ACPA status should be
taken into account in treatment decisions (115). For example,
among patients who do not have sufficient therapeutic response
to methotrexate, which should be the first disease modifying
anti-rheumatic drug (DMARD) in most cases, addition of a
biologic DMARD (bDMARD) or a targeted synthetic DMARD
(tsDMARD) is recommended in those with unfavorable
prognostic factors (e.g. RF/ACPA) (115). In accordance with
this, most rheumatologists are more willing to escalate therapy
rapidly in RF/ACPA positive patients, in particular in those who
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are positive for both antibodies with high levels. The potential
gain from successful treatment compared to natural disease
progression is thought to be greater in such patients, creating a
more favorable risk-benefit ratio for aggressive anti-
rheumatic therapy.

This practice likely contributes to a better prognosis in
seropositive patients in recent years, and a reduced difference
in the overall disease impact compared to seronegative RA.
Studies of inception cohorts of patients with RA in Sweden
demonstrated an association between ACPA and disease activity
over time among those diagnosed in 1996-1999, but not in those
diagnosed in 2006-2009 (116). Furthermore, whereas earlier
studies reported a more pronounced general loss of bone mass
in seropositive RA (117, 118), more recent inception cohort
studies did not demonstrate any difference in change of bone
mineral density over time in ACPA positive compared to ACPA
negative RA (119).

ACPA and RF in Prediction of Outcome of
Pharmacotherapy
There is also some evidence indicating that ACPA and RF may
be useful in the prediction of response to treatment with
DMARDs. Such predictive value is particularly relevant for
bDMARDs or tsDMARDs, as these are mainly used as second-
line agents and are substantially more costly that conventional
DMARDs, such as methotrexate. However, the available
evidence and the relation between serologic status and
treatment outcome is highly variable for different drugs
(Table 1).

Observational studies indicate that there is no major
difference in the efficacy of treatment with tumor necrosis
factor inhibitors (TNFi) between patients that are seropositive
or seronegative for RF or ACPA (120–122). This is compatible
with the well-established efficacy of TNFi overall not only in
treatment of RA, but also for seronegative conditions such as
psoriatic arthritis (PsA), psoriasis, axial spondyloarthritis
(axSpA) and inflammatory bowel disease.

Regarding treatment directed against interleukin-6 (IL-6), using
the monoclonal anti-IL-6 receptor antibodies tocilizumab and
sarilumab, the data are conflicting. A recently published pooled
analysis of data from 16 national registers showed a slightly higher
proportion attaining clinical remission among seropositive patients
after treatment with tocilizumab (Table 2), but seronegativity did
not predict discontinuation of tocilizumab (124).

Most studies suggest that ACPA positive patients with RA are
more likely to have a favorable long term outcome of treatment
with the CTLA4-based bDMARD abatacept compared to ACPA
negative patients (121, 123, 124). In the large observational study
of pooled register data, the greatest difference in remission rate
for seropositive vs. seronegative patients was observed for the B-
cell depleting anti-CD20 antibody rituximab (124) (Table 2).
This is in agreement with previous results from both randomized
controlled trials (RCTs) (128) and observational studies (123),
although the magnitude of the difference varies. As abatacept
blocks T-cell activation, indirectly influencing interaction
between T-cells and antibody producing B-cells, and rituximab
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depletes populations of active B-cells, it is not surprising that
these drugs should be somewhat more effective in patients with
RA that are seropositive for ACPA or RF.

Data on the tsDMARDs that block the intracellular Janus
kinases (JAK), which were introduced more recently than the
bDMARDs discussed above, are more limited. Results from the
phase III clinical trial program of tofacitinib suggest that they
may be slightly more effective in seropositive patients (130). As
JAK-inhibition has a wide variety of anti-inflammatory effects,
and JAK-inhibitors have been shown to be effective also in the
seronegative disorders PsA and axSpA, a minor predictive effect
of ACPA and RF would be expected in this context.

DISCUSSION

We suggest that diagnostic specificities should be harmonized for
RF and ACPA tests, and that both groups of assays should be
aligned with comparable diagnostic specificities within a defined
interval between 98-99% in comparison with healthy controls. The
Frontiers in Immunology | www.frontiersin.org 11
responsibility for establishment of these cut-offs lies with the
manufacturing companies, as a large group of healthy controls is
needed to establish this high specificity. Such alignment is not in
conflict with the current directions for cut-off setting in
RA classification.

