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Chapter 1

RHEUMATOID ARTHRITIS

Rheumatoid arthriƟs (RA) is a severe autoimmune disease of unknown eƟology that 
symmetrically aīects the small diarthrodial joints of the hands and feet. Its prevalence 
is esƟmated to aīect approximately 0.5-1% of the global populaƟon, making it one of 
the most prevalent autoimmune diseases worldwide (1). RA typically manifests with 
symptoms such as joint pain, swelling, sƟīness, and faƟgue, profoundly impacƟng 
paƟents’ quality of life and producƟvity. If leŌ untreated, it leads to progressive joint 
damage and disability. Moreover, RA is associated with a range of comorbidiƟes, 
including cardiovascular diseases, osteoporosis, and systemic inŇammaƟon, further 
exacerbaƟng its burden on aīected individuals (2). Central to the disease process is 
the acƟvaƟon of innate and adapƟve immune cells, leading to the producƟon of pro-
inŇammatory cytokines, chemokines, and autoanƟbodies. Below, the most important 
autoanƟbodies are described, with what is currently known about their role in 
pathogenesis and disease propagaƟon.

AUTOANTIBODIES

RA is broadly classiĮed into seroposiƟve and seronegaƟve RA based on the presence 
or absence of speciĮc autoreacƟve anƟbodies in paƟents’ serum. SeroposiƟve RA is 
characterized by the presence of rheumatoid factor (RF) and/or anƟ-citrullinated protein 
anƟbodies (ACPAs), whereas seronegaƟve RA lacks these convenƟonal autoanƟbodies. 
SeroposiƟve RA is associated with more aggressive disease phenotypes, higher disease 
acƟvity, increased radiographic progression, and poorer treatment responses compared 
to seronegaƟve RA (3, 4). AutoanƟbodies are also thought to play a crucial role in the 
pathogenesis of RA, and several types have been idenƟĮed, each with disƟnct targets 
and clinical signiĮcance, described below.

Rheumatoid factor

RF was the Įrst autoanƟbody associated with RA and is detected in approximately 
60-70% of paƟents. RF is a hallmark autoanƟbody in RA, integral to major classiĮcaƟon 
criteria such as the 1987 American College of Rheumatology (ACR) criteria and the 
2010 ACR/European League Against RheumaƟsm (EULAR) criteria (5, 6). RF posiƟvity is 
associated with more severe disease manifestaƟons, including increased joint damage 
and extra-arƟcular complicaƟons (7). RF targets the Fc region of IgG and comprises 
various isotypes, with IgM being the most prevalent (8). Although its role in RA 
pathogenesis is not fully elucidated, RF likely contributes to immune complex formaƟon, 
parƟcularly in the synovial Ňuid, where high-aĸnity RF may perpetuate inŇammaƟon 
by sƟmulaƟng proinŇammatory cytokine producƟon (9, 10).



9

IntroducƟon

AnƟ-citrullinated protein anƟbodies
ACPAs are highly speciĮc biomarkers for RA, are detected in approximately 70-80% 
of paƟents, and occur rarely in individuals without RA (11, 12). ACPAs target citrulline 
residues on proteins or pepƟdes, a post-translaƟonal modiĮcaƟon mediated by pepƟdyl 
arginine deiminases (PADs), converƟng arginine to citrulline (13). ACPAs recognize a 
plethora of citrullinated proteins, including Įbrinogen, vimenƟn, α-enolase, and collagen 
type II, among others, and show marked isotype usage (14, 15). Their presence overlaps 
largely with that of RF IgM, and they are similarly incorporated with RA classiĮcaƟon 
criteria menƟoned above in the form of the clinical anƟ-CCP2 or CCP3 test, which 
measures ACPA directed to a diverse spectrum of citrullinated pepƟdes (16, 17). ACPA 
posiƟvity correlates with more severe disease phenotypes, increased radiographic 
progression, and poorer treatment responses (18, 19).

Other anƟ-modiĮed protein anƟbodies
Besides RF and ACPAs, a growing number of anƟ-modiĮed protein anƟbodies (AMPAs) 
conƟnue to be discovered which target other post-translaƟon modiĮcaƟons of pepƟdes 
(Figure 1). AnƟ-carbamylated protein anƟbodies (anƟ-CarP) have emerged as novel 
autoanƟbodies in RA and are detected in approximately 30-40% of paƟents (20). 
CarbamylaƟon is a chemical modiĮcaƟon involving the conversion of lysine residues 
to homocitrulline in proteins, mediated by myeloperoxidase and other reacƟve 
oxygen species in diverse states of inŇammaƟon (21). AnƟ-CarP anƟbodies recognize 
carbamylated proteins and have been implicated in RA pathogenesis, although their 
precise mechanisms of acƟon remain to be elucidated. AnƟ-CarP posiƟvity has been 
associated with more severe joint damage and radiographic progression, independent 
of ACPA status, suggesƟng their potenƟal as prognosƟc biomarkers in RA (20, 22, 23).

AnƟ-acetylated protein anƟbodies (AAPA) are anƟbodies targeƟng acetylated proteins, 
which are formed by the acetylaƟon of lysine residues (24). AcetylaƟon is a reversible 
post-translaƟonal modiĮcaƟon regulated by histone acetyltransferases and histone 
deacetylases. AAPA posiƟvity has been observed in RA paƟents, although its clinical 
signiĮcance and funcƟonal role in disease pathogenesis is unclear.

AnƟ-malondialdehyde-acetaldehyde adduct anƟbodies (anƟ-MAA) are anƟbodies 
targeƟng adducts formed by the reacƟon of malondialdehyde (MDA) and acetaldehyde 
with lysine in proteins(25). These adducts are generated under condiƟons of oxidaƟve 
stress and lipid peroxidaƟon, which are prevalent in RA synovium(26, 27). AnƟ-MAA 
anƟbodies have been detected in RA paƟents, parƟcularly those with severe disease 
and extra-arƟcular manifestaƟons (25, 28, 29). However, anƟ-MAA/MDA anƟbodies are 
not RA-speciĮc and can be found in many other condiƟons as well. Nonetheless, they 
are thought to contribute to RA pathogenesis by promoƟng inŇammaƟon, endothelial 
dysfuncƟon, and Ɵssue damage, although further studies are needed to determine 
their exact role.

1
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Figure 1: Post-translaƟonal modiĮcaƟons on arginine and lysine

AUTOANTIBODY CHARACTERISTICS IN RA

A growing body of evidence points to the importance of AMPAs and especially ACPAs in 
the pathogenesis of RA. ACPAs can be detected in the sera of RA paƟents years before 
the onset of clinical symptoms, implicaƟng their involvement in the preclinical stages 
of disease development (30, 31). ACPAs have also been idenƟĮed in individuals with 
recent-onset clinically suspect arthralgia, with a posiƟve predicƟve value exceeding 
60%(32). However, at this early stage, ACPA Ɵters are typically low, and their pepƟde 
recogniƟon proĮle is limited(33, 34). As individuals progress towards disease onset, 
ACPA Ɵters and pepƟde-recogniƟon proĮles undergo substanƟal expansion, indicaƟve 
of an acƟve immune response and suggesƟng a role for ACPAs in precipitaƟng disease 
onset. The eĸcacy of selecƟve B-cell depleƟon therapies in treaƟng RA provides 
compelling evidence for the involvement of B cells and possibly autoanƟbodies(35), 
including ACPAs, in driving the chronicity of RA.

The recogniƟon proĮle of ACPAs is diverse, with these anƟbodies targeƟng a variety of 
citrullinated anƟgens. Epitope spreading, characterized by an increase or shiŌ in the 
anƟgen recogniƟon proĮle, may have important pathophysiological consequences as it 
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does in other autoimmune disease like pemphigus (36), potenƟally exacerbaƟng disease 
severity and progression. While speciĮc anƟ-citrullinated epitope or protein reacƟvity 
predicƟve of disease course in RA have not been conclusively idenƟĮed, the breadth of 
ACPA recogniƟon proĮles may oīer insights into disease heterogeneity and progression.

Isotype switching further enhances the funcƟonal diversity of AMPAs in RA paƟents 
before disease onset (37-39). InteresƟngly, the avidity maturaƟon of ACPAs and anƟ-
CarP diīers from convenƟonal anƟbody responses, with these autoanƟbodies exhibiƟng 
relaƟvely low avidity despite extensive isotype switching (40, 41). LiƩle is as of yet 
known about other AMPA families in this regard. ACPA also exhibit an addiƟonal unusual 
feature of containing addiƟonal glycans in the variable anƟbody domains, notably 
increased in RA and predicƟve for disease progression (42, 43). These discrepancy 
suggests that the regulaƟon of ACPA responses may diīer from that of convenƟonal 
anƟbody responses, highlighƟng the unique immunological characterisƟcs of ACPAs 
in RA. It is expected that similar invesƟgaƟons will following for the characterisƟcs in 
the other AMPAs.

RISK FACTORS FOR RA AND AUTOANTIBODY FORMATION

Understanding the temporal evoluƟon of autoanƟbodies described above and 
its potenƟal role in RA development requires consideraƟon of both geneƟc and 
environmental risk factors. Among the various geneƟc risk factors implicated in RA, 
human leukocyte anƟgen (HLA) is the most prominent. SpeciĮcally, a common amino 
acid sequence at posiƟon 70-74 of the HLA-DRB1 molecule, referred to as the “shared 
epitope” (HLA-SE), has been strongly linked to the development of ACPA-posiƟve but 
not ACPA-negaƟve RA (44). Notably, HLA-SE also does not predispose to the rare state 
of ACPA-posiƟvity in the absence of RA, but rather associates only with ACPA-posiƟve 
RA (45). AddiƟonally HLA-SE is speciĮcally associated with the presence of variable-
domain glycosylated ACPA during the pre-disease phase (46), which may have various 
implicaƟons (beyond the scope of this introducƟon) in the process of autoreacƟve ACPA 
B-cell survival. Conversely, certain alleles of HLA-DRB1, such as HLA-DRB1*13, have 
been idenƟĮed as protecƟve against seroposiƟve RA development (47), suggesƟng a 
complex interplay between HLA alleles and disease suscepƟbility.

Environmental risk factors, such as tobacco smoking and inhalant exposures, also 
demonstrate stronger associaƟons with ACPA-posiƟve RA(48-50). Of parƟcular 
interest is the gene-environment interacƟon between HLA-SE alleles and smoking 
(51), suggesƟng a potenƟal role for smoking-induced citrullinaƟon in RA pathogenesis. 
Other evidence implicates mucosal sites like the periodonƟum and the microbiome of 
the intesƟnal tract(52, 53), as well as female sex hormones(54) as potenƟal factors in 
autoimmune iniƟaƟon in RA.

1
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TREATMENT CHALLENGES

RA is not a new disease. RA has been demonstrated in paleopathological studies of 
human remains daƟng back to 4000BCE, and Įndings suggesƟve of RA appear in 17th 
century Dutch art (55, 56). Despite its long history, the disease processes underlying 
RA remained virtually untreatable unƟl as recently as 50 years ago, and paƟents could 
expect only limited symptomaƟc relief from the debilitaƟng pain, loss of funcƟon, 
and systemic complicaƟons that the disease causes. Since then, huge advances have 
been made in eīecƟve therapies that not only address symptoms, but also halt the 
persistent, uncontrolled inŇammaƟon and associated disease progression, termed 
disease modifying anƟ-rheumaƟc drugs (DMARDs) (57). Novel biologic and small-
molecule agents have further augmented the rheumatologists therapeuƟc arsenal, 
together with a treat-to-target approach, and disease remission is achievable in an 
increasing numbers of paƟents (58).

However, all of these treatments have side-eīects that are oŌen not insigniĮcant. A 
growing need exists to allow paƟents to aƩempt to taper their DMARDs but remain 
symptom free, termed drug free remission (DFR)(59). However, only 10-20% of paƟents 
are able to achieve and retain this loŌy treatment goal (60), and disease Ňare following 
unsuccessful DMARD tapering may exacerbate disease burden, though thankfully, 
paƟents who experience a disease Ňare are virtually always able to recapture remission 
(61). IdenƟfying factors predicƟng disease Ňare post-DMARD tapering could opƟmize 
clinical decision-making.

Sustained DFR is also interesƟng from a pathophysiological standpoint, since it 
most closely approximates the holy grail of RA treatment outcomes: a cure. If DFR is 
sustained, perhaps it idenƟĮes a form of a true state of disease remission, without the 
need for treatment, in which the underlying autoimmune processes that iniƟated and 
propagated disease, have been durably dampened and immune tolerance has been 

re-established. IdenƟfying factors which are prognosƟcally favorable for this outcome, 
could then shed light on which mechanisms in RA are important in perpetuaƟng disease, 
and improve treatment by targeƟng those mechanisms (62).

AMPA AND TREATMENT OUTCOMES

Given their presence and evoluƟon over Ɵme in pre-diseases states, it is understandable 
that there is much interest in the prognosƟc value of autoanƟbody characterisƟcs in 
RA once RA has manifested. AutoanƟbody seroposiƟvity is associated with poorer 
treatment outcomes and radiographic damage (18, 19, 63). However, given the 
diversity of the RA autoanƟbody proĮle, with its varied autoanƟgen recogniƟon 
and extensive isotype switching, the breadth of this proĮle may also be important. 
Furthermore, serum autoanƟbody levels may Ňuctuate. In other autoimmune diseases 
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like systemic lupus erythematosus, these ŇuctuaƟons correlate with disease acƟvity, 
and are monitored over Ɵme to inform clinical decision-making (64). If such ŇuctuaƟons 
in serum autoanƟbody concentraƟons also occur in RA, they may hold promise as 
accessible biomarkers for disease course predicƟon.

Unfortunately, conŇicƟng studies regarding the relaƟonship between autoanƟbody 
ŇuctuaƟons and disease acƟvity, oŌen not accounƟng for immunosuppressive treatment 
intensity, complicate interpretaƟon. Most studies have shown that RF (IgM, IgA, and 
IgG) levels decrease aŌer treatment iniƟaƟon with diīerent DMARD classes, while anƟ-
CCP2 (IgG) levels decrease only marginally, rebound aŌer decreasing, or do not decrease 
at all, but did not account for treatment eīects (65-71). Virtually nothing was known, at 
the start of the studies described in this thesis, about the prognosƟc value of changes 
in AMPA characterisƟcs (isotype usage, epitope recogniƟon, and seroconversion to 
negaƟve, to name a few) over Ɵme, and newer autoanƟbodies like anƟ-CarP, Similar 
reŇecƟons apply to AAPAs, and anƟ-MAA and also these also warranted consideraƟon.

Understanding the clinical implicaƟons of changes in autoanƟbody levels is crucial. If 
autoanƟbody levels predict future disease acƟvity, measuring pre-treatment values 
or monitoring changes over Ɵme could guide treatment decisions. AddiƟonally, 
invesƟgaƟng the associaƟon between autoanƟbody changes, immunosuppression, and 
disease acƟvity could provide insights into the role of B cell autoimmune response in 
RA persistence.

CALPROTECTIN: A NEW PROGNOSTIC BIOMARKER

Not only AMPAs have been invesƟgated as possible biomarkers for predicƟng RA 
course: calprotecƟn, a heterodimeric complex of S100 calcium-binding proteins (MRP-8 
and MRP-14), shows promise as a biomarker in RA (72, 73). Although conceptually 
similar to convenƟonal inŇammatory indices like erythrocyte sedimentaƟon rate (ESR) 
and C-reacƟve protein (CRP), it may serve as a more sensiƟve marker of the disease 
acƟvity in rheumaƟc illnesses because it directly reŇects inŇammaƟon in synovium 
and signiĮcantly increases during acƟve inŇammaƟon (74, 75). MulƟple studies 
recently reviewed suggest its potenƟal in various inŇammatory disorders, including 
RA, ankylosing spondyliƟs, psoriaƟc arthriƟs, and systemic lupus erythematosus (76). 
InteresƟngly, calprotecƟn has also been implicated in predicƟng disease relapses in 
juvenile idiopathic arthriƟs (77, 78). TheoreƟcally, its presence in synovial Ɵssue and its 
ability to enter systemic circulaƟon may make it a more speciĮc and reliable marker for 
residual joint inŇammaƟon than hepatocyte-dependent acute-phase reactants like CRP 
(79). Perhaps by measuring calprotecƟn in paƟents in stable remission under DMARDs, 
we may paƟents at risk of future disease Ňare aŌer DMARD tapering and facilitate risk 
straƟĮcaƟon to predict whether DMARD tapering will be successful.

1
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CANCER IMMUNOTHERAPY & AUTOIMMUNITY

While the Įeld of rheumatology and RA boomed with new autoanƟbody discoveries, 
breakthroughs were also being made in a completely diīerent Įeld: cancer 
immunotherapy, in the form of immune checkpoint inhibitors (ICIs). Broadly speaking, 
ICIs work by blocking the body’s natural mechanisms for T-cell inhibiƟon, be it via 
cytotoxic T-lymphocyte–associated protein 4 (CTLA-4), programmed cell death protein 
1 (PD-1), or its ligand PD-L1, to promote an anƟtumor immune response. Ipilimumab, 
an anƟ-CTLA-4 monoclonal anƟbody, was the Įrst of its kind in advanced metastaƟc 
melanoma (80), and it and its brothers have provided signiĮcant survival beneĮts over 
tradiƟonal chemotherapies for a wide range of advanced malignancies (81).

What is intriguing about this anƟ-cancer therapy is that by inducing immune anƟtumor 
eīects, ICIs also induce unintended autoimmune side-eīects in as many as 80% of 
paƟents, termed immune-related adverse events (irAEs)(82, 83). These irAEs can occur 
in virtually any organ system, can be severe enough to warrant ICI cessaƟon or even 
cause long-term damage, and are diĸcult to predict(84). Because of this phenomenon, 
irAEs draw comparisons to many tradiƟonal autoimmune diseases, such as viƟligo, 
ulceraƟve coliƟs, Hashimoto thyroidiƟs, and even rheumatoid arthriƟs. In irAEs following 
ICI treatment, we have, in eīect, a human model for inducƟon of autoimmunity, and its 
potenƟal overlap in the Įeld of rheumaƟc autoimmune studies is promising indeed. At 
the start of the studies described in this thesis, the nature of the autoimmune response 

induced following ICI in general, and the autoanƟbody response more speciĮcally, was 
sƟll ill deĮned and therefore important to invesƟgate both from a clinical- and basic/
translaƟonal scienƟĮc view.

OUTLINE OF THIS THESIS

Main aims

•	 To characterize the relaƟonship of geneƟc and environmental risk factors with 
the AMPA proĮle in diīerent populaƟons of RA

•	 To describe the longitudinal changes in characterisƟcs of the AMPA proĮle, 
and invesƟgate its prognosƟc value regarding early treatment outcomes and 
drug-free remission

•	 To assess calprotecƟn as a marker of residual inŇammaƟon in paƟents in 
disease remission and as clinical tool in tapering DMARDs

•	 To invesƟgate autoanƟbody formaƟon and its relaƟon to irAEs in ICIs

As described above, RA autoanƟbodies play diverse roles in the pathogenesis of RA, 
reŇecƟng the complex interplay between geneƟc predisposiƟon, environmental 
factors, and dysregulated immune responses. Understanding the intricate mechanisms 
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underlying RA pathogenesis, heterogeneity, and autoanƟbody proĮles is crucial for 
advancing precision medicine approaches, improving paƟent outcomes, and developing 
targeted therapies tailored to individual disease subtypes and phenotypes.

In Chapter 2, we examined AMPAs in four diīerent seroposiƟve RA populaƟons from 
across the world. These populaƟons were vastly diīerent in terms of geneƟc background, 
smoking habits, and environmental exposures. By studying the diīerences in the AMPA 
proĮle of these paƟent – or, perhaps more interesƟngly, their commonaliƟes – and the 
relaƟonship of AMPA to known RA risk factors, we were able to invesƟgate whether 
divergent or common pathways are at play in the development of seroposiƟve RA.

The studies described in chapters 3 through 5 concern the theragnosƟc value of various 
elements of the AMPA proĮle. Because seroposiƟvity is such an evident poor prognosƟc 
factor for various treatment outcomes, we measured various aspects of AMPAs in 
seroposiƟve RA in an aƩempt to understand which part of the AMPA proĮle most 
strongly confers this poor prognosis. For this, we used data and serum from paƟents 
from the InducƟon therapy with Methotrexate and Prednisone in Rheumatoid Or Very 
Early arthriƟc Disease (IMPROVED) study, a mulƟcentre, randomized controlled trial 
that enrolled 610 paƟents with untreated RA or undiīerenƟated arthriƟs (85). We 
measured fourteen diīerent RA autoanƟbodies, comprising eight isotypes and six Įne 
speciĮciƟes within four AMPA families, and aƩempted to dissect whether the presence 
of one, many, or a speciĮc combinaƟon of many AMPAs was related to prognosis. 
SpeciĮcally, we focused on early response to DMARD therapy and long-term ability to 
achieve drug-free remission.

The invesƟgaƟons in Chapter 4 and 5 characterize the changes of autoanƟbodies 
over Ɵme, and the possible prognosƟc value thereof. In these chapters, the concept 
of immunological remission, described above, is central. At the moment, DFR is the 
closest proxy for disease cure available in RA, but true curaƟon has not yet been 
achieved. AutoanƟbodies, inƟmately linked with disease iniƟaƟon and pathogenesis, 
may change over Ɵme, but details are lacking. It is possible that changes in these AMPAs 
may set apart a group of paƟents in whom the underlying immunopathology has been 
favourably modulated, that is, paƟents in true immunological remission (86), and that 
this state of remission is favorable for achieving long term DFR. Such a relaƟonship could 
yield a meaningful prognosƟc marker for drug tapering decisions, and it could elucidate 
pathways that lead to long-term resoluƟon of the pathophysiology underlying RA.

wIn Chapter 4, this relaƟonship was examined in the form of seroconversion from 
posiƟve to negaƟve for the fourteen autoanƟbodies menƟoned above, while in 
Chapter 5, emphasis was put in level changes over Ɵme, and a direct relaƟonship with 
immunosuppression was also examined.

1
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In a similar theme, Chapter 6 focused on the value of calprotecƟn as a marker of residual 
inŇammaƟon in RA paƟents in remission to idenƟfy paƟents with favorable chances 
for DFR. This study made use of the previously menƟoned IMPROVED study and of 
similarly designed RETRO study (acronym for the ReducƟon of Therapy in PaƟents with 
Rheumatoid ArthriƟs in Ongoing Remission)(87). We evaluated whether calprotecƟn 
alone, or its addiƟon to other clinical predictors associated with disease Ňare within 1 
year of study-randomized tapering decisions.

At the Ɵme of the publicaƟon of chapter 7, liƩle was known about autoanƟbody 
producƟon in irAEs, and only case studies post-ICI treatment had been published. We set 
about characterizing the presence of a wide spectrum of organ-speciĮc autoanƟbodies 
before and aŌer ICI treatment, and analyzed whether the development of autoanƟbodies 
was related to treatment outcomes or toxicity. Understanding how irAEs develop has 
two-fold signiĮcance: Įrst, organ-speciĮc autoanƟbodies have the potenƟal to serve as 
biomarkers for the development of irAEs, and second, invesƟgaƟng their development 
in paƟents with irAEs may provide insights into the role of autoanƟbodies in the onset 
of new autoimmune condiƟons, such as rheumatoid arthriƟs.
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ABSTRACT

Background
Rheumatoid arthriƟs (RA) occurs across the globe in diīerent ethnic populaƟons. Most 
RA paƟents harbor anƟ-modiĮed protein anƟbodies (AMPA); however, it is unclear 
whether diīerences exist in autoanƟbody responses at diīerent geographic locaƟons 
and between diīerent ethnic groups, which could provide new clues regarding factors 
underlying autoanƟbody development. We therefore invesƟgated AMPA prevalence 
and associaƟon with HLA DRB1 alleles and smoking in four ethnically diverse populaƟons 
on four diīerent conƟnents.

Methods
AnƟ-carbamylated (anƟ-CarP), anƟ-malondialdehyde acetaldehyde (anƟ-MAA), 
and anƟ-acetylated protein anƟbodies (anƟ-AcVim) IgG were determined in anƟ-
citrullinated protein anƟbody-posiƟve Dutch (NL, n = 103), Japanese (JP, n = 174), 
First NaƟons Peoples in Canada (FN, n = 100), and black South African (SA, n = 67) RA 
paƟents. Ethnicity-matched local healthy controls were used to calculate cut-oīs. Risk 
factors associated with AMPA seroposiƟvity in each cohort were idenƟĮed using logisƟc 
regression.

Results
Median AMPA levels were higher in First NaƟons Peoples in Canada and especially South 
African paƟents, as reŇected by percentage seroposiƟvity: NL, JP, FN, and SA: anƟ-CarP: 
47%, 43%, 58%, and 76% (p < 0.001); anƟ-MAA: 29%, 22%, 29%, and 53% (p < 0.001); 
and anƟ-AcVim: 20%, 17%, 38%, and 28% (p < 0.001). Total IgG levels also diīered 
markedly, and when autoanƟbody levels were normalized to total IgG, diīerences 
between cohorts became less pronounced. Although there were some associaƟons with 
AMPA and HLA risk alleles and smoking, none was consistent across all four cohorts.

Conclusions
AMPA against various post-translaƟonal modiĮcaƟons could consistently be detected 
on diīerent conƟnents across ethnically diverse RA populaƟons. Diīerences in AMPA 
levels corresponded to diīerences in total serum IgG levels. This suggests that, despite 
diīerences in risk factors, a common pathway may be involved in AMPA development 
across geographic locaƟons and ethniciƟes.
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INTRODUCTION

R heumatoid arthriƟs (RA) is a chronic autoimmune disease of unknown eƟology that 
mainly aīects the joints and is associated with circulaƟng autoanƟbodies. Several RA-
associated autoanƟbodies recognize protein epitopes that have been post-translaƟonally 
modiĮed, and are therefore known as anƟ-modiĮed protein anƟbodies or AMPAs. The 
best-known post-translaƟonal modiĮcaƟon (PTM) in RA is the enzymaƟc conversion 
of arginine to citrulline, which is recognized by anƟ-citrullinated protein anƟbodies or 
ACPA. More recently, other autoanƟbody systems have also gained aƩenƟon, including 
anƟ-carbamylated protein anƟbodies (anƟ-CarP) recognizing homocitrulline-containing 
anƟgens, anƟ-acetylated pepƟde anƟbodies (AAPA) recognizing acetylated lysine, and 
anƟ-malondialdehyde-acetaldehyde anƟbodies (anƟ-MAA) recognizing proteins that 
are modiĮed by adducts formed under oxidaƟve stress (1-3).

The discovery of AMPA, and in parƟcular ACPA, has had a great impact on current 
pathophysiological hypotheses regarding RA, due to ACPA’s striking associaƟon with 
classical RA risk factors. The most important geneƟc risk factor for RA, the HLA shared 
epitope (SE) alleles (or the amino acids in disƟnct HLA DBR1 posiƟons of these alleles) 
is now known to be primarily associated with the ACPA-posiƟve subset of disease (4). 
This has given rise to hypotheses of diīerent pathophysiological mechanisms underlying 
ACPA-posiƟve versus ACPA-negaƟve RA. Although a similar predilecƟon for ACPA-
posiƟve RA has also been described with regard to smoking, more recent reports 
support the view that smoking is more strongly associated with rheumatoid factor 
and concurrent presence of mulƟple anƟbodies rather than ACPA (5-8).

Despite these insights, the exact eƟological pathways leading to autoanƟbody formaƟon 
are sƟll unclear. It is conceivable that environmental factors may increase the risk for 
the development of autoanƟbodies in a geographic or populaƟon-speciĮc manner, 
as is the case in other autoimmune diseases. For example, research in a speciĮc 
populaƟon of Amerindians in Brazil has led to remarkable insights in fogo selvagem, a 
blistering autoimmune dermatological disease with resemblance to pemphigus. In this 
populaƟon, a high percentage of healthy individuals have low levels of anƟ-desmoglein 
1 anƟbodies which has been found to be strongly associated with infestaƟon with 
black Ňies. Only in individuals carrying HLA suscepƟbility alleles does epitope spreading 
occur, leading to pathogenic anƟbodies directed against parƟcular subdomains of 
desmoglein 1 (9). Because black Ňies occur only endemically and only induce disease 
in geneƟcally suscepƟble locals, this disease is an example of an excepƟonal interplay 
between populaƟon-speciĮc environmental and geneƟc risk factors. In this way, a rare 
environmental factor may be inƟmately involved in disease iniƟaƟon and can possibly 
clarify underlying pathophysiological mechanisms of disease.

2
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This example illustrates that invesƟgaƟng autoanƟbody responses in diverse locaƟons 
and ethnic groups can lead to the elucidaƟon of novel factors playing a role in the 
development of the autoanƟbody response and of the resulƟng disease. RA occurs 
in many ethnically diverse populaƟons around the world, with diīerent geneƟc 
frameworks and environmental exposures. Therefore, we set out to characterize the 
AMPA response in four ethnically diverse RA populaƟons originaƟng from four diīerent 
conƟnents, since diīerences in autoanƟbody presence could point to novel risk factors 
and shed more light on the development of AMPA in RA.

METHODS

Study populaƟon
The study populaƟon consisted of four cohorts of paƟents fulĮlling the 1987 revised 
ACR criteria for RA (10). It was not possible to obtain informaƟon on the fulĮllment of 
the 2010 RA criteria for all cohorts. All paƟents supplied informed consent, and study 
protocols were approved by the relevant local ethics commiƩee.

The Dutch RA paƟents (NL) were part of the Early ArthriƟs Cohort (EAC), a prospecƟve 
cohort iniƟated in 1993 at the Leiden University Medical Center (LUMC) (11, 12). 
PaƟents were of white European ancestry. RA was diagnosed at 1-year follow-up and 
sera used in this study were collected at this Ɵme point. Healthy controls were recruited 
from the Leiden area.

The Canadian paƟents and controls came from an Indigenous North American populaƟon 
in Manitoba: First NaƟons Peoples in Canada (FN), who have an unusually high prevalence 
of RA (13, 14). All paƟents and controls were of self-reported Cree and Ojibway descent. 
Serum was collected either at the baseline visit or at a subsequent visit.

In Japan (JP), RA paƟents and healthy controls of Japanese descent were recruited in a 
cross-secƟonal manner from 5 hospitals in the Kyoto University area (15).

The South African populaƟon (SA) consisted of black RA paƟents with less than 2 years of 
disease duraƟon recruited from two terƟary hospitals in South Africa parƟcipaƟng in the 
Gauteng Rheumatoid EvaluaƟon Assessment Trial (GREAT) (16). South African controls 
were healthy black laboratory and clinical personnel at the University of Witwatersrand.

Clinical data
All included paƟents were ACPA-posiƟve, determined by clinical second- and third-
generaƟon anƟ-CCP enzyme-linked immunosorbent assays (ELISAs) (11, 12, 14-16).

For the Dutch cohort, smoking habits were recorded at the Ɵme of sera collecƟon (or at 
baseline if 1-year data was not available) by a trained research nurse or physician. For 
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the Canadian cohort, paƟents Įlled in an extended smoking history quesƟonnaire at 
inclusion. For the South African and Japanese cohorts, smoking history (ever or never) 
was recorded at inclusion.

HLA four-digit genotyping data was available for most paƟents of each cohort. The SE 
alleles were deĮned as described previously (4). PaƟents were considered SE or HLA-
DRB1*03-posiƟve (which may be related to anƟ-CarP posiƟvity) if they were homo- or 
heterozygous for these alleles.

DetecƟon of serum autoanƟbodies by ELISA
By ELISA, total IgG and four AMPAs were tested: anƟ-CarP fetal calf serum (FCS) IgG, 
anƟ-malondialdehyde acetaldehyde (MAA) FCS IgG, anƟ-acetylated-lysine vimenƟn IgG 
(anƟ-AcVim of the AAPA family), and anƟ-CCP2 IgG.

Total IgG levels were determined using Bethyl Laboratories reagents and protocol 
(Bethyl Labs E80-104). In-house ELISAs were conducted essenƟally as previously 
described for anƟ-CarP FCS IgG (1) and anƟ-CCP2 IgG (17). AnƟ-AcVim IgG was tested 
using an OrgenTec kit (Orgentec DiagnosƟka GmbH, Germany) (3). A nƟ-MAA FCS IgG 
used the same in-house protocol as anƟ-CarP IgG except coaƟng with MAA-FCS and 
sham-FCS protein, serum diluƟons at 1:1000, and detecƟon by rabbit anƟ-human IgG-
HRP anƟbody. MAA-FCS and sham-FCS were prepared as follows: a soluƟon of 0.5 M 
tetramethoxypropane and 0.3% hydrochloric acid was incubated at 37 °C for 12 min with 
agitaƟon. A new soluƟon of 20% of the above, 4% of acetaldehyde, and 1–5 mg/ml FCS 
was prepared. pH was brought to 4.8, and this soluƟon and sham-FCS were incubated 
at 37 °C for 2 h. Finally, both samples were dialyzed for 32 h against phosphate-buīered 
saline, refreshing mulƟple Ɵmes, yielding MAA-FCS and sham-FCS at around 4 mg/mL.

For all AMPA ELISAs, absorbance values were converted to arbitrary units per milliliter 
(aU/mL) using a ƟtraƟon curve of pooled, serially diluted Dutch paƟent sera posiƟve 
for that AMPA. We established cohort-speciĮc cut-oīs using each cohort’s respecƟve 
healthy controls’ mean aU/mL plus two standard deviaƟons, resulƟng in four disƟnct 
cut-oīs (Supplementary Figure 1). AddiƟonally, for a paƟent sample to be considered 
posiƟve, the speciĮc OD on the modiĮed pepƟde had to be more than 0.1 opƟcal density 
(OD) above the signal on the non-modiĮed pepƟde.

StaƟsƟcal analysis
Chi-squared tests and Kruskal–Wallis tests were used to examine diīerences between 
cohorts in the prevalence and levels of AMPAs, as well as cohort characterisƟcs. 
LogisƟc regression was used to idenƟfy whether smoking was associated with AMPA 
seroposiƟvity in each cohort, corrected for gender. LogisƟc regression was also used to 
examine the associaƟon of HLA DRB1 alleles with AMPA seroposiƟvity. Analyses were 
performed with Stata 14.1: Special EdiƟon (StataCorp LP, TX, USA).

2
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RESULTS

Cohort characterisƟcs
The cohort characterisƟcs of the four geographically and ethnically diverse ACPA-
posiƟve RA populaƟons are summarized in Table 1.

Cohorts diīered signiĮcantly for all baseline characterisƟcs except RF status. Notably, 
paƟents in the FN and SA cohorts were younger and the NL and SA cohorts had shorter 
disease duraƟons, while the JP and SA cohorts had few smokers.

Table 1: Cohort characterisƟcs

Netherlands
N = 103

First NaƟons 
(Canada)
N = 100

Japan
N = 174

South-Africa
N = 67

p-value

Sex, female 66% 79% 82% 89%1

Age, median years (IQR) 58 (49–65) 48 (35–55) 60 (48–67) 49 (41–56)7

Disease duraƟon, 
median years (IQR)

1.3 (1.1–1.8)1 7.7 (2.5–17.0) 7.5 (4.8–14.8)1 0 (0.0–0.0)1

RF posiƟve 90% 93%1 95% 100%
Ever smokers 60%5 84% 28%4 12%
HLA SE present 85% 94%37 78% 71%1

HLA-DRB1*03 present 14% 5%37 0% 32%1

AnƟ-CarP posiƟve 50% 60% 45% 79%
AnƟ-MAA posiƟve 29% 29%2 22%2 53%1

AnƟ-AcVim posiƟve 23%1 40%6 22%30 46%6

Treatment at Ɵme of 
sample draw

N data = 72 N data = 72 N data = 174 N data = 67

DMARD-naïve 0 (0%) 6 (8%) 0 (0%) 58 (86%)
Not DMARD-naïve 72 (100%) 66 (92%) 174 (100%) 9 (14%)

Superscripted numbers indicate the number of missing data per characterisƟc per cohort. 
SigniĮcance is based on Pearson’s chi-square test, t-test, or Kruskal–Wallis test, as appropriate. 
Disease duraƟon refers to the Ɵme in years between the date of 1st presentaƟon and the date of 
the sample draw. For South Africa, only 9 paƟents had samples drawn at 6 months and the rest 
at baseline. Symptom duraƟon refers to the Ɵme in years between the date of symptoms and the 
date of the sample draw. For DMARD use, categories overlap for paƟents using mulƟple agents. 
Other DMARDs include azathioprine, sulfasalazine, hydroxychloroquine, leŇunomide, cyclosporine, 
bucillamine, gold, and minocycline. p-values printed in bold were staƟsƟcally signiĮcant.
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AutoanƟbody levels and prevalence in ethnically diverse RA populaƟons
Figure 1 displays the levels of the AMPAs in all four cohorts.