Complementing these harmonized cutoffs with information
about test result-specific likelihood ratios with substantially
increase the richness and information value of autoantibody
data delivered from the laboratories to the clinicians. It is
however conditioned on a change in mindset as clinical
physicians have to interpret autoantibody results on ordinal or
interval scales. Definition of commensurable likelihood ratios
postulates that all compared assays have been compared using
the same patient and control populations. Establishment of a
serum bank with samples from an international reference
population of RA patients and controls for estimation of
comparable likelihood ratios would be beneficial in this regard.

Among the RA-related autoantibodies, ACPA has the most
pronounced prognostic value concerning RA onset among
symptomatic risk patients. And although the risk of RA onset is
low in seronegative arthralgia patients, it needs to be stressed that
when a patient does present with arthritis, seronegative RA must
not be forgotten. Due to lack of evidence in prospective studies, and
for cost-benefit reasons, we recommend clinicians to avoid routinely
repeated autoantibody measurements in risk populations.

Testing for ACPA is well established in the work-up of early
undifferentiated arthritis. In patients diagnosed with RA, both
ACPA and RF are associated with increased risk of severe disease
progression. Initiation of bDMARDs that directly influence
lymphocyte function, in particular rituximab and abatacept, is
more likely to result in a major treatment response in ACPA
positive patients, whereas no such difference has been observed
for TNF inhibitors. Further studies of the relation between
autoantibody profiles and treatment outcomes, combined with
investigation of other biomarkers and genetics, may contribute to
a more personalized approach to the treatment of RA in
the future.
TABLE 1 | Summary of evidence for predictive value of ACPA and RF for outcome of treatment with bDMARDs and tsDMARDs in rheumatoid arthritis.

Drug/Class of
drugs

Prediction of response Evidence base References

TNF inhibitors No predictive value SLRs with meta-analyses of observational studies (120–122)
IL-6 inhibitors Conflicting evidence;

No predictive value or slightly better efficacy in RF/ACPA positive
patients

SLR with meta-analysis of RCTs and observational studies
(tocilizumab)
Observational studies (tocilizumab)
Pooled data from RCTs (sarilumab)

(123)
(124–127)

Abatacept Some evidence for modestly better efficacy in ACPA positive
patients

SLRs with meta-analysis of observational studies
Large observational study of pooled register data

(121, 123)
(124)

Rituximab Better efficacy in RF/ACPA positive patients RCTs
SLR with meta-analysis of RCTs and observational studies
Large observational study of pooled register data

(128)
(123)
(124)

JAK-inhibitors No predictive value of ACPA (baricitinib)
Better efficacy in seropositive as compared to seronegative patients
(tofacitinib).

Observational register study (baricitinib)
Pooled data from RCTs (tofacitinib).

(129)
(130)
May 2021 | Volume 12 | A
bDMARD, biologic disease-modifying anti-rheumatic drug, ACPA, anti-citrullinated protein/peptide antibodies; RF: rheumatoid factor, SLR, systematic literature review; RCT,randomized
controlled trial; tsDMARD, targeted synthetic disease-modifying anti-rheumatic drug.
TABLE 2 | Adjusted differences in proportions with LUNDEX corrected clinical
remission* for patients with seropositive** vs. seronegative RA, for different
biologic DMARDs.

Drug/Class of drugs Adjusted*** difference
– seropositive vs seronegative

95% CI

TNF inhibitor -0.1% -0.3, 0.2
Abatacept 1.5% 1.1, 1.9
Tocilizumab 0.9% 0.3, 1.5
Rituximab 5.9% 4.7, 7.3
*Proportions remaining on drug at 1 year, with Clinical Disease Activity Index (CDAI) ≤ 2.8
**RF and/or ACPA positive
***Adjusted for age, sex, smoking (yes/no), BMI for TNF inhibitors, abatacept and
tocilizumab (but not for rituximab), for calendar year of treatment start, country,
concomitant treatment with csDMARDs and glucocorticosteroids, number of previous
bDMARDs and disease characteristics (baseline values for disease activity and disease
duration) for all.
Pooled analysis from 16 European registers (124).
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127. Narváez J, Magallares B, Dıáz Torné C, Hernández MV, Reina D, Corominas H,
et al. Predictive Factors for Induction of Remission in Patients With Active
Rheumatoid Arthritis Treated With Tocilizumab in Clinical Practice. Semin
Arthritis Rheum (2016) 45(4):386–90. doi: 10.1016/j.semarthrit.2015.07.001