Figure 1: AMPA levels in geographically and ethnically diverse RA populaƟons. Levels in 
arbitrary units (aU/mL) for four AMPAs and grams per liter (g/L) for total IgG in the serum of 
four geographically and ethnically diverse RA populaƟons. PaƟents clustered at the maximum 
were above the highest standard of the ELISA. Blue shading indicates the paƟents falling below 
the cohort-speciĮc posiƟvity cut-oī (see Supplementary Figure 1 for data regarding cut-oī 
determinaƟon in healthy controls and reacƟvity to the control pepƟde); green shading is the 
normal range for total IgG (established in European cohorts). Lines indicate the median and 
interquarƟle range. p-values correspond to chi-square tests on the proporƟon of paƟents 
considered posiƟve, indicated in percentages above graphs.

2
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Remarkable diīerences were seen between the cohorts with levels generally being 
higher in FN and SA RA paƟents. This paƩern of higher reacƟvity against the PTM 
anƟgens could also be seen to a lesser extent in the healthy controls of these two 
cohorts, although in each populaƟon, responses of healthy controls were clearly lower 
than those of RA paƟents (Supplementary Figure 1). ReacƟvity against the non-
modiĮed control anƟgens was lower than the PTM anƟgens in all cohorts. Although 
South African RA paƟents had higher anƟ-lysine and anƟ-arginine reacƟvity as compared 
to RA paƟents from other cohorts, their reacƟvity to the corresponding PTM anƟgen 
was also higher, leading to a high prevalence of PTM-speciĮc reacƟvity.

Despite the diīerences in cohort-speciĮc cut-oīs, the higher levels in the FN and SA 
RA paƟents also translated into a higher prevalence of several AMPA in these cohorts 
(Figure 1 and Table 1). Most notably, anƟ-CarP- and anƟ-AcVim-anƟbodies were more 
prevalent in FN and SA paƟents.

The level-diīerences between the cohorts remained when levels were compared only 
in paƟents that were posiƟve for AMPA (Supplementary Figure 2).

AnƟ-CCP2 IgG was retested in these ACPA-posiƟve paƟents to determine levels. Retest 
posiƟvity for anƟ-CCP2 IgG was 93% on average (Figure 1D) with the most discrepancy 
found in paƟents Įrst tested by anƟ-CCP3 test (not shown). When analyses were 
performed only in the paƟents who retested posiƟve for anƟ-CCP2 IgG (as a sensiƟvity 
analysis), the results did not diīer.

AMPA levels in relaƟon to total IgG
Various studies suggest that diīerences in total IgG levels may follow ethnographic 
lines (18-20). To account for the possibility that the AMPA diīerences correspond to 
total IgG diīerences, we also measured total IgG. Levels of total IgG to some extent 
resembled AMPA levels in that SA paƟents had the highest levels of both (Figure 1). 
Next, we calculated raƟos of AMPA-levels divided by IgG-levels (Figure 2).

Although some of these raƟos sƟll diīered signiĮcantly between cohorts, overall 
diīerences were now less striking, suggesƟng that autoanƟbody-level diīerences may 
largely correspond to cohort-speciĮc diīerences in total IgG.

When paƟents with levels above the highest standard of an ELISA were removed from 
the analysis, this did not greatly change the results (Supplementary Figure 3).
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Figure 2: AMPA to IgG raƟos in geographically and ethnically diverse RA populaƟons. RaƟos of 
levels in arbitrary units (aU/mL) for four AMPAs, per grams per liter (g/L) total IgG in the serum 
of four RA populaƟons. RaƟos are only shown in paƟents that were posiƟve for the AMPA. Lines 
indicate median and interquarƟle range; p-values correspond to Mann–Whitney U tests. The 
range of aU/mL per g/L is not directly comparable between AMPAs.

2
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AssociaƟon of AMPA posiƟvity and smoking, HLA DRB1*03, and SE
Next, we aimed to delineate whether the presence of a certain AMPA might be 
associated with the known risk factors for autoanƟbody-posiƟve RA (smoking and HLA 
risk alleles). To avoid Įnding spurious associaƟons, we limited our analyses to HLA SE 
and DRB1*03 alleles. Since the levels of AMPA and the cut-oīs diīered per cohort 
(as described above), all associaƟon analyses were performed based on dichotomous 
seroposiƟve versus seronegaƟve autoanƟbody results, rather than autoanƟbody levels. 
The results are displayed in Figures 3-5.

Regarding smoking, there was no associaƟon with anƟ-CarP or anƟ-MAA. However, 
there appeared to be a posiƟve associaƟon with smoking and anƟ-AcVim in NL and JP, 
although this did not achieve staƟsƟcal signiĮcance.

For HLA DRB1*03, which was not present in JP and only rarely in FN, there were several 
posiƟve albeit non-signiĮcant associaƟons with the diīerent AMPA. This was found for 
anƟ-CarP in NL, (which has been reported before in ACPA-negaƟve paƟents (21)), and 
for anƟ-MAA in several cohorts and anƟ-AcVim in NL.

With regard to the HLA SE alleles, there was a posiƟve associaƟon with anƟ-CarP in 
NL. For the other cohorts, there were no associaƟons with anƟ-CarP, anƟ-MAA or anƟ-
AcVim in these ACPA-posiƟve paƟents.

Figure 3: AssociaƟon of the diīerent AMPA with smoking in the four populaƟons. The associaƟon 
with smoking was corrected for gender. Please note that in South Africa, correcƟon for gender 
had a large eīect on odds raƟos because very few women smoke.



35

Geo-epidemiology of autoanƟbodies

Figure 4: AssociaƟons of the diīerent AMPA with the presence of HLA DRB1*03 alleles. GeneƟc 
associaƟons were not corrected for gender

Figure 5: AssociaƟons of the diīerent AMPA with the presence of shared epitope alleles. GeneƟc 
associaƟons were not corrected for gender

DISCUSSION

In light of the recent discovery of several diīerent RA-associated autoanƟbodies 
directed against post-translaƟonal modiĮcaƟons (AMPA), we determined three major 
novel AMPA in four geographically and ethnically diverse cohorts of ACPA-posiƟve RA 
paƟents, to elucidate whether there might be populaƟon-speciĮc risk factors involved 
in their development. We found diīerences between cohorts in the prevalence 
and median levels of anƟ-CarP, anƟ-MAA, and anƟ-AcVim. However, this diversity 

2
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corresponded to a large extent to cohort-speciĮc variaƟon in total IgG. Finally, there 
were no associaƟons between AMPA and the classic risk factors HLA SE, HLA DRB1*03, 
or smoking that were consistent across all cohorts.

Our results are in line with a limited number of previous publicaƟons invesƟgaƟng the 
prevalence of ACPA and anƟ-CarP in diīerent ethnic populaƟons and geographic locaƟons. 
A study from Malaysia invesƟgaƟng RA paƟents of three diīerent Asian backgrounds 
(Malay, Chinese, and Indian) reported similar frequencies of ACPA among these paƟents 
and an associaƟon with HLA SE alleles (22). Likewise, studies from Africa have also found 
relaƟvely similar ACPA prevalences (16, 23). Regarding the presence of anƟ-CarP, the 
previously reported esƟmates in the same Indigenous North American populaƟon and 
in a similar Japanese cohort are fairly in line with our observaƟons (24, 25). However, to 
the best of our knowledge, our current study is the Įrst to measure AAPA and anƟ-MAA 
in RA paƟents living outside Europe or the USA and to provide a direct comparison of 
AMPA measured with the same methods in 4 ethnically diverse RA populaƟons from 
4 diīerent conƟnents. Our study leads to new important insights regarding the higher 
seroprevalence of autoanƟbodies in populaƟons characterized by high total IgG levels. 
This is a very relevant Įnding for future studies focusing on autoanƟbodies in African 
populaƟons, which are generally underrepresented in medical research.

The higher AMPA and IgG levels found in black South African RA paƟents may be 
due to several independent factors. First, there are mulƟple publicaƟons describing 
higher IgG levels in people of African descent although the mechanisms underlying 
this intriguing observaƟon remain unclear (19, 20). While environmental factors such 
as diet or parasiƟc infecƟons have been suggested, higher IgG levels in black West 
Africans residing in Britain for several years have also pointed towards geneƟc factors 
(26). Furthermore, treatment of RA is known to be associated with a decrease in AMPA 
levels (27), and in contrast to the other cohorts, the South African paƟents were largely 
treatment-naïve at the moment of serum sampling.

We found no consistent associaƟons of smoking and SE with AMPA posiƟvity in the 
invesƟgated cohorts. At the most, there was a posiƟve associaƟve trend for smoking 
and AAPA in NL and JP, but not in the others. This lack of associaƟon could have been 
due to the limited size of the cohorts, although the eīect sizes generally did not indicate 
that greater power would have resulted in signiĮcant Įndings. The posiƟve associaƟon 
of SE with anƟ-CarP in NL is surprising considering that this has not been found before 
in analyses of larger datasets (28, 29). This raises the quesƟon of whether the fact that 
the current analysis was performed in ACPA-posiƟve paƟents only might have resulted 
in a spurious Įnding in one single cohort in this case.

Overall, our Įnding that the various AMPA could be detected in substanƟal amounts in 
RA paƟents of 4 diīerent ethniciƟes on diīerent conƟnents implies that populaƟon-
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speciĮc ethnic or geographical risk factors do not seem to play a major role in shaping 
the AMPA response once ACPA have developed. Contrary to the example of fogo 
sevalgem in which endemic black Ňies are a speciĮc factor inŇuencing autoanƟbody 
reacƟvity, this kind of eīect does not appear to exist within autoanƟbody-posiƟve 
RA. This indicates that the development of a broad AMPA response to diīerent PTMs 
represents a Įnal common outcome of diīerent pathways leading to the development 
of ACPA and eventually RA. This hypothesis is in line with murine studies which have 
shown that immunizaƟon with a protein containing one parƟcular PTM can induce 
cross-reacƟve AMPA against other PTMs as well (30). However, cross-reacƟvity between 
diīerent AMPA cannot be the sole explanaƟon for our Įndings, considering that (1) 
both AAPA and anƟ-CarP-responses have been found to be only partly cross-reacƟve 
with citrullinated anƟgens (3, 31) and (2) anƟ-MAA-anƟbodies have been described to 
display no cross-reacƟvity at all (32). Thus, it appears likely that other factors, apart from 
cross-reacƟvity, also play a role in shaping the AMPA response, and these processes, 
possibly involving somaƟc hypermutaƟon of B cell receptors, or survival signals for 
AMPA-speciĮc B cells, follow a common path in paƟents with diīerent ethnic and 
geographical backgrounds.

The main limitaƟon of this study is the fact that we had access only to ACPA-posiƟve 
RA paƟents. This precludes any conclusions about the prevalence of each AMPA in 
the enƟre RA populaƟon consisƟng of both seroposiƟve and seronegaƟve paƟents. 
However, because non-ACPA AMPA occur largely in ACPA-posiƟve RA, this selecƟon 
does maximize our ability to idenƟfy AMPA-posiƟve paƟents and compare AMPA levels. 
In addiƟon, the presence of ACPA in all paƟents does make the comparison between 
cohorts more straighƞorward, since diīerences in ACPA presence would have been 
a major confounding factor. However, in light of the strong associaƟon between HLA 
risk factors and ACPA, the results regarding geneƟc associaƟons should be interpreted 
with extreme cauƟon. Another limitaƟon is the diīerences in cohort demographics. 
We aƩempted to account for these diīerences by correcƟng our smoking analyses 
for gender, which most closely determined smoking habits. Disease duraƟon also 
diīered, which can be seen as a proxy for treatment eīects; however, correcƟon for 
this made some models staƟsƟcally nonconvergent and did not change the results of the 
others. Data on clinical characterisƟcs were limited, making it impossible to correlate 
observed diīerences in autoanƟbodies with disease acƟvity, DMARD exposure, and 
clinical outcomes. Since informaƟon on other (environmental) exposures like previous 
infecƟons, air polluƟon, or comorbidiƟes was unavailable, we limited our analyses to 
the communal risk factors which were known for each cohort: smoking and HLA DRB1 
alleles. A further limitaƟon is the relaƟvely small sample sizes in each cohort.

Strengths of our study include its innovaƟve design in measuring several diīerent AMPA 
in 4 diīerent ethnic and geographical cohorts. This leads to relevant insights regarding 
diīerences not only in the levels of autoanƟbodies, but also of total IgG; a fact that has 

2
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thus far aƩracted liƩle aƩenƟon in the rheumatology autoanƟbody literature. Another 
strength of the study is the fact that all AMPA determinaƟons were performed in the 
same manner. All cohorts were analyzed in the same center on the same day and were 
represented on each ELISA plate, and the cut-oīs were determined using cohort- and 
ethnicity-matched healthy controls. All these measures serve to maximize comparability 
between cohorts, which is not a trivial issue as illustrated by the fact that our data show 
clear diīerences in calculated cut-oīs, thereby underlining the importance of using 
locally matched controls in determining cut-oīs.

CONCLUSION

In these geographically and ethnically diverse ACPA-posiƟve RA populaƟons, AMPA 
against other post-translaƟonal modiĮcaƟons were consistently present, with higher 
levels in the South African paƟents. However, total IgG levels were also higher in South 
African paƟents, and aŌer correcƟng for this, diīerences were less striking. This suggests 
that in ACPA-posiƟve paƟents with diīerent geneƟc and environmental exposures, 
the development of a broad AMPA response to diīerent PTMs may represent a Įnal 
common outcome of autoimmune pathophysiology.
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SUPPLEMENTARY FIGURES

Supplementary Figure 1: AMPA and control pepƟde reacƟvity in RA and HCs
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Levels in arbitrary units (aU/mL) for four AMPAs in the serum of four ethnically diverse RA 
populaƟons and their ethnicity-matched healthy controls (HC). Grey dots indicate reacƟvity to 
the control pepƟde that was tested in tandem with the AMPA (which are shown with black dots). 
Blue violin plots display the median, interquarƟle range, and distribuƟon of levels.NL: Netherlands, 
FN: First NaƟon, JP: Japan, SA: South Africa, RA: RA paƟents, HC: healthy controls.
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ABSTRACT

Background
The autoanƟbody proĮle of seroposiƟve rheumatoid arthriƟs (RA) is very diverse and 
consists of various isotypes and anƟbodies to mulƟple post-translaƟonal modiĮcaƟons. 
It is yet unknown whether this varying breadth of the autoanƟbody proĮle is associated 
with treatment outcomes. Therefore, we invesƟgated whether the composiƟon of the 
autoanƟbody proĮle in RA, as a marker of the underlying immunopathology, inŇuences 
iniƟal and long-term treatment outcomes.

Methods
In serum from 399 seroposiƟve paƟents with RA in the IMPROVED study, drawn at 
baseline and at the moment of drug tapering, we measured IgG, IgM, and IgA isotypes 
for anƟ-cyclic citrullinated pepƟde-2 and anƟ‐carbamylated protein anƟbodies, IgM 
and IgA rheumatoid factor, and reacƟvity against four citrullinated and two acetylated 
pepƟdes (anƟ-modiĮed protein anƟbodies (AMPAs)). We invesƟgated the eīect of the 
breadth of the autoanƟbody proĮle on (1) change in disease acƟvity score (DAS)44 
between 0 and 4 months, (2) iniƟal drug-free remission (DFR, drug-free DAS44 < 1.6) 
achieved between 1 and 2 years of follow up, and (3) long-term sustained DFR unƟl 
last follow up.

Results
PaƟents with a broad autoanƟbody proĮle at baseline had a signiĮcantly beƩer early 
treatment response: ΔDAS 0–4 months of 1–2, 3–4, and 5–6 vs 7–8 isotypes, -1.5 
(p < 0.001), -1.7 (p = 0.03), and -1.8 (p = 0.04) vs -2.2. Similar results were observed for 
AMPA number. However, paƟents with a broad baseline autoanƟbody proĮle achieved 
less iniƟal DFR. For long-term sustained DFR there was no longer an associaƟon with the 
breadth of the autoanƟbody response. When assessing autoanƟbodies at the moment 
of tapering, similar trends were observed.

Conclusions
A broad baseline autoanƟbody proĮle is associated with a beƩer early treatment 
response. The breadth of the baseline autoanƟbody proĮle, reŇecƟng a break in 
tolerance against several diīerent autoanƟgens and extensive isotype switching, may 
indicate a more acƟve humoral autoimmunity, which could make the underlying disease 
processes iniƟally more suppressible by medicaƟon. The lack of associaƟon with long-
term sustained DFR suggests that the relevance of the baseline autoanƟbody proĮle 
diminishes over Ɵme.

Trial registraƟon
ISRCTN11916566. Registered on 7 November 2006. EudraCT, 2006- 06186-16. Registered 
on 16 July 2007.
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BACKGROUND

PaƟents with rheumatoid arthriƟs (RA), a chronic autoimmune disease primarily 
aīecƟng the joints, harbour autoanƟbodies recognizing several post-translaƟonally 
modiĮed pepƟdes. The most well-characterised of these are anƟ-citrullinated pepƟde 
2 (anƟ-CCP2) anƟbodies and rheumatoid factor (RF) that are present in approximately 
60% of paƟents. AnƟ-CCP2 and RF-posiƟve paƟents have a worse long-term prognosis 
and are less likely to achieve drug-free remission (DFR)(1-5). Whether they also diīer 
in early treatment response is controversial (5-8).

However, considering only these two autoanƟbodies may be oversimplifying a complex 
picture. Novel RA-associated autoanƟbody systems such as anƟ-carbamylated (anƟ-
CarP) (9, 10) and anƟ-acetylated protein anƟbodies (11) conƟnue to be idenƟĮed. 
Moreover, the autoanƟbody proĮle is very diverse, with anƟbodies targeƟng variable 
numbers of diīerent pepƟdes with the same post-translaƟonal modiĮcaƟon, and with 
marked heterogeneity in isotype usage (12-14). This diversity in the breadth of the 
autoanƟbody proĮle most likely reŇects the break of tolerance to mulƟple autoanƟgens 
and the maturity of the humoral autoimmune response (15-17).

It is currently unknown to what extent the breadth of the autoanƟbody proĮle inŇuences 
treatment outcomes. In RA, early iniƟaƟon of disease-modifying anƟ-rheumaƟc drugs 
(DMARDs) and treat-to-target strategies have improved clinical remission rates (18, 19) 
and in some paƟents tapering and withdrawal of DMARDs can be aƩempted, but not 
all paƟents successfully become symptom-free or drug-free. There is a growing need 
to understand the mechanisms that set apart paƟents that do achieve early clinical 
remission or long-term sustained DFR (the closest approximaƟon of disease curaƟve 
available) (3, 20, 21).

Since autoanƟbodies are linked to both RA pathophysiology and treatment outcomes, 
they oīer a unique perspecƟve to shed light on the pathophysiological mechanisms 
underlying RA chronicity. Given the varying composiƟon of the RA autoanƟbody 
proĮle (with its diversity in autoanƟgen recogniƟon and extensive isotype switching), 
it appears plausible that the breadth of this proĮle could be associated with treatment 
outcomes. No studies to date have invesƟgated the eīect of composiƟon of the baseline 
autoanƟbody proĮle on early response to convenƟonal DMARD therapy or long-term 
DFR. Furthermore, it is also unclear whether the breadth of the proĮle present at 
baseline or at the moment of drug-tapering (or both) is more indicaƟve the ability of a 
paƟent to reach and maintain DFR. To Įll these niches in knowledge, we invesƟgated 
whether outcomes such as early treatment response to DMARDs and DFR are associated 
with the breadth of the autoanƟbody proĮle at baseline in seroposiƟve paƟents with 
RA and at the moment of drug-tapering.

3
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METHODS

Study design
The InducƟon therapy with Methotrexate and Prednisone in Rheumatoid Or Very Early 
arthriƟc Disease (IMPROVED) study is a mulƟcentre, randomized controlled trial that 
enrolled 610 paƟents with early (< 2 years) untreated RA or undiīerenƟated arthriƟs. It 
was aimed at change in the disease acƟvity score-remission (DAS44 < 1.6), and for those 
achieving remission, aimed at drug-free remission (DFR), with treatment adjusted every 
4 months according to whether treatment targets had been reached. IniƟal treatment 
comprised methotrexate (MTX) and high-dose prednisone, followed by either tapering 
of medicaƟon or randomizaƟon to one of two treatment arms: MTX, prednisone, 
hydroxychloroquine, and sulphasalazine combinaƟon (mulƟ-DMARD arm) or MTX 
and adalimumab combinaƟon as described previously (2). According to the protocol, 
paƟents tapered and disconƟnued methotrexate at 8 months if they achieved early 
remission, allowing them to become drug-free and remain so unƟl the DAS increased 
to > 1.6.

PaƟent selecƟon and outcomes
All 479 paƟents fulĮlling the 2010 American College of Rheumatology (ACR)/European 
League Against RheumaƟsm (EULAR) RA criteria were selected. Of these paƟents, those 
seroposiƟve at baseline by rouƟne clinical tesƟng for anƟ-CCP2 IgG or RF IgM, or by our 
in-house assay for anƟ‐CarP IgG (10), were selected (n = 395; see Figure 1 for detailed 

selecƟon algorithm). If paƟents were fully seronegaƟve at baseline, we measured anƟ-
CCP2 IgG, RF IgM, and anƟ-CarP IgG in serum collected aŌer 1 year of follow up to 
include any paƟents that seroconverted to posiƟve, yielding 399 seroposiƟve paƟents, 
of whom 356 had baseline, untreated serum available and 209 had 8-month treated 
serum available for further serological measurements as described subsequently (2).

Main outcomes we invesƟgated were iniƟal DAS change from baseline to 4 months 
(ΔDAS 0–4 months) and DFR. DAS change from baseline to 4 months occurred under 
treatment with MTX and high-dose prednisone. DFR was deĮned as the ability to 
disconƟnue medicaƟon and remain in remission for (at least) 1 year aŌer achieving 
DAS44 < 1.6. We diīerenƟated between iniƟal DFR and long-term sustained DFR. IniƟal 
DFR was deĮned as DFR between 1 and 2 years of the study, which due to the protocol 
could only be achieved by paƟents that were in early DAS remission at 4 months aŌer 
tapering prednisone and MTX. Long-term sustained DFR was deĮned as DFR of at 
least 1 year duraƟon unƟl the last follow up in all paƟents (including those who were 
randomized to the mulƟ-DMARD or adalimumab treatment arm), which is the closest 
approximaƟon of disease cure currently available for RA. Due to the protocol design, 
the group of paƟents that could achieve iniƟal DFR was smaller than (i.e. a subgroup 
of) all paƟents who could achieve long-term sustained DFR.
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Figure 1: Extended paƟent selecƟon algorithm.

ACR, American College of Rheumatology; EULAR, European League Against RheumaƟsm; RA, 
rheumatoid arthriƟs; anƟ-CCP2, anƟ-citrullinated protein 2; RF, rheumatoid factor; anƟ-CarP, anƟ-
carbamylated protein anƟbodies; AMPA, anƟ-modiĮed protein anƟbodies; Cit, citrullinated
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Serological measurements
Enzyme-linked immunosorbent assay (ELISA) was used essenƟally as described 
previously to measure anƟ-CCP2 IgG, IgM, and IgA(22), RF IgM and IgA(12), and anƟ-CarP 
IgG, IgM, and IgA (10, 23) in baseline serum from untreated paƟents. We also conducted 
Įne-speciĮcity ELISA for IgG directed against four citrullinated pepƟdes: citrullinated-
vimenƟn 59-74, citrullinated-Įbrinogen β 36-52 and α 27-43, and citrullinated-enolase 
5-20 (24). Last, ELISA for anƟ-acetylated lysine and anƟ-acetylated ornithine IgG 
(Orgentec DiagnosƟka GmbH, Germany) was performed as previously described (11).

Absorbance was converted to arbitrary units per millilitre (aU/mL) using a standard 
curve of pooled, serially diluted highly posiƟve paƟent serum. Samples were considered 
posiƟve if they fell above the cutoī of the mean aU/mL value plus two standard 
deviaƟons in serum samples from 76 healthy controls from the Leiden area, run in 
tandem with the samples for each ELISA. Because anƟbodies may be aspeciĮcally 
directed to the unmodiĮed variant of the pepƟde/protein of interest, we applied a 
speciĮcity criterion to each ELISA. For anƟ-CCP2 IgA and IgM, the diīerence between 
the citrullinated and unmodiĮed opƟcal density (OD) had to be more than 0.1; for anƟ-
CarP and anƟ-acetylated pepƟde ELISAs, the diīerence (aU/mL) between the modiĮed 
and unmodiĮed signal had to be above the cut-oī. Since previous experiments revealed 
minimal aspeciĮc signals for the citrullinated Įne-speciĮcity ELISA, no speciĮcity 
criterion was applied.

The technical success rate of the ELISA was at least 96% (Figure 1). There was good 
agreement in posiƟvity between the original baseline measurement performed rouƟnely 
for anƟ-CCP-anƟbodies and RF at inclusion and the in-house baseline re-measurement 
(Additional file 1: Figure S1).The Įrst and second in-house measurement of anƟ-CarP 
IgG showed fair agreement (Additional file 1: Figure S1). PosiƟvity for the various 
isotypes measured largely overlapped (Additional file 1: Figure S2).

StaƟsƟcal analysis
We constructed categories reŇecƟng the breadth of the anƟbody response that 
consisted of the sum of posiƟve anƟbody tests. First, the number of isotypes present; 
both in total (anƟ-CCP2 IgG, IgM, IgA; RF IgM, IgA; anƟ-CarP IgG, IgM, IgA; range 1-8) 
and per family (anƟ-CCP2 and anƟ-CarP range 1-3; RF range 1–2). Second, the number 
of IgG anƟ-modiĮed pepƟde responses, both in total (anƟ-CCP2 IgG, anƟ-CarP IgG, anƟ-
citrullinated-vimenƟn 59-74 IgG, anƟ-citrullinated-Įbrinogen β 36-52 IgG, and α 27-43 
IgG, anƟ-citrullinated-enolase 5-20 IgG, anƟ-acetylated-lysine IgG, anƟ-acetylated-
ornithine IgG; range 1–8) and per modiĮcaƟon (citrullinated pepƟdes range 1–4; 
acetylated pepƟdes range 1–2). Diīerences between categories were calculated using 
analysis of variance (ANOVA) for conƟnuous outcomes (DAS and ΔDAS 0–4 months), 
adjusted for age, gender, and smoking (ever/never), and baseline body mass index and 
Health Assessment QuesƟonnaire (HAQ) score, which were independent predictors 
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of early remission in the IMPROVED study (5). Binary logisƟc regression was used for 
categorical outcomes, adjusted as above, with the analyses of iniƟal DFR addiƟonally 
adjusted for baseline DAS and the analyses of long-term sustained DFR addiƟonally 
adjusted for baseline DAS and treatment arm. Holmes-Bonferroni methods were used 
to correct the alpha level for mulƟple tesƟng, assuming the same number of hypotheses 
as pairwise comparisons made. All reported p values are derived from the analysis 
models following correcƟon; only p values that remained signiĮcant aŌer correcƟon 
for mulƟple tesƟng are reported in the Įgures.

RESULTS

AnƟbody posiƟvity at baseline and 8 months
At baseline in the full cohort, 68% (323/472) of paƟents were anƟ-CCP2 IgG posiƟve, 70% 
(330/469) were RF IgM posiƟve, and 39% (162/416) were anƟ-CarP IgG posiƟve. Within the 
paƟents that were posiƟve for at least one of these autoanƟbodies at baseline or at 1 year 
(n = 399), we (re)measured anƟ-CCP2, RF, and anƟ-CarP isotypes and anƟ-citrullinated 
and anƟ-acetylated pepƟde anƟbodies in baseline serum and in 8-month serum. Since 
we selected paƟents based on baseline seroposiƟvity of anƟ-CCP2 IgG, RF IgM, or anƟ-
CarP IgG, the high rates of posiƟvity for these anƟbodies at baseline and 8 months are to 
be expected (Table 1). The lower rates of anƟbody posiƟvity at 8 months compared to 
baseline are largely due to seroconversion from posiƟve to negaƟve in this Ɵme period.

IniƟal change in DAS
We Įrst analysed the associaƟon between the paƟents’ baseline autoanƟbody proĮles 
and iniƟal treatment response. As shown in Figure 2a, seroposiƟve paƟents (deĮned 
by the presence of anƟ-CCP2 IgG and/or RF IgM and/or anƟ-CarP IgG in the original 
baseline measurement) had a lower DAS at baseline than triple-negaƟve paƟents. This 
was most likely due to the ACR/EULAR2010 RA criteria selecƟon we used; seroposiƟve 
paƟents require fewer other clinical items to fulĮl the criteria and thus have a lower 
DAS at baseline than seronegaƟve paƟents. Notably, despite these diīerences in 
absolute DAS, the iniƟal change in DAS from baseline to 4 months was equal between 
seroposiƟve and seronegaƟve paƟents (Figure 2b and Additional file 1: Figure S3A), 
also aŌer correcƟon for relevant covariates.

Strikingly, within the seroposiƟve paƟents, iniƟal DAS response in paƟents with many 
isotypes was more pronounced than in those with few isotypes ( ΔDAS 0–4 months of 
7–8 isotypes vs 1–2, 3–4, and 5–6 isotypes, respecƟvely: -2.2 vs -1.5 (p < 0.001), -1.7 
(p = 0.003), and -1.8 (p = 0.001)) (Figure 2c, d and Additional file 1: Figure S3B). 
This paƩern remained when analysing the number of isotypes present separately for 
each anƟbody family: those with more isotypes had beƩer iniƟal DAS response than 
those with fewer isotypes, and were staƟsƟcally signiĮcant (aŌer correcƟon for mulƟple 
tesƟng) for the RF and anƟ-CarP families (Figure 2g).

3
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Table 1: Baseline characterisƟcs and anƟbody posiƟvity.

Baseline (N = 356) 8 months (N = 209)
RA (2010 criteria), n (%) 356 (100%) -
Female sex, n (%) 243 (68%) -
Age, mean years (SD) 51.2 (13.2) -
Symptom duraƟon (weeks), median (IQR) 18 (9-35)a -
Ever smokers 165 (47%)a -
DAS, mean ± SD 3.3 (0.9) -
AnƟ-CCP2 IgG, n (%) 292 (82%) 168 (80%)
AnƟ-CCP2 IgM, n (%) 146 (41%) 62 (30%)
AnƟ-CCP2 IgA, n (%) 150 (42%) 58 (28%)
RF IgM, n (%) 267 (75%) 121 (58%)
RF IgA, n (%) 212 (60%)a 84 (40%)a

AnƟ-CarP IgG, n (%) 175 (49%) 64 (31%)
AnƟ-CarP IgM, n (%) 141 (40%) 35 (17%)
AnƟ-CarP IgA, n (%) 109 (32%)a 23 (11%)
AnƟ-cetyl-Lysine IgG, n (%) 130 (37%) 67 (32%)
AnƟ-Acetyl-Ornithine IgG, n (%) 252 (71%) 132 (63%)
AnƟ-Cit-Vim IgG, n (%) 208 (58%) 100 (48%)
AnƟ-Cit-Fib α IgG, n (%) 101 (28%) 29 (14%)
AnƟ-Cit-Fib β IgG, n (%) 213 (60%) 105 (50%)
AnƟ-Cit-Eno IgG, n (%) 115 (32%) 58 (28%)
Number of isotypes, median (IQR) 4 (2–6)a 3 (1–4)a

Number of AMPAs, median (IQR) 4 (2–-6) 4 (2–5)

Vim vimenƟn, Fib Įbrinogen, Eno enolase, IQR interquarƟle range, Lys lysine, Orn ornithine, SD 
standard deviaƟon
aSome missing values. See Figure 1 for number of data available on individual anƟbody 
measurements. Available data for symptom duraƟon and smoking, n = 355; for anƟ-CarP IgA, 
n = 344 at baseline; for number of isotypes n = 343 at baseline; n = 208 at 8 months
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Figure 2: Disease acƟvity score (DAS) (mean +/- 95% conĮdence intervals) over 4 months of 
treatment and mean iniƟal change in DAS from baseline to 4 months (ΔDAS 0–4 months), 
separated by baseline serological status and breadth of autoanƟbody response.

a, b DAS over Ɵme and ΔDAS 0–4 months separated by baseline autoanƟbody seroposiƟvity based 
on anƟ-citrullinated protein 2 (anƟ-CCP2) IgG, rheumatoid factor (RF) IgM, or anƟ-carbamylated 
protein (anƟ-CarP) IgG posiƟvity. Based on availability of anƟbody data, the total number of 
paƟents included in a and b is 472. c, d Within baseline seroposiƟve paƟents, DAS over Ɵme and 
ΔDAS 0–4 months separated by the total number of isotypes present (anƟ-CCP2 IgG, IgM, IgA; RF 
IgM, IgA; and anƟ-CarP IgG, IgM, IgA). Due to the technical success rate of isotype measurements, 
and some seroposiƟve paƟents tesƟng negaƟve upon re-measurement (see AddiƟonal Įle 1: 
Figure S1), the total number of paƟents included in c and d is 325. e, f Within paƟents seroposiƟve 
at baseline, DAS over Ɵme and ΔDAS 0–4 months separated by the total number of anƟ-modiĮed 
pepƟde anƟbodies (AMPAs) present (anƟ-CCP2 IgG, anƟ-CarP IgG, anƟ-citrullinated-vimenƟn 
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59-74 IgG, anƟ-citrullinated-Įbrinogen β 36-52 IgG and α 27-43 IgG, anƟ-citrullinated-enolase 
5-20 IgG, anƟ-acetylated-lysine IgG, and anƟ-acetylated-ornithine IgG). AddiƟonal Įle 1: Figure 
S1), the total number of paƟents included in e and f is 318. g Within baseline seroposiƟve paƟents, 
ΔDAS 0–4 months separated by the number of isotypes present per anƟbody family and for 
the number of anƟbodies present to citrullinated or acetylated pepƟdes. Reported p values are 
adjusted for mulƟple tesƟng using Holmes-Bonferroni methods. ns, not signiĮcant (p ≥ 0.05); 
*p < 0.05; **p < 0.01, ***p < 0.001. AnƟ-Abs,Abs, anƟ-acetylated pepƟde anƟbodies.

There was the same dose-dependent associaƟon between breadth of the autoanƟbody 
proĮle and DAS decline when analysing the overall number of AMPAs present. IniƟal 
DAS response in seroposiƟve paƟents with many AMPAs was beƩer than in those 
with few AMPAs, although this was not always staƟsƟcally signiĮcant aŌer correcƟon 
for mulƟple tesƟng: Δ DAS 0–4 months of 7–8 AMPAs vs 1–2, 3–4, and 5–6 AMPAs, 
respecƟvely: -2.1 vs -1.7 (p = 0.016), -1.5 (p < 0.001), and -1.9 (p =0.22) (Figure 2e, f 

and Additional file 1: Figure S3C). This paƩern was also present when analysing the 
number of anƟbodies present per post-translaƟonal modiĮcaƟon, and was signiĮcant 
for citrullinated pepƟdes: ΔDAS 0–4 months of 3–4 vs 1–2 citrullinated pepƟdes was 
-2.0 vs -1.6 (p = 0.01) (Figure 2g). No single isotype or anƟbody was disproporƟonally 
associated with a beƩer iniƟal DAS response (Additional file 1: Figure S4A).

I niƟal successful drug disconƟnuaƟon
To invesƟgate whether the autoanƟbody proĮle at baseline or at the moment of 
tapering was also relevant for more long-term treatment outcomes, we next examined 
whether the autoanƟbody response is associated with ability to disconƟnue medicaƟon 
and remain in remission for one year aŌer reaching early remission (iniƟal DFR), 
independently of factors also associated with this outcome (see “StaƟsƟcal analysis”). 
In line with previous Įndings (2), paƟents with RA who were posiƟve for anƟ-CCP2 
IgG and/or RF IgM were less likely than their negaƟve counterparts to reach iniƟal 
DFR, although this diīerence was not signiĮcant: 17% of anƟ-CCP2 IgG posiƟve versus 
20% of negaƟve paƟents (p = 0.14) and 16% of RF IgM posiƟve versus 19% of negaƟve 
paƟents (p = 0.43). AnƟ-CarP IgG posiƟve paƟents were also less likely to reach iniƟal 
DFR than negaƟve paƟents (11% vs 22%; p = 0.03). Since we selected paƟents on ACR/
EULAR2010 RA criteria, thereby enriching for seroposiƟvity, the diīerences between 
anƟ-CCP2 IgG, RF IgM, and anƟ-CarP posiƟve and negaƟve paƟents found here were 
less pronounced than previously reported in the enƟre IMPROVED study populaƟon 
because in the current study paƟents negaƟve for one of these anƟbodies were by 
deĮniƟon posiƟve for another (2).