128. Cohen SB, Emery P, Greenwald MW, Dougados M, Furie RA, Genovese MC,
et al. Rituximab for Rheumatoid Arthritis Refractory to Anti-Tumor
Necrosis Factor Therapy: Results of a Multicenter, Randomized, Double-
Blind, Placebo-Controlled, Phase III Trial Evaluating Primary Efficacy and
Safety At Twenty-Four Weeks. Arthritis Rheum (2006) 54(9):2793–806.
doi: 10.1002/art.22025

129. Takahashi N, Asai S, Kobayakawa T, Kaneko A, Watanabe T, Kato T, et al.
Predictors for Clinical Effectiveness of Baricitinib in Rheumatoid Arthritis
Frontiers in Immunology | www.frontiersin.org 16
Patients in Routine Clinical Practice: Data From a Japanese Multicenter
Registry. Sci Rep (2020) 10(1):21907. doi: 10.1038/s41598-020-78925-8

130. Bird P, Hall S, Nash P, Connell CA, Kwok K, Witcombe D, et al. Treatment
Outcomes in Patients With Seropositive Versus Seronegative Rheumatoid
Arthritis in Phase III Randomised Clinical Trials of Tofacitinib. RMD Open
(2019) 5(1):e000742. doi: 10.1136/rmdopen-2018-000742

Conflict of Interest: JR has been a member of the scientific advisory board for
Thermo Fisher Scientific, and has research collaboration with the diagnostic
companies Thermo Fischer Scientific, Inova Diagnostics, Euroimmun and
Theradiag. CT has received a research grant from Bristol-Myers Squibb,
consultancy fees from Roche, and speaker’s honoraria from Abbvie, Bristol-
Myers Squibb, Nordic Drugs, Pfizer and Roche. AK has received speaker’s
honoraria from Werfen and was previously employed by Sanofi.

The handling editor declared a past co-authorship with one of the authors, JR.

Copyright © 2021 Rönnelid, Turesson and Kastbom. 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.
May 2021 | Volume 12 | Article 685312

https://doi.org/10.1093/rheumatology/keaa393
https://doi.org/10.1093/rheumatology/ket301
https://doi.org/10.1186/s13075-020-02194-z
https://doi.org/10.1016/j.semarthrit.2015.07.001
https://doi.org/10.1002/art.22025
https://doi.org/10.1038/s41598-020-78925-8
https://doi.org/10.1136/rmdopen-2018-000742
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Autoantibodies in Rheumatoid Arthritis – Laboratory and Clinical Perspectives
	Introduction
	Laboratory Perspectives
	Autoantibodies in Diagnostic and Classification Criteria for Rheumatoid Arthritis
	Laboratory Techniques Used to Measure RF
	Clinically Used Assays for ACPA Determination
	Non-Criteria Autoantibodies in RA
	International Reference Preparations for RF and ACPA
	Standardization of Autoantibody Analyses in the Clinical Laboratory
	Variability Between Methods to Measure RF and ACPA

	How Cut-Offs for RF and ACPA Are Determined
	Alternative Approaches to Report Results for RF and ACPA to the Physicians

	Clinical Perspectives
	Autoantibodies in Patients at Increased Risk of RA
	Autoantibodies Before RA Diagnosis
	Do Antibody Levels Matter?
	Is There a Value of Repeated Autoantibody Testing in Symptomatic At-Risk Patients?

	Autoantibodies in Diagnosis and Prognosis of RA
	ACPA and RF in Prediction of Outcome of Pharmacotherapy

	Discussion
	Author Contributions
	Funding
	Acknowledgments
	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 false
  /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 false
  /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 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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