InteresƟngly, while a broad baseline autoanƟbody response was favourable for iniƟal 
DAS response, it was unfavourable for the chance of achieving iniƟal DFR (Figure 3). 
Within paƟents seroposiƟve for anƟ-CCP2 IgG, RF IgM, or anƟ-CarP IgG at baseline, 
there was a non-signiĮcant trend indicaƟng that paƟents with more isotypes achieve 
less iniƟal DFR (1 –2, 3–4, and 5–6 isotypes vs 7–8 isotypes, respecƟvely: 21% (p = 0.07), 
20% (p = 0.13), and 20% (p = 0.10) vs 3%) (Figure 3a). PaƟents with more AMPAs 
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also achieved signiĮcantly less iniƟal DFR (1–2 AMPAs vs 3–4, 5–6, and 7–8 AMPAs, 
respecƟvely: 37% vs 13% (p = 0.004), 14% (p = 0.007), and 11% (p = 0.005) (Figure 3b).

Figure 3: AssociaƟon between baseline autoanƟbody proĮle and iniƟal drug-free remission (DFR) 
in paƟents seroposiƟve for anƟ-citrullinated protein 2 (anƟ-CCP2) IgG, rheumatoid factor (RF) 
IgM, or anƟ-carbamylated protein (anƟ-CarP) IgG at baseline that had serum available for re-
measurement (n = 155). 

Pairwise comparisons between each group were not signiĮcant aŌer mulƟple tesƟng (see text). 
a Percentage of paƟents with the speciĮed number of isotypes present reaching iniƟal DFR. The 
composite number of isotypes consists of the posiƟvity count for anƟ-CCP2 IgG, IgM, IgA; RF IgM, 
IgA; and anƟ-CarP IgG, IgM, IgA. Due to the technical success rate of isotype measurements, 
and some seroposiƟve paƟents tesƟng negaƟve upon re-measurement (see AddiƟonal Įle 1: 
Figure S1), the total number of paƟents included in a is 140. b Percentage of paƟents with the 
speciĮed number of anƟ-modiĮed protein anƟbodies (AMPAs) present reaching iniƟal DFR. The 
composite number of AMPAs consists of the posiƟvity count for anƟ-CCP2 IgG, anƟ-CarP IgG, 
anƟ-citrullinated-vimenƟn 59-74 IgG, anƟ-citrullinated-Įbrinogen β 36-52 IgG, α 27-43 IgG, anƟ-
citrullinated-enolase 5-20 IgG, anƟ-acetylated-lysine IgG, and anƟ-acetylated-ornithine IgG. 
c Percentage of paƟents with the speciĮed number of anƟbodies present reaching iniƟal DFR. 
Abs, anƟ-citrullinated Abs, anƟ-acetylated pepƟde anƟbodies. Reported p values are adjusted 
for mulƟple tesƟng using Holmes-Bonferroni methods. ns, not signiĮcant (p ≥ 0.05); *p < 0.05; 
**p < 0.01, ***p < 0.001
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This trend remained when examining the number of isotypes present separately for 
each anƟbody family and the number of anƟbodies present against citrullinated/
acetylated pepƟdes (Figure 3c). The presence of an anƟ-CCP2 IgM and/or IgA isotype 
within paƟents posiƟve for anƟ-CCP2 IgG did not decrease the chance of iniƟal DFR, 
nor did the presence of RF IgA in paƟents posiƟve for convenƟonal RF IgM (data not 
shown). Presence of a speciĮc isotype or anƟbody did not confer increased or decreased 
chance of reaching iniƟal DFR (Additional file 1: Figure S4B).

We invesƟgated whether the autoanƟbody proĮle at the moment of tapering had a 
similar associaƟon with iniƟal DFR as the baseline proĮle. PaƟents received tapered 
methotrexate at 8 months if they achieved early remission, allowing them to reach 
iniƟal DFR between 12 months and 2 years. SeroposiƟve paƟents with more isotypes 
at 8 months (i.e. the moment of tapering) tended to achieve less iniƟal DFR than those 
with few isotypes, but this eīect was not as clear as observed in relaƟon to the baseline 
proĮle (Figure 4a). PaƟents with more AMPAs at 8 months achieved slightly less iniƟal 
DFR (1–2 AMPAs vs 3–4, 5–6, and 7–8 AMPAs, respecƟvely: 38% vs 24% (p = 0.025), 10% 
(p = 0.004), and 13% (p = 0.023) (Figure 4b)), but only the comparison of 1–2 AMPAs 
with 5–6 AMPAs remained signiĮcant aŌer correcƟon for mulƟple tesƟng. When 
examining the anƟbody families separately, there was no clear paƩern indicaƟng that 
more isotypes or reacƟvity against citrullinated/acetylated pepƟdes was associated 
with less iniƟal DFR (Figure 4c).

Long-term sustained DFR
Finally, we wished to determine whether the baseline autoanƟbody proĮle was 
associated with the most favourable long-term outcome of long-term sustained DFR. 
FiŌy-seven percent of paƟents that had iniƟal DFR also achieved long-term sustained 
DFR, deĮned as at least 1 year of DFR lasƟng unƟl the last follow up, an outcome 
approximaƟng disease cure. For paƟents that were not in early remission at 4 months 
and therefore could not achieve iniƟal DFR, it was sƟll possible to taper medicaƟon at a 
later stage and reach long-term sustained DFR. In the full RA cohort, baseline anƟ-CCP2 
IgG posiƟve paƟents reached this outcome signiĮcantly less oŌen than their negaƟve 
counterparts (10% vs 26% (p < 0.001)); RF IgM and anƟ-CarP IgG posiƟve paƟents 
followed a similar trend (14% vs 19% (p = 0.05).
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Figure 4: AssociaƟon between 8-month autoanƟbody proĮle and iniƟal drug-free remission 
(DFR) in paƟents seroposiƟve for anƟ-citrullinated protein 2 (anƟ-CCP2) IgG, rheumatoid factor 
(RF) IgM, or anƟ-carbamylated protein (anƟ-CarP) IgG at baseline, who had serum available for 
re-measurement at 8 months (n = 103).

Pairwise comparisons between each group were not signiĮcant aŌer mulƟple tesƟng (see text). 
a Percentage of paƟents with the speciĮed number of isotypes present reaching iniƟal DFR. The 
composite number of isotypes consists of the posiƟvity count for anƟ-CCP2 IgG, IgM, IgA; RF 
IgM, IgA; and anƟ-CarP IgG, IgM, IgA. b Percentage of paƟents with the speciĮed number of 
anƟ-modiĮed protein anƟbodies (AMPAs) present reaching iniƟal DFR. The composite number of 
AMPAs consists of the posiƟvity count for anƟ-CCP2 IgG, anƟ-CarP IgG, anƟ-citrullinated-vimenƟn 
59-74 IgG, anƟ-citrullinated-Įbrinogen β 36-52 IgG and α 27-43 IgG, anƟ-citrullinated-enolase 
5-20 IgG, anƟ-acetylated-lysine IgG, and anƟ-acetylated-ornithine IgG. c Percentage of paƟents 
with the speciĮed number of anƟbodies present reaching iniƟal DFR. Abs, anƟ-citrullinatedAbs, 
anƟ-acetylated pepƟde anƟbodies. Reported p values are adjusted for mulƟple tesƟng using 
Holmes-Bonferroni methods. ns, not signiĮcant (p ≥ 0.05); *p < 0.05; **p < 0.01, ***p < 0.001

In contrast to the previous results on iniƟal DFR (broad baseline autoanƟbody response: 
decreased chance of iniƟal DFR), there was no diīerence in rates of long-term sustained 
DFR between seroposiƟve paƟents with many isotypes versus few isotypes, or between 
paƟents with many AMPAs versus few AMPAs (Figure 5a, b). Furthermore, when 
separately assessing the number of isotypes in a family and the number of anƟbodies 
present against citrullinated/acetylated pepƟdes, there were also no diīerences in 
long-term sustained DFR rates (Figure 5c). Only anƟ-CarP isotypes showed a trend 
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that was no longer present aŌer correcƟon for mulƟple tesƟng: one isotype versus two 
isotypes and three isotypes, respecƟvely: 20% vs 12% (p = 0.49) and 5% (p = 0.02). The 
presence of an anƟ-CCP2 IgM and/or IgA isotype within paƟents posiƟve for anƟ-CCP2 
IgG did not decrease the chance of long-term sustained DFR, nor did the presence of a 
RF IgA in paƟents posiƟve for convenƟonal RF IgM (data not shown). Last, posiƟvity to a 
speciĮc isotype or anƟbody did not confer increased or decreased chances of reaching 
long-term sustained DFR (Additional file 1: Figure S4C).

Figure 5: AssociaƟon of baseline autoanƟbody proĮle with long-term sustained drug-free 
remission (DFR) in paƟents seroposiƟve for anƟ-citrullinated protein 2 (anƟ-CCP2) IgG, rheumatoid 
factor (RF) IgM, or anƟ-carbamylated protein (anƟ-CarP) IgG at baseline (n = 336).

Pairwise comparisons between each group were not signiĮcant aŌer mulƟple tesƟng (see text). a 
Percentage of paƟents with the speciĮed number of isotypes present reaching long-term sustained 
DFR. The composite number of isotypes consists of the posiƟvity count for anƟ-CCP2 IgG, IgM, IgA; 
RF IgM, IgA; and anƟ-CarP IgG, IgM, IgA. Due to the technical success rate of isotype measurements, 
and some seroposiƟve paƟents tesƟng negaƟve upon re-measurement (see AddiƟonal Įle 1: Figure 
S1), the total number of paƟents included in a is 309. b Percentage of paƟents with the speciĮed 
number of anƟ-modiĮed protein anƟbodies (AMPAs) present reaching long-term sustained DFR. 
The composite number of AMPAs consists of the posiƟvity count for anƟ-CCP2 IgG, anƟ-CarP IgG, 
anƟ-citrullinated-vimenƟn 59-74 IgG, anƟ-citrullinated-Įbrinogen β 36-52 IgG and α 27-43 IgG, 
anƟ-citrullinated-enolase 5-20 IgG, anƟ-acetylated-lysine IgG, and anƟ-acetylated-ornithine IgG. c 
Percentage of paƟents with the speciĮed number of anƟbodies present reaching long-term sustained 
DFR. Abs, anƟ-citrullinatedAbs, anƟ-acetylated pepƟde anƟbodies
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It is conceivable that paƟents who achieved early remission had diīerent chances 
of reaching long-term sustained DFR than the full IMPROVED populaƟon examined 
here, and that results would have been diīerent for the paƟents who achieved early 
remission. To invesƟgate this, we performed sensiƟvity analysis of the associaƟon 
between baseline anƟbody proĮle and long-term sustained DFR in only the paƟents 
who achieved early remission. The results were the same in this group as in the whole 
cohort (Additional file 1: Figure S5).

DISCUSSION

The present study explored the link between the humoral autoimmune response 
and clinical outcomes by invesƟgaƟng whether the breadth of paƟents with RA with 
a seroposiƟve autoanƟbody proĮle was associated with early and late treatment 
outcomes. We were able to show, for the Įrst Ɵme, that the number of autoanƟbodies 
at baseline was independently and dose-dependently associated with a greater 
decrease in the DAS aŌer 4 months of convenƟonal DMARD therapy. Conversely, 
a broad autoanƟbody proĮle at baseline was associated with a smaller chance of 
achieving DFR at early stages of aƩempted drug tapering (iniƟal DFR), but not later in 
the treatment regimen, where long-term sustained DFR was unrelated to the breadth 
of the autoimmune response. We also found that reassessing the autoanƟbody proĮle 
at the moment of drug-tapering does not provide addiƟonal informaƟon about the 
chance of successfully disconƟnuing medicaƟon to that provided by the baseline proĮle.

We examined three primary outcomes: iniƟal DAS response, iniƟal DFR, and long-term 
sustained DFR. LiƩle is known about the relaƟonship between iniƟal DAS response and 
autoanƟbody proĮle in RA. Although some studies suggest that seroposiƟve paƟents 
with RA with a high level or large number of autoanƟbodies have a beƩer response to 
B cell-depleƟng therapy (25, 26), this is the Įrst study that shows that the magnitude 
of seroposiƟvity is favourable for DAS response under convenƟonal syntheƟc DMARD 
therapy as well.

As for the second outcome, iniƟal DFR, Figueiredo et al. recently showed that paƟents 
with a broad paƩern of AMPA response are at high risk of disease relapse in the Įrst year 
aŌer DMARD tapering (27). Although the trend we found for iniƟal DFR was signiĮcant 
for the number of AMPAs, our Įndings do not fully support Figueiredo’s observaƟon 
that a broad autoanƟbody proĮle is unfavourable for DFR because we did not idenƟfy 
a dose-dependent eīect. The most likely reason is that we used a diīerent, more 
stringent outcome (i.e. maintaining DFR for a full year) and that we only measured 
seroposiƟve paƟents. As such, we had no paƟents with zero anƟbodies at baseline, 
whereas Figueiredo et al. did have such paƟents, and the contrast with paƟents with 
more anƟbodies was less striking. We also invesƟgated whether the autoanƟbody proĮle 
at the moment of drug tapering (8 months in the IMPROVED study) instead of at baseline 
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determines the chance of successfully disconƟnuing medicaƟon without disease Ňare. 
We found that a broad proĮle at this moment was not associated with iniƟal DFR. These 
Įndings are relevant as they indicate that characterising the autoanƟbody proĮle at the 
moment of tapering does not yield addiƟonal informaƟon over baseline.

Last, we found that the ability to achieve the third outcome, long-term sustained DFR 
(at least 1 year of DFR unƟl the last follow up), was independent of the breadth of the 
baseline autoanƟbody proĮle. Instead, baseline seroposiƟvity for anƟ-CCP2 IgG was 
the only relevant factor associated with inability to achieve long-term sustained DFR, 
which is similar to other publicaƟons describing presence of anƟ-CCP2 IgG and RF IgM 
as a poor prognosƟcator of long-term drug-free remission (1-5).

Together, these results indicate that the breadth of the autoanƟbody response in 
seroposiƟve paƟents is relevant for early treatment response, somewhat relevant 
for early aƩempted drug tapering, but irrelevant for later outcomes (Figure 6). The 
presence of mulƟple anƟbodies at baseline may indicate an acƟve, ongoing autoimmune 
response against various post-translaƟonally modiĮed proteins and anƟgenic targets 
present in RA, and reŇects extensive isotype switching. It is likely that such acƟve 
immune responses are more suscepƟble to suppression by methotrexate and 
prednisone in the iniƟal stages, as evidenced by the stronger early DAS improvement.

Figure 6: Summary of results. Colours of the anƟbodies indicate diversity in anƟgenic targets, 
and structures indicate diversity in the isotype usage. A broad baseline proĮle (leŌ) is favourable 
for early response, but has no associaƟon with long-term outcomes like drug-free remission, as 
compared to a less broad baseline proĮle (right). The associaƟon with the breadth of the baseline 
proĮle diminishes with Ɵme



63

Baseline autoanƟbody proĮle and treatment outcomes

The associaƟon between the breadth of the autoanƟbody proĮle and disease outcomes 
diminished in magnitude as the outcome invesƟgated became further removed from 
baseline. This implies that the breadth of baseline autoanƟbody proĮle is mostly 
relevant for short-term outcomes, and has implicaƟons for the mechanisms underlying 
disease chronicity. It has recently been shown that memory B-cells expressing anƟ-
citrullinated pepƟde anƟbodies (ACPA) persist in the circulaƟon (28, 29), despite 
convenƟonal DMARD use and remission of synovial disease (30). These data indicate 
the persistent presence of a populaƟon of auto-reacƟve B cells that is not aīected by 
therapy. Perhaps the best indicator of this long-lived autoimmunity that accounts for 
the inability to become drug-free in the long run is presence of this persistent B cell 
populaƟon (the presence of which can be best measured by the anƟ-CCP IgG test), 
rather than the recogniƟon of mulƟple modiĮed anƟgens or the presence of mulƟple 
autoanƟbody isotypes at baseline. This would explain why anƟ-CCP2 IgG posiƟvity 
(Įrmly established in the literature) but not more anƟbodies (as in this study) is a poor 
prognosƟc factor for DFR.

Another explanaƟon why the breadth of the autoanƟbody response is only important 
for early outcomes (i.e. DAS and iniƟal DFR) could be that the autoanƟbody proĮle 
changes during treatment preceding late aƩempted drug tapering. Indeed, this seemed 
to be the case as some seroconversion happened between baseline and 8 months. 
However, considering that the proĮle at the moment of tapering did not yield more 
informaƟon than the baseline proĮle for the outcome iniƟal DFR, it does not appear very 
likely that characterising the proĮle at even later Ɵme points would have yielded more 
informaƟon on later outcomes (i.e. long-term sustained DFR). Furthermore, changes in 
anƟbody proĮle were not the focus of the current invesƟgaƟon.

This study has a few limitaƟons. We chose not to correct for baseline DAS in the case 
of ΔDAS 0–4 months because doing so may lead to biased results when the explicit 
outcome of interest is change from baseline (31). We also performed in-depth 
serotyping only in paƟents posiƟve for anƟ-CCP2 IgG, RF IgM, and/or anƟ-CarP IgG, 
so it is possible that we missed some paƟents who harboured a certain isotype or 
Įne-speciĮcity. However, it has been shown that the occurrence of IgA and IgM anƟ-
CCP2 and responses to citrullinated and acetylated pepƟdes are largely conĮned to the 
anƟ-CCP2 IgG posiƟve subset. No data are available for anƟ-CarP isotypes, but it seems 
likely that our broad deĮniƟon of seroposiƟvity would have captured most anƟ-CarP 
isotypes as well, especially since anƟ-CarP is known to co-occur with anƟ-CCP2 IgG or 
RF IgM (32).

Strengths of the current study include that, to the best of our knowledge, it is the 
broadest autoanƟbody proĮle invesƟgaƟon in RA to date (eight isotypes and six Įne 
speciĮciƟes within four autoanƟbody systems), in a cohort with an excepƟonally long 
follow up. Furthermore, it is the Įrst study that invesƟgates the relaƟonship between 
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the number of autoanƟbodies and early response to convenƟonal DMARD therapy. 
The associaƟons we idenƟĮed cannot be explained by diīerences in treatment 
or in demographic characterisƟcs, as we adjusted all analyses for these. Last, we 
characterized the anƟbody proĮle both at baseline and at the moment of aƩempted 
drug-tapering, something that, to our knowledge, has not been invesƟgated thus far.

CONCLUSIONS

This large study shows that seroposiƟve paƟents with RA with a broader autoanƟbody 
proĮle at baseline iniƟally respond beƩer to treatment and have a slightly worse 
chance of achieving DFR at early stages, but that the magnitude of seroposiƟvity 
does not aīect the ability to taper oī medicaƟon and remain in remission later in 
disease. In early stages of disease, a broad autoanƟbody proĮle may reŇect acƟve 
humoral immunity, which could make the underlying disease processes iniƟally more 
suppressible by medicaƟon. The importance of the baseline autoanƟbody proĮle for 
treatment outcomes diminishes over Ɵme.
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SUP  PL EMENTARY FIGURES

Supplementary Figure S 1: Agreement between previously determined anƟbody status and 
remeasurement by ELISA (n=356). A) ProporƟonal Venn diagrams displaying agreement between 
posiƟvity in the previously determined anƟbody measurement (for anƟ-CCP2 IgG and RF IgM, 
by commercial tesƟng; for anƟ-CarP, in-house ELISA) and the remeasurement (all by in-house 
ELISA). All samples posiƟve for any anƟbody were remeasured for the presence of all anƟbodies. 
According to Cohen’s κ, there was moderate to good agreement between measurements: anƟ-
CCP2 IgG κ=0.82 (p<0.001); RF IgM κ=0.44 (p<0.001); anƟ-CarP IgG κ=0.75 (p<0.001). The number 
of paƟents included in each Venn diagram may be less than 356 due to missing values in the 
previously determined measurement. B) Dotplots represenƟng the arbitrary units (aU/mL) of 
each anƟbody for the remeasurement by in-house ELISA within the subset of paƟents that was 
previously determined to be negaƟve. Levels upon remeasurement are generally low, suggesƟng 
that the discrepancy in posiƟvity between previosly determined and remeasurement may be due 
to cut-oī or inter-test variaƟon. The three paƟents with high levels upon remeasurement in all 
three ELISAs are not the same paƟents.
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Supplementary Figure S 2: Overlap of isotypes and anƟbodies at baseline upon remeasurement 
by ELISA. Two- and three-way Venn diagrams are proporƟonal to the number of paƟents indicated 
in overlap. There was strong overlap of anƟ-CCP2 IgG posiƟvity and reacƟvity to citrullinated 
pepƟdes. Of 292 anƟ-CCP2 IgG posiƟve paƟents, only 8,2% had no reacƟvity to any citrullinated 
pepƟde. Conversely, of 64 anƟ-CCP2 IgG negaƟve paƟents, 15,6% harboured reacƟvity to at least 
one citrullinated pepƟde.

Cit = citrullinated. Vim = vimenƟn; Fib = Įbrinogen; Eno = enolase; Lys = lysine; Orn = ornithine. 
Acetyl = acetylated. Lys = lysine; Orn=ornithine.

3
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Supplem entary Figure S 3: DAS (mean +/- 95% conĮdence intervals) over Įrst year of treatment (4 
month intervals), separated by baseline serological status and breadth of autoanƟbody response. 
Adjusted for age, gender, smoking, body mass index, baseline Health Assessment QuesƟonnaire 
and baseline DAS. A) DAS over Ɵme separated for baseline autoanƟbody seroposiƟvity based on 
anƟ-CCP2 IgG, RF IgM, or anƟ-CarP IgG posiƟvity. B) Within baseline seroposiƟve paƟents, DAS 
over Ɵme separated for the total number of isotypes present (anƟ-CCP2 IgG, IgM, IgA; RF IgM, 
IgA; anƟ-CarP IgG, IgM, IgA). C) Within baseline seroposiƟve paƟents, DAS over Ɵme separated 
for the total number of anƟ-modiĮed pepƟde anƟbodies present (anƟ-CCP2 IgG, anƟ-CarP IgG, 
citrullinated-vimenƟn 59-74, citrullinated-Įbrinogen β 36-52 and α 27-43, citrullinated-enolase 
5-20, acetylated-lysine, acetylated-ornithine). Thirty-eight paƟents were RF IgM posiƟve but had 
no AMPAs (not shown).

Reported P-values are adjusted for mulƟple tesƟng using Holmes-Bonferroni methods. ns: not 
signiĮcant (p≥0.05); *: p<0.05; **: p<0.01, ***: p<0.001
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Suppleme ntary Figure S 4: IniƟal change in DAS and DFR outcomes within paƟents posiƟve for 
the indicated individual anƟbody. No staƟsƟcal tesƟng was possible as paƟent groups overlap 
(see Supplementary Figure S 2). A) IniƟal change in DAS (mean +/- 95% conĮdence intervals) from 
baseline to 4 months within paƟents posiƟve for anƟ-CCP2 IgG, RF IgM, or anƟ-CarP IgG. B) 
Percentage of paƟents posiƟve for the speciĮed anƟbody that reached iniƟal DFR. C) Percentage 
of paƟents posiƟve for the speciĮed anƟbody that reached long-term sustained DFR.

AnƟ-cit. pept. Abs = anƟ-citrullinated pepƟde anƟbodies; AnƟ-acetyl. pept. Abs = anƟ-
acetylated pepƟde anƟbodies; Vim = vimenƟn; Fib = Įbrinogen; Eno = enolase; Lys = lysine; 
Orn = ornithine.
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﻿Supplementary Figure S 5: AssociaƟon of baseline autoanƟbody proĮle with long-term sustained 
drug-free remission within paƟents that reached early remission and had outcome data available 
(A; n=199) and in only paƟents seroposiƟve for anƟ-CCP2 IgG, RF IgM, or anƟ-CarP IgG (B-D; 
n=154). Adjusted for age, gender, smoking, body mass index, baseline Health Assessment 
QuesƟonnaire and baseline DAS.

A) Percentage of anƟ-CCP2 IgG, RF IgM, or anƟ-CarP IgG posiƟve and negaƟve paƟents 
reaching long-term sustained DFR aŌer early remission. B) Within baseline seroposiƟve paƟents, 
percentage of paƟents with the speciĮed number of isotypes present reaching long-term sustained 
DFR aŌer early remission. The composite number of isotypes consists of the posiƟvity count for: 
anƟ-CCP2 IgG, IgM, IgA; RF IgM, IgA; anƟ-CarP IgG, IgM, IgA. Due to the technical success rate 
of isotype measurements and some seroposiƟve paƟents tesƟng negaƟve upon re-measurement 
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(see Supplementary Figure S2), the total number of paƟents included in S6B is 139. C) Within 
baseline seroposiƟve paƟents, percentage of paƟents with the speciĮed number of AMPAs present 
reaching long-term sustained DFR aŌer early remission. The composite number of AMPAs consists 
of the posiƟvity count for: anƟ-CCP2 IgG, anƟ-CarP IgG, anƟ-citrullinated-vimenƟn 59-74 IgG, 
anƟ-citrullinated-Įbrinogen β 36-52 IgG and α 27-43 IgG, anƟ-citrullinated-enolase 5-20 IgG, 
anƟ-acetylated-lysine IgG, anƟ-acetylated-ornithine IgG. Eleven paƟents were RF IgM posiƟve 
but had no AMPA anƟbodies (not shown). D) Within baseline seroposiƟve paƟents, percentage 
of paƟents with the speciĮed number of anƟbodies present reaching long-term sustained DFR 
aŌer early remission.
Reported P-values are adjusted for mulƟple tesƟng using Holmes-Bonferroni methods. ns: not 
signiĮcant (p≥0.05); *: p<0.05; **: p<0.01, ***: p<0.001
AnƟ-cit. pept. Abs = anƟ-citrullinated pepƟde anƟbodies; AnƟ-acetyl. pept. Abs = anƟ-acetylated 
pepƟde anƟbodies

3
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LETTER

In rheumatoid arthriƟs (RA), it is becoming common to aƩempt to taper or stop 
medicaƟon, aiming for sustained drug-free remission (SDFR). AutoanƟbody seroposiƟvity 
is a poor prognosƟc factor for this treatment goal. However, autoanƟbody levels may 
change and paƟents may become seronegaƟve, someƟmes termed ‘immunological 
remission’(1). Understanding how oŌen this occurs and whether it is favourable 
for achieving SDFR is important to determine whether becoming seronegaƟve is a 
meaningful prognosƟc marker for drug tapering decisions. Furthermore, it will elucidate 
pathways that lead to long-term resoluƟon of the pathophysiology underlying RA.

To that end, we invesƟgated the relaƟonship between seroconversion and SDFR. In 
baseline and 1-year serum of 381 paƟents with seroposiƟve RA, we measured 14 
RA-associated autoanƟbodies by ELISA(2): anƟ-CCP2 IgG, IgM and IgA; rheumatoid 
factor IgM and IgA; anƟ-CarP IgG, IgM and IgA; anƟ-acetylated lysine vimenƟn IgG and 
anƟ-acetylated ornithine vimenƟn IgG (Orgentec DiagnosƟka , Germany); and anƟ-
citrullinated vimenƟn 59–74 IgG, anƟ-citrullinated Įbrinogen β 36–52 and α 27–43 
IgG, anƟ-citrullinated enolase 5–20 IgG. PaƟents originated from the IMPROVED study 
(3), a randomised controlled treat-to-target trial of early (<2 years) untreated RA, 
steered at disease acƟvity score remission (DAS44<1.6) and DFR, with iniƟal treatment 
of methotrexate and high-dose prednisone. We invesƟgated whether becoming 
seronegaƟve over the Įrst year of treatment improves chances of long-term SDFR, 
deĮned as remission lasƟng at least 1 year, starƟng at any Ɵme point and held unƟl the 
last moment of that individual’s follow-up (maximum 5 years).

The prevalence of seroconversion from posiƟve to negaƟve between 0 and 12 months 
varied substanƟally depending on the autoanƟbody from 2% (anƟ-CCP2 IgG) to 66% 
(anƟ-CarP IgA) (Figure 1), occurring mostly in low-posiƟve paƟents (supplementary 
table S1). Demographic and clinical characterisƟcs at baseline and 1 year in 
paƟents with seroconversion versus those without did not show marked diīerences 
(supplementary table S1). Of the 359 paƟents who had outcome data available, 48 
(13.4%) achieved long-term SDFR. Intriguingly, seroconversion from posiƟve to negaƟve 
was not associated with a greater chance of achieving long-term SDFR for any of the 14 
anƟbodies tested (figure 1A). To invesƟgate whether these Įndings were inŇuenced by 
low-posiƟve paƟents whose autoanƟbody levels merely Ňuctuated around the cut-oī, a 
sensiƟvity analysis was conducted including only paƟents whose baseline autoanƟbody 
levels were above the median, with similar results (supplementary figure S1). Of the 
170 seroposiƟve paƟents with complete anƟbody data at 0 and 12 months, only six 
(3.5%) seroconverted to completely seronegaƟve by 12 months; 33% (2/6) of these 
completely seroconverted paƟents achieved long-term SDFR, compared with 11.6% 
(19/164) of paƟents who were posiƟve for at least one anƟbody (p=0.11). PaƟents who 
seroconverted to negaƟve for a larger number of autoanƟbodies did not achieve long-
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term SDFR more oŌen than those who seroconverted for fewer (figure 1B). RelaƟve 
changes in autoanƟbody levels between 0 and 12 months did not diīer between 
paƟents with or without long-term SDFR (data not shown).

The clinical signiĮcance of seroconversion in RA and especially its relaƟonship with 
long-term SDFR, an approximaƟon of disease ‘cure’ of RA, is a topic of major interest F. 
Previous studies found no associaƟon of seroconversion with remission or radiographic 
damage (4, 5). We here invesƟgated the associaƟon between seroconversion and the 
most favourable long-term outcome of RA, SDFR, and found no associaƟon. Thus, it 
appears that seroconversion (as measured by current standards) does not idenƟfy 
a group of paƟents in whom the underlying immunopathology has been favourably 
modulated, that is, paƟents in true immunological remission, and is not superior to 
signals of low inŇammatory load (e.g. by DAS (6)) for predicƟng successful drug tapering. 
Future studies are needed to idenƟfy whether other immunological parameters such 
as the numbers or phenotype of circulaƟng autoreacƟve B or T cells might be a beƩer 
reŇecƟon of disease persistence and markers for immunological remission.

4
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Figure 1: (A) Number and percentage of baseline seroposiƟve paƟents seroconverƟng (‘Pos 
to Neg’) or non-converƟng (‘Stable pos’) between 0 and 12 months are listed on the leŌ, and 
the percentage of each subset subsequently reaching long-term sustained drug-free remission 
(DFR) is graphically depicted on the right. (B) Number and percentage of baseline seroposiƟve 
paƟents reaching long-term sustained DFR, categorised by the amount of anƟbody reacƟviƟes 
that were lost (i.e. composite of posiƟve-to-negaƟve seroconversion) between 0 and 12 months. 
AnƟ-acetyl pept Abs, anƟ-acetylated pepƟde anƟbodies; AnƟ-cit pept Abs, anƟ-citrullinated 
pepƟde anƟbodies; RF, rheumatoid factor
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Seroconversion and drug-free remission

Supplementary Figure S1: SensiƟvity analysis within paƟents with baseline anƟbody levels above 
the median for each anƟbody. Number and percentage of baseline paƟents seroconverƟng 
(“Pos to Neg”) or non-converƟng (“Stable pos”) between 0-12 months are listed on the leŌ, and 
the percentage of each subset subsequently reaching long-term sustained DFR is graphically 
depicted on the right. AnƟ-acetyl. pept. Abs = anƟ-acetylated pepƟde anƟbodies. AnƟ-cit. pept. 
Abs = anƟ-citrullinated pepƟde anƟbodies.
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ABSTRACT

Background
Rheumatoid arthriƟs (RA) is characterized by the presence of autoanƟbodies like 
rheumatoid factor (RF), anƟ-cyclic citrullinated pepƟde-2 (anƟ-CCP2), and anƟ-
carbamylated protein (anƟ-CarP) anƟbodies. It is currently unclear whether changes 
in autoanƟbody levels are associated with disease acƟvity/treatment outcomes 
and whether they are modiĮed by treatment intensity. Therefore, we determined 
longitudinal changes in RA-autoanƟbody levels, the associaƟon between these 
changes and acƟvity score (DAS) and treatment outcomes, and the eīect of intensity 
of immunosuppressive treatment on levels.

Methods
In 381 seroposiƟve RA paƟents from the IMPROVED study, we measured IgG, IgM, and 
IgA of anƟ-CCP2 and anƟ-CarP; IgM and IgA of RF; and IgG against four citrullinated 
and two acetylated pepƟdes at 4-month intervals over the Įrst year of treatment. 
Following iniƟal prednisone and methotrexate (MTX), treatment was changed every 
4 months aiming for DAS < 1.6. We invesƟgated changes in autoanƟbody levels following 
treatment escalaƟon versus tapering, and the associaƟon of levels with DAS over Ɵme, 
EULAR response, and drug-free remission (DFR) ≥ 1 year.

Results
For all 14 autoanƟbodies, levels decreased from 0 to 4 months and then rose unƟl 
12 months. Following treatment escalaƟon, autoanƟbody levels dropped markedly, 
while they rose following tapering: RF IgM levels, a representaƟve autoanƟbody, 
dropped 10% aŌer restarƟng prednisone and rose 15% aU/mL aŌer tapering MTX 
(p < 0.0001). There was no associaƟon between autoanƟbody levels and DAS over Ɵme 
or EULAR response. Greater relaƟve changes between 0 and 12 months did not predict 
DFR (0–12-month relaƟve change RF IgM, − 39% for no DFR (n = 126) and − 16% for DFR 
(n = 18)).

Conclusions
Changes in RA-autoanƟbody levels are not associated with DAS or long-term treatment 
response, but reŇect intensity of immunosuppression. This suggests that autoanƟbody 
levels are modiĮable by current therapies, but that modifying levels is in itself of limited 
clinical relevance.

Trial registraƟon
ISRCTN11916566. Registered on 7 November 2006
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AutoanƟbody level changes and treatment outcomes

INTRODUCTION

Rheumatoid arthriƟs (RA) is a chronic inŇammatory joint disease characterized by 
the presence of autoanƟbodies. Rheumatoid factor (RF) and anƟ-cyclic citrullinated 
pepƟde-2 (anƟ-CCP2) are the most well-known of these, but other autoanƟbody systems 
such as anƟ-carbamylated protein (anƟ-CarP) and anƟ-acetylated pepƟde anƟbodies 
have also been idenƟĮed (1, 2). AutoanƟbody-posiƟve paƟents have a worse prognosis, 
more radiographic damage, and a lower chance of achieving drug-free remission (3, 4).

Serum concentraƟons of these autoanƟbodies may change over Ɵme. Given the link 
between autoanƟbodies and disease severity and the value of measuring autoanƟbodies 
in other autoimmune diseases, these serological changes in RA may hold promise as an 
accessible biomarker for the future disease course. A substanƟal drop in autoanƟbody 
levels may, for example, be hypothesized to precede successful drug-free remission. 
However, studies documenƟng the relaƟonship between ŇuctuaƟons in autoanƟbodies 
and disease acƟvity have been conŇicƟng (5-7). Importantly, most of these studies did 
not account for factors like intensity of immunosuppressive treatment, which likely 
inŇuences both level changes and disease acƟvity. It is unknown whether changes 
in autoanƟbody levels reŇect immunosuppressive therapy, or whether changes are 
indicaƟve of future disease course. Furthermore, most studies invesƟgated a limited 
number of autoanƟbodies and did not take “newer” autoanƟbodies into account, such 
as anƟ-CarP, which has been described to be associated with disease acƟvity (8).

Because of this, the clinical implicaƟons of changes in autoanƟbody levels remain 
unclear, but are potenƟally relevant for two reasons. First, if autoanƟbody levels are a 
marker of future disease acƟvity, it may be useful to measure pre-treatment values or 
monitor level changes over Ɵme. Second, understanding the changes in autoanƟbody 
levels and their associaƟon with both immunosuppression and disease acƟvity might 
shed new light on mechanisms underlying the B cell autoimmune response in RA and its 
role in disease persistence. To that end, we longitudinally characterized changes in RA-
associated autoanƟbody levels over Ɵme and invesƟgated whether levels are aīected 
by intensity of immunosuppressive treatment, how they associate with disease acƟvity 
over Ɵme, and whether level changes associate with both short-term and long-term 
treatment outcomes.

5
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METHODS

Study design, paƟent selecƟon, and outcomes
The InducƟon therapy with Methotrexate and Prednisone in Rheumatoid Or Very Early 
arthriƟc Disease (IMPROVED) study is a mulƟcenter, randomized controlled trial that 
enrolled 610 paƟents with early (< 2 years) untreated RA or undiīerenƟated arthriƟs. 
It was steered at disease acƟvity score-remission (DAS44 < 1.6) and for those achieving 
remission, at drug-free remission (DFR), with treatment adjusted every 4 months 
according to whether treatment targets had been reached. IniƟal treatment comprised 
methotrexate (MTX) and high-dose prednisone (4).

Subjects selected for this study were all 381 paƟents fulĮlling the 2010 ACR/EULAR 
RA criteria with serum available at least once within the Įrst year and seroposiƟve by 
rouƟne clinical tesƟng for anƟ-CCP2 IgG, RF IgM, or our in-house assay for anƟ‐CarP IgG 
at baseline or at 1 year (details described in (9)). Clinical outcomes invesƟgated were 
DAS, health assessment quesƟonnaire (HAQ), EULAR response at 4 and 12 months, and 
long-term sustained DFR. Long-term sustained DFR was deĮned as disease-modifying 
anƟ-rheumaƟc drug (DMARD)-free remission lasƟng at least 1 year, starƟng at any Ɵme 
point and conƟnuing unƟl the last moment of that individual’s follow-up (maximum of 
5 years follow-up). Radiographic progression at 1 and 5 years was assessed using the 
Sharp/van der Heijde Score (SHS), as previously described (4).

Serological measurements
Enzyme-linked immunosorbent assays (ELISAs) were used as described previously (9) 
to measure at 4-month intervals over the Įrst year of treatment: anƟ-CCP2 IgG, IgM, 
and IgA; RF IgM and IgA; anƟ-CarP IgG, IgM, and IgA; anƟ-citrullinated-vimenƟn 59–74 
IgG, anƟ-citrullinated-Įbrinogen β 36–52 and α 27–43 IgG, and anƟ-citrullinated-
enolase 5–20 IgG (all in-house assays); and anƟ-acetylated lysine vimenƟn IgG and 
anƟ-acetylated ornithine vimenƟn IgG (Orgentec DiagnosƟka GmbH, Germany) (1). 
Samples were considered posiƟve if they fell above a cutoī of the mean arbitrary units 
(aU) per milliliter plus two standard deviaƟons of 76 sera of healthy controls from the 
Leiden area.

Composites reŇecƟng the number of autoanƟbodies present at every Ɵme point were 
constructed: the number of isotypes: anƟ-CCP2 IgG, IgM, IgA; RF IgM and IgA; anƟ-
CarP IgG, IgM, IgA (range 1–8), and the number of IgG anƟ-modiĮed pepƟde anƟbodies 
(AMPAs): anƟ-CCP2, anƟ-CarP, and the anƟbodies against citrullinated and acetylated 
pepƟdes described above (range 1–8).
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StaƟsƟcal analysis
Longitudinal, repeated measures data (autoanƟbodies, DAS, HAQ) were modeled using 
generalized esƟmaƟng equaƟons (GEE), which allow missing data in the outcome. A 
model with a Toeplitz (m-dependent) correlaƟon structure and a standard Gaussian 
distribuƟon was chosen (akin to linear regression). For the number of autoanƟbodies 
over Ɵme (count data), a negaƟve binomial model was speciĮed.

With repeated measurements of the autoanƟbody levels/number as the dependent 
variable, we invesƟgated by GEE whether a certain treatment decision (4 months, 
no change versus escalaƟon of treatment; 8 months: tapering versus escalaƟon of 
treatment) was associated with a subsequent change in autoanƟbody levels/number. 
An interacƟon term of treatment decision * Ɵme was used to assess whether changes 
in the autoanƟbody levels over Ɵme were diīerent in paƟents that tapered/did not 
change versus those that escalated immunosuppressive therapy. For comparison 
purposes, a normalizaƟon of the diīerent measurement units was applied to the 
Įnal model esƟmates (which were in aU/mL) by dividing them by the maximum of the 
autoanƟbody’s range.

The associaƟon between autoanƟbody levels and DAS over Ɵme was invesƟgated 
using GEE, with DAS as the outcome. The same was conducted for HAQ over Ɵme. 
Ordinal, logisƟc, and linear regression was used to invesƟgate the associaƟon of relaƟve 
changes in autoanƟbody levels/absolute changes in number of autoanƟbodies with 
EULAR response, long-term sustained DFR, and SHS radiographic progression scores, 
respecƟvely.

All models were adjusted for gender and age; clinical outcome analyses were adjusted 
for treatment decisions. Other covariates (i.e., disease duraƟon, smoking, body mass 
index (BMI), baseline HAQ/DAS) were only included in Įnal models if they were 
univariably associated with the outcomes of interest (p < 0.1). Holmes-Bonferroni 
methods were used to correct all analyses for mulƟple tesƟng, assuming the same 
number of tests as autoanƟbodies invesƟgated (14 tests).

5
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RESULTS

AutoanƟbody levels decrease upon iniƟaƟon and escalaƟon of immunosuppressive 
treatment
For all 14 autoanƟbodies, median levels decreased signiĮcantly between baseline and 
4 months when prednisone and MTX were iniƟated, and then stabilized or steadily 
increased unƟl 12 months, while DAS plummeted between 0 and 4 months and 
stayed low between 4 and 12 months (Figure 1; Supplementary Figure S1 for all 

autoanƟbodies).

Due to its design, the IMPROVED study can be used to invesƟgate whether autoanƟbody 
levels might decrease not only upon treatment iniƟaƟon, but also upon decisions 
regarding intensity of immunosuppression, by examining changes in autoanƟbodies 
aŌer treatment was either tapered or escalated. We Įrst looked at the moment in the 
IMPROVED study when one would expect the largest diīerences: at 8 months, paƟents 
that had achieved DAS-remission tapered MTX monotherapy to drug-free, while those 
not in remission escalated therapy by restarƟng prednisone (next to MTX). It was found 
that autoanƟbody levels rose between 8 and 12 months following the decision to taper 
MTX to drug-free and dropped if prednisone was restarted (Figure 2). This Įnding was 
signiĮcant for 12/14 autoanƟbodies.

Ano ther treatment decision was the one made at 4 months: paƟents that achieved 
remission at 4 months conƟnued MTX monotherapy, while those that did not were 
randomized to one of the two treatment arms, where therapy was escalated by an 
addiƟon of mulƟple DMARDs (prednisone, hydroxychloroquine, and sulfasalazine; arm 
1) or adalimumab (arm 2). Levels consistently rose between 4 and 8 months during 
conƟnued treatment with MTX while they either dropped or stayed relaƟvely stable 
following treatment escalaƟon (Supplementary Figure S2). At this moment, the 
diīerence in treatment intensity was less pronounced than at 8 months (i.e., no paƟents 
tapered to drug-free), as were the diīerences in autoanƟbody level changes.

The total autoanƟbody number changed in a manner similar to the changes in levels, 
both at treatment iniƟaƟon (Supplementary Figure S1) and for the decision at 4 and 
at 8 months (not shown).

This indicates that autoanƟbody levels are responsive to immunosuppression and likely 
change upon decisions to escalate or taper therapy. The next quesƟon was whether 
these autoanƟbody changes are associated with treatment outcomes, and thus whether 
the changes in autoanƟbody levels in response to treatment might be clinically relevant 
to monitor over Ɵme.
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Figure 2 AutoanƟbody levels change following treatment decisions.

Change in autoanƟbody levels (calculated by GEE) following treatment decision at 8 months, 
within paƟents that were posiƟve for that autoanƟbody at least once over the Įrst year. Depicted 
regression coeĸcients (β in aU/mL, with 95% CIs) are of the predictor Ɵme from a GEE model 
straƟĮed for the treatment decision, and thus indicate autoanƟbody level changes between 8 
and 12 months for that treatment decision group. Coeĸcients were normalized for comparison 
purposes by dividing by the maximum arbitrary units per milliliter of the ELISA range of each 
autoanƟbody. Models were adjusted for age, gender, smoking status, and disease duraƟon. Bold 
typeface of p values calculated by GEE (interacƟon term treatment*Ɵme) indicates signiĮcance 
aŌer Holmes-Bonferroni correcƟon for mulƟple tesƟng (14 tests)

AutoanƟbody levels are not longitudinally associated with DAS
Given the way both autoanƟbody levels and DAS decreased upon treatment, we 
addressed the quesƟon whether the two are longitudinally and independently 
associated (Table 1). The GEE models reported in Table 1 are congruent with both a 
cross-secƟonal and a longitudinal interpretaƟon. First, a paƟent that is 1 unit (aU/mL) 
higher in an autoanƟbody level is expected, at that moment, to have a higher DAS of 
the indicated magnitude (e.g., 0.011 DAS units per 100 aU/mL anƟ-CCP2 IgG). Second, a 
paƟent that increases 1 unit in an autoanƟbody (for any given Ɵme interval) is expected 
to have an increase in DAS of the indicated magnitude for that same Ɵme interval. 
Although almost all associaƟons of autoanƟbodies and DAS changes were signiĮcant 
(conĮdence intervals do not cross zero), the magnitude of associaƟon was miniscule and 
far from clinically relevant. We conclude that there is no relevant associaƟon between 
autoanƟbody level changes and DAS changes.

AutoanƟbody levels and HAQ were generally not signiĮcantly associated, and if they 
were (signiĮcant for only 3/14 autoanƟbodies), the magnitude of associaƟon was 
similarly minute as found for DAS (not shown).
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Table 1: AssociaƟon of DAS over Ɵme with autoanƟbody levels over Ɵme.

Outcome: DAS over Ɵme n β (95% CI) in DAS units per aU/mL
anƟ-CCP2 IgG (0-1600) 259 1.1x10-4 (9.3x10-6 to 2.0x10-4)
anƟ-CCP2 IgM (0-1400) 129 3.5x10-4 (1.4x10-4 to 5.7x10-4)
anƟ-CCP2 IgA (0-1160) 128 3.6x10-4 (3.8x10-5 to 6.7x10-4)
RF IgM (0-200) 245 1.8x10-3 (8.2x10-4 to 2.8x10-3)
RF IgA (0-200) 188 7.9x10-4 (-8.9x10-5 to 1.7x10-3)
AnƟ-CarP IgG (0-5272) 149 1.1x10-4 (4.1x10-5 to 1.7x10-4)
AnƟ-CarP IgM (0-3650) 128 1.7x10-4 (8.9x10-5 to 2.6x10-4)
AnƟ-CarP IgA (0-3100) 99 2.7x10-4 (1.6x10-4 to 3.8x10-4)
AnƟ-acetyl-lysine IgG (0-1000) 128 2.5x10-4 (2.1x10-5 to 4.7x10-4)
AnƟ-acetyl-ornithine IgG (0-1000) 226 2.0x10-4 (2.4x10-5 to 3.8x10-4)
Cit-Vim IgG (0-10,000) 188 3.7x10-5 (1.2x10-5 to 6.1x10-5)
Cit-Fib α IgG (0-25,000) 88 1.6x10-6 (-2.0x10-5 to 2.3x10-5)
Cit-Fib β IgG (0-100,000) 191 4.2x10-6 (2.2x10-6 to 6.2x10-6)
Cit-Eno IgG (0-70,000) 105 2.9x10-6 (-8.8x10-7 to 6.8x10-6)

Generalized esƟmaƟng equaƟon of the conƟnuous outcome DAS over Įrst year of treatment, 
within paƟents that were posiƟve for that autoanƟbody at least once over the Įrst year. Models 
were adjusted for age, gender, baseline HAQ, Ɵme, randomizaƟon arm at 4 months, and treatment 
decision at 8 months. Values behind autoanƟbody names indicate range (in aU/mL).

Changes in autoanƟbody levels are not associated with EULAR response
Most paƟents (264/381; 70%) had a good EULAR response at 4 months. PaƟents that 
achieved good/moderate EULAR response at 4 months had somewhat higher baseline 
autoanƟbody levels, but this small diīerence was not signiĮcant (data not shown). 
PaƟents that achieved good/moderate EULAR response at 4 months (or at 12 months) 
did not have signiĮcantly greater relaƟve decreases in autoanƟbody levels between 
0 and 4 months (or between 0 and 12 months, respecƟvely) than paƟents with no 
response (Figure 3A-B). Changes in composites of the number of isotypes or AMPAs 
were also not associated with EULAR response (not shown).
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Figure 3: Changes in autoanƟbody levels do not associate with treatment outcomes.

RelaƟve change (%) in autoanƟbody levels (raw data) preceding a EULAR response at 4 months, 
b EULAR response at 12 months, and c long-term sustained DFR. Bold typeface of p values below 
graphs, calculated by ordinal (a, b) and logisƟc (c) regression, indicates signiĮcance aŌer Holmes-
Bonferroni correcƟon for mulƟple tesƟng (14 tests). Besides age and gender, models in a are 
adjusted for baseline DAS and BMI, in b are addiƟonally adjusted for randomizaƟon arm at 
4 months and treatment decision at 8 months, and in c are adjusted for baseline DAS, disease 
duraƟon, and treatment decisions as per b

Changes in autoanƟbody levels are not associated with long-term outcomes like 
sustained DFR or radiographic progression
The next outcome we wished to analyze was long-term sustained DFR, which is the 
closest approximaƟon of RA cure currently available. InteresƟngly, relaƟve changes 
in autoanƟbody levels or number of isotypes or AMPAs between 0 and 12 months did 
not signiĮcantly diīer between paƟents that did and did not achieve DFR (Figure 3C; 
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composites not shown). There was also no associaƟon between autoanƟbody levels 
at 8 months and ability to achieve DFR at 12 months (not shown). This indicates that 
autoanƟbody level changes over the Įrst year of treatment are not informaƟve for the 
ability to become drug-free.

In paƟents with radiographs available, 19% (67/360) had radiographic progression 
(≥ 0.5-point change from baseline) at 1 year, and 52% (152/294) had progression at 
5 years. There was no associaƟon between baseline autoanƟbody levels or relaƟve 
changes in autoanƟbody levels (0–12 months) and radiographic progression points at 
either 1 or 5 years (not shown).

DISCUSSION

In RA, it is unknown whether changes in autoanƟbody levels are associated with 
disease acƟvity and treatment outcomes, or whether levels are modiĮed by intensity 
of immunosuppressive therapy. Most studies have shown that RF (IgM, IgA, and IgG) 
levels decrease aŌer treatment iniƟaƟon with diīerent DMARD classes (5-7, 10, 11), 
while anƟ-CCP2 (IgG) levels decrease only marginally, rebound aŌer decreasing, or do 
not decrease at all (5-7, 10-13). Our results support this noƟon, as mulƟple forms and 
combinaƟons of immunosuppressive medicaƟon in the IMPROVED led to reducƟon of 
autoanƟbody levels. O ur results also showed that RF IgM decreases somewhat more 
than anƟ-CCP2 IgG, in line with previous reports (7).

Although the diagnosƟc and prognosƟc value of tesƟng for autoanƟbody posiƟvity in RA 
is well-established, reports are conŇicƟng regarding the potenƟal associaƟon of level 
ŇuctuaƟons with disease acƟvity in seroposiƟve paƟents (5-7). In the current study, 
there was no relevant associaƟon between autoanƟbody changes and disease acƟvity. 
Moreover, we also found no associaƟon with funcƟonal status, treatment response, or 
long-term outcomes such as DFR and radiographic progression. Instead, autoanƟbody 
level changes seem to be largely a reŇecƟon of immunosuppressive therapy, rather 
than an indicaƟon of disease-speciĮc clinically-relevant processes. Therefore, their 
monitoring over Ɵme seems of limited value.

AutoanƟbody stability in diīerent autoimmune diseases varies substanƟally, with 
some autoanƟbodies ŇuctuaƟng with Ňares of disease, while others remain stable.  
These diīerences may be due to diīerences in longevity and place of residence of the 
autoanƟbody-producing cells. In RA, the synovial compartment appears to funcƟon as 
an inŇammatory niche that promotes long-term survival of anƟ-citrullinated protein 
anƟbody (ACPA)-producing plasma cells (14). ACPA-producing plasmablasts also home 
to the bone marrow and diīerenƟate to long-lived plasma cells there (14, 15). As RA 
disease acƟvity subsides with anƟ-inŇammatory treatment, the survival niches in 
inŇamed joints may be eliminated and plasma cells residing there could be displaced 
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and die (16). Meanwhile, it appears plausible that bone marrow plasma cells remain 
unaīected by resoluƟon of peripheral inŇammaƟon and conƟnue to stably secrete RA-
associated autoanƟbodies. This could explain why circulaƟng autoanƟbodies show an 
iniƟal decrease when treatment is iniƟated or intensiĮed (eliminaƟon of joint survival 
niches) but are never fully eradicated (persistence of bone marrow niches), even in 
the absence of clinical symptoms. Whether the surviving bone marrow B cells/plasma 
cells contribute to the chronic pathogenic cascade remains to be determined. It is 
possible that such contribuƟons may occur via pathways independent of autoanƟbody 
producƟon, such as anƟgen presentaƟon to T cells, cytokine secreƟon, or other 
immunoregulatory mechanisms. T here may also exist autoanƟbody-speciĮc diīerences 
in survival niches that plasma cells uƟlize that might explain why some autoanƟbodies 
change quite substanƟally upon immunosuppressive treatment while others remain 
more stable.

The current Įndings have some limitaƟons. First, we chose not to further dilute serum 
samples above the highest standard of the ELISA, precluding the detecƟon of level 
changes in paƟents with very high concentraƟons. However, sensiƟvity analyses 
excluding these paƟents yielded the same conclusions (not shown). Second, it is possible 
that the autoanƟbody level decreases seen between 0 and 4 months in all paƟents and 
between 8 and 12 months for those with treatment intensiĮcaƟon are primarily due to 
the eīect of prednisone, as prednisone has been shown to decrease total circulaƟng 
immunoglobulin levels, especially IgG (17). The design of this study did not allow us to 
invesƟgate whether this was the case. Thirdly, we do not have serological data in the 
Ɵmeframe between 12 months and the long-term outcomes invesƟgated. It is possible 
that anƟbody changes closer to the outcome are more relevant than those over the 
Įrst year of treatment. F ourth, only the eīect of convenƟonal DMARDs and anƟ-TNF 
has been invesƟgated. It may be that DMARDs with other modes of acƟon, such as 
rituximab, have diīerent eīects on autoanƟbody levels. I t is also possible that the same 
agents applied during a disease state may associate with diīerent level changes than 
demonstrated here, as our results only apply to early RA. F inally, we recognize that 
due to the limited radiographic progression that occurred in the IMPROVED study, we 
lacked sensiƟvity for Įnding a relaƟonship with autoanƟbody levels.

Strengths of this study include the extensive array of autoanƟbodies measured and 
the longitudinal nature of the analyses, which allowed analysis of absolute changes in 
14 diīerent autoanƟbodies spanning four autoanƟbody families in 4-month intervals 
over the Įrst year of treatment while accounƟng for missing serum. The nature of the 
IMPROVED trial and its long follow-up also allowed us to invesƟgate mulƟple short-term 
and long-term outcomes not previously linked to autoanƟbody changes, as well as the 
eīect of immunosuppression on level changes.



103

AutoanƟbody level changes and treatment outcomes

CONCLUSIONS

We conclude that in early RA, changes in autoanƟbody levels do not associate DAS 
over Ɵme or with treatment response. Instead, autoanƟbody level changes seem to be 
a reŇecƟon of treatment intensity. Together, these results suggest that autoanƟbody 
levels change over Ɵme and are modiĮable by commonly used DMARDs, but that 
autoanƟbody level changes are in itself of limited clinical relevance and not useful to 
monitor over Ɵme.
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SUPPLEMENTARY FIGURES

F igure S1: Levels (aU/mL), number of autoanƟbodies, and DAS over 1st year of treatment. 
AutoanƟbody data is from serum of seroposiƟve RA paƟents by ELISA (N 0 months=356; N 4 
months=225; N 8 months=209; N 12 months=212). For levels, paƟents clustered at the maximum 
were above the highest standard of the ELISA. Black and red lines respecƟvely indicate median 
aU/mL and esƟmated marginal mean (EMM) aU/mL with 95% conĮdence intervals (calculated 
by GEE) in paƟents that were posiƟve for that autoanƟbody at least once. Box plots indicate 
median, interquarƟle range, and 10th and 90th percenƟles. P-values (asterisk) refer to the level 
change between two Ɵme-points. *p<0.05 **p<0.01 ***p<0.001 Number of isotypes based on 
anƟ-CCP2 IgG, IgM, IgA; RF IgM, IgA; and anƟ-CarP IgG, IgM, IgA; number of AMPAs based on 
anƟ-CCP2 IgG, anƟ-CarP IgG, anƟ-citrullinated-vimenƟn 59-74 IgG, anƟ-citrullinated-Įbrinogen 
β 36-52 IgG and α 27-43 IgG, anƟ-citrullinated-enolase 5-20 IgG, anƟ-acetylated-lysine IgG, and 
anƟ-acetylated-ornithine IgG.



107

AutoanƟbody level changes and treatment outcomes

5



108

Chapter 5



109

AutoanƟbody level changes and treatment outcomes

Figure S2: AutoanƟbody levels change following treatment decision at 4 months.

Change in autoanƟbody levels (calculated by GEE) following treatment decision at 4 months, 
within paƟents that were posiƟve for that autoanƟbody at least once over the 1st year. EscalaƟon 
of treatment by randomizaƟon comprised addiƟon of prednisone, hydroxychloroquine, and 
sulfasalazine (Arm 1) or of adalimumab (Arm 2) to MTX monotherapy. Depicted regression 
coeĸcients (β in aU/mL, with 95% CIs) are of the predictor Ɵme from a GEE-model straƟĮed for the 
treatment decision, and thus indicate autoanƟbody level changes between 8-12 months for that 
treatment decision group. Coeĸcients were normalized for comparison purposes by dividing by 
the maximum aU/mL of the ELISA range. GEEs were adjusted for age, gender, smoking status, and 
disease duraƟon. Bold typeface of p-values calculated by GEE (interacƟon term treatment*Ɵme) 
indicates signiĮcance aŌer Holmes-Bonferroni correcƟon for mulƟple tesƟng (14 tests).
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ABSTRACT

ObjecƟve
To invesƟgate whether calprotecƟn (S100A8/A9 or MRP8/14), an inŇammatory complex 
released by monocytes, could indicate residual subclinical inŇammaƟon in rheumatoid 
arthriƟs (RA) paƟents who are in stable remission on disease-modifying anƟ-rheumaƟc 
drugs (DMARDs) and serve as a marker for disease Ňare aŌer DMARD tapering.

Methods
We used data from two trials. PaƟents from the IMPROVED study had early (< 2 years) 
RA, and when they achieved disease acƟvity score remission (DAS44 < 1.6), they 
stopped methotrexate to aƩempt drug-free remission. PaƟents from the RETRO study 
had established RA in stable remission (DAS28 < 2.6) and either tapered by 50% or 
stopped (biological or convenƟonal) DMARDs. CirculaƟng calprotecƟn at the tapering 
Ɵme point was determined by ELISA, and its predicƟve value for Ňare (loss of remission) 
within 12 months of DMARD tapering/stopping was determined.

Results
In both IMPROVED (n = 104) and RETRO (n = 57), paƟents that Ňared within 12 months 
had higher calprotecƟn at the moment of DMARD tapering/stopping. Twofold higher 
calprotecƟn at the moment of DMARD tapering/stopping was associated with an 
increased risk (odds raƟo) of Ňare of 1.07 (95% CI 0.98–1.18, p = 0.14) in the IMPROVED 
and 3.62 (95% CI 1.76–7.46, p < 0.001) in the RETRO. CorrecƟng for clinical predictors 
of Ňare (DAS at study inclusion, anƟ-CCP2 posiƟvity, gender) did not change these 
esƟmates. The area under the receiver operaƟng curve of calprotecƟn levels for 
predicƟng Ňare within 12 months was 0.63 (95% CIs 0.51–0.76) in the IMPROVED study 
and 0.80 (95% CIs 0.69 to 0.92) in the RETRO study.

Conclusion
CirculaƟng calprotecƟn levels in RA paƟents in remission on DMARDs are higher in 
paƟents that will Ňare upon DMARD tapering/stopping. Since the diīerences between 
the cohorts precluded deĮniƟve conclusions, more research is needed to determine 
whether calprotecƟn has prognosƟc value in predicƟng Ňare aŌer aƩempƟng drug 
tapering in RA.

Trial registraƟon
IMPROVED, ISRCTN11916566. RETRO, 2009-015740-42.
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INTRODUCTION

In rheumatoid arthriƟs (RA), improvements in the control of inŇammaƟon by 
convenƟonal syntheƟc and biologic disease-modifying anƟrheumaƟc drugs (DMARDs) 
are slowly shiŌing therapeuƟc goals from prevenƟng damage by suppressing disease 
acƟvity to tapering DMARDs in paƟents in stable remission to achieve drug-free 
remission (DFR). However, DFR will not be reached by all RA paƟents in remission, and 
the disease Ňare that can occur aŌer unsuccessful DMARD tapering can increase disease 
burden that could have been avoided if the DMARDs had not been interrupted. Hence, 
idenƟfying factors associated with increased risk of disease Ňare aŌer tapering DMARDs 
would aid clinical decision-making.

Unfortunately, this endeavor has proven diĸcult. Most studies agree that seroposiƟvity 
[both rheumatoid factor (RF) and anƟ-cyclic citrullinated protein anƟbodies (ACPA)], 
shared epitope presence, high disease acƟvity at baseline, and long symptom duraƟon 
are risk factors for Ňaring upon DMARD tapering (1, 2). Residual subclinical inŇammaƟon 
has also been proposed to be a major predictor of Ňare, prompƟng mulƟple studies 
to idenƟfy biomarkers sensiƟve in detecƟng residual inŇammaƟon at the moment of 
tapering, including mulƟbiomarker disease acƟvity scores (3) and inŇammaƟon on imaging 
(1). However, these markers are limited by variable associaƟons and lack of replicaƟon.

More recently, circulaƟng calprotecƟn has gained tracƟon as a promising biomarker 
for RA disease acƟvity. CalprotecƟn, also called S100A8/A9 or myeloid-related protein 
(MRP) 8/14, is a heterodimeric complex of the S100 family consƟtuƟvely expressed in 
leukocytes. During infecƟous and inŇammatory events, calprotecƟn acts as alarmin and 
ampliĮes inŇammaƟon by binding to receptors for advanced glycaƟon end-products 
and Toll-like receptor 4. TradiƟonally measured in feces in inŇammatory bowel disease 
diagnosƟcs, calprotecƟn diīers from hepatocyte-dependent acute-phase reactants 
like C-reacƟve protein (CRP) and erythrocyte sedimentaƟon rate (ESR) because it is 
locally released by leukocytes at the sites of inŇammaƟon (4). In arthriƟs, acƟvated 
granulocytes and Ɵssue-resident macrophages in inŇamed joints may contribute to 
calprotecƟn release. Various studies indicate that calprotecƟn acƟvely promotes 
inŇammaƟon during arthriƟs(5, 6), is elevated in the synovial Ňuid and blood of RA 
paƟents, correlates consistently with markers of RA disease acƟvity, is associated 
with ultrasound-detected inŇammaƟon, predicts future structural damage, and may 
have value in monitoring early response to biological DMARDs(7, 8). Furthermore, in 
juvenile idiopathic arthriƟs (JIA), a high level of calprotecƟn correlated with a high risk 
of relapse aŌer etanercept(9) and methotrexate(10) disconƟnuaƟon. The same was 
true in systemic-onset JIA aŌer anakinra disconƟnuaƟon (11).

All of these Įndings point to the inƟmate link between calprotecƟn, neutrophil acƟvaƟon, 
and inŇammaƟon in arthriƟs. If calprotecƟn indeed indicates residual subclinical 
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inŇammaƟon in RA paƟents who are in stable remission on DMARDs, it could serve as 
a pracƟcal biomarker for future disease Ňare aŌer DMARD tapering and facilitate risk 
straƟĮcaƟon to predict whether DMARD tapering will be successful. Such data could 
aid in clinical decision-making and replace the trial-and-error strategies by which DFR is 
currently—and infrequently—achieved. To that end, we invesƟgated in two independent 
cohorts whether circulaƟng calprotecƟn in paƟents who are in remission on DMARDs is 
associated with risk of disease Ňare aŌer DMARD tapering and disconƟnuaƟon.

METHODS

Study design, paƟent populaƟon, and outcomes
We used data from two mulƟcenter randomized controlled trials: the IMPROVED study 
(an acronym for InducƟon therapy with MTX and Prednisone in Rheumatoid Or Very 
Early arthriƟc Disease) and the RETRO study (an acronym for Study of ReducƟon of 
Therapy in PaƟents with Rheumatoid ArthriƟs in Ongoing Remission). The IMPROVED 
study (12) enrolled 610 paƟents with early (< 2 years) untreated RA or undiīerenƟated 
arthriƟs and was steered at disease acƟvity score remission (DAS44 < 1.6). In paƟents 
achieving remission, DMARDs were stopped, aiming for drug-free remission (DFR), with 
treatment adjusted every 4 months according to whether remission was maintained. 
IniƟal treatment comprised MTX and high-dose prednisone. Subjects selected for 
this study were all 104 paƟents who (1) fulĮlled the 2010 ACR/EULAR RA criteria, (2) 
achieved remission at 4 months and stopped MTX at 8 months, and (3) had serum 
available for calprotecƟn tesƟng at 8 months.

The RETRO study(13) enrolled paƟents with established RA who had been in stable 
remission (DAS28-ESR ≤ 2.6) for at least 6 months on convenƟonal and/or biological 
DMARD treatment regimen. PaƟents were randomized to three treatment arms: (1) 
conƟnue DMARDs at full dose for 12 months, (2) taper current dose by 50% for the 
next 12 months, or (3) reduce current dose by 50% for the Įrst 6 months before enƟrely 
stopping all DMARDs. All paƟents in the taper arm (arm 2, n = 33) or stop arm (arm 3, 
n = 24) were included for this analysis.

AutoanƟbody status of the paƟents from both studies was determined by rouƟne 
clinical tesƟng for anƟ-CCP2 (IgG) and RF (IgM). The main outcome for both studies 
was Ňare within 12 months of tapering/stopping DMARDs, deĮned in the IMPROVED 
as a DAS44 ≥ 1.6 determined at 4-month intervals and in the RETRO as DAS28-ESR > 2.6 
determined at 3-month intervals.

CalprotecƟn measurements
PaƟent serum was collected when paƟents were in remission and stored in − 80 °C unƟl 
use. In the IMPROVED, circulaƟng calprotecƟn was measured at baseline and 8 months 
(month of MTX stopping) using a fecal CalprotecƟn Extended Range kit adapted for 
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serum (QUANTA Lite®, Inova DiagnosƟcs, research use only for serum). In the  RETRO, 
calprotecƟn was measured in baseline samples, which was at study inclusion directly 
preceding DMARD tapering, before any tapering or stopping changes were made to 
exisƟng DMARDs, using an in-house sandwich ELISA developed by Johannes Roth 
(Muenster) for predicƟng Ňares in juvenile idiopathic arthriƟs as previously described 
(11). Absorbance was converted to nanograms per milliliter using a standard curve of 
serial diluƟons of a known concentraƟon.

StaƟsƟcal analysis
CalprotecƟn levels (in ng/mL) were compared between the groups using Mann-Whitney 
U tests, and correlaƟons with inŇammatory parameters were explored cross-secƟonally 
using Spearman tests. Univariable and mulƟvariable binary logisƟc regression was 
performed with disease Ňare within 12 months as the outcome. CalprotecƟn levels 
were log2-transformed and included as a conƟnuous covariate. Area under the receiver 
operaƟng characterisƟc curves (AUCs), test characterisƟcs, and predicƟve values of 
calprotecƟn levels for Ňare were calculated, and the opƟmum cut-oī was determined 
using the Liu index(14).

AddiƟonally, logisƟc regression models were used to evaluate whether the addiƟon of 
calprotecƟn to a clinical predictor model for Ňare signiĮcantly improved predicƟon of 
Ňare within 12 months. Clinical  predictors of Ňare with a p value of ≤ 0.1 in univariable 
models were considered for the mulƟvariable models to discover clinical predictors 
common to both cohorts, as well as speciĮc to each cohort (as a sensiƟvity analysis, 
see Supplementary Table S1A-B). Areas under the ROC curve were calculated from the 
predicted values of the model with and without calprotecƟn, and compared using a 
Chi-square-based test for equality (15). All analyses were conducted separately for each 
cohort, using Stata SE 14.1.

RESULTS

In paƟents in remission, calprotecƟn is not associated with inŇammatory parameters 
or autoanƟbody status

The characterisƟcs of both cohorts are displayed in Table 1.

  CirculaƟng calprotecƟn levels, measured at the moment of DMARD tapering (for RETRO) 
or stop (for IMPROVED), were equal in the IMPROVED and the RETRO (p = 0.51), as 
well as between the two arms of the RETRO study (p = 0.43). CalprotecƟn levels were 
not correlated with acute-phase reactants (ESR, CRP), disease acƟvity scores (DAS), or 
physical funcƟon as measured by the Health Assessment QuesƟonnaire (HAQ) in either 
cohort, most likely due to the low variability of these parameters in these paƟents 
in remission (Supplementary Figure S1), and baseline demographics did not diīer 
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between paƟents with high vs. low calprotecƟn levels (Supplementary Table S2). 
In baseline serum of the IMPROVED study, when paƟents had acƟve disease acƟvity 
(DAS44 ≥ 2.6) and had not yet received DMARD treatment, calprotecƟn did correlate 
with these inŇammatory parameters (not shown), in a similar magnitude to what has 
been reported (7).

Table 1 PaƟent characterisƟcs

﻿ IMPROVED (N=104) RETRO (N=57)
Age, mean years (SD) 49 (13) 55 (13)
Female, n (%) 67 (64%) 37 (65%)
BMI, mean (SD) 25 (4) 25 (4)
Ever smoker, n (%) 47 (46%) 18 (32%)
Disease duraƟon, median (IQR) 19 (9-36) weeks^ 5 (3-10) years
AnƟ-CCP2 IgG posiƟve, n (%) 85 (83%) 34 (62%)
RF IgM posiƟve, n (%) 79 (79%) 39 (68%)
Current DMARD use†
Methotrexate 104 (100%) 47 (82%)
GlucocorƟcoids 0 (0%) 11 (19%)
Other csDMARDS 0 (0%) 6‡ (11%)
Biological DMARDs 0 (0%) 21 (37%)
Etanercept - 5 (9%)
Adalimumab - 6 (11%)
Tocilizumab - 5 (9%)
Golimumab - 2 (4%)
Certolizumab - 3 (5%)
DAS44 at tapering/stop moment, mean (SD) 0.9 (0.4) -
DAS28-ESR at tapering/stop moment, mean (SD) - 1.8 (0.7)
Disease Ňare within 12 months 78 (75%) 26 (46%)
CalprotecƟn ng/mL, median (IQR) 1000 (230-2422) 1000 (650-2000)

Footnote: SD standard deviaƟon, IQR interquarƟle range, AnƟ-CCP2 anƟ-citrullinated protein 2 
anƟbody, RF rheumatoid factor, cs/bDMARD convenƟonal syntheƟc/biological disease-modifying 
anƟrheumaƟc drugs, DAS disease acƟvity score, ESR erythrocyte sedimentaƟon rate. ^Disease 
duraƟon is based on the moment of study inclusion; in the IMPROVED study, this excludes the Įrst 
4 months of treatment †Categories are not mutually exclusive ‡PaƟents received sulfasalazine 
(n = 2), hydroxychloroquine (n = 2), leŇunomide (n = 1), or azathioprine (n = 1)

CalprotecƟn levels were higher in seroposiƟve than seronegaƟve paƟents, although not 
signiĮcantly: median (IQR) levels in anƟ-CCP2 IgG-posiƟve vs. anƟ-CCP2 IgG-negaƟve 
paƟents were 1115 (309–2749) ng/mL vs. 764 (0–1636) ng/mL in IMPROVED (p = 0.21) 
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and 1075 (800–2400) ng/mL vs. 930 (570–1850) ng/mL in RETRO (p = 0.45). In RF IgM-
posiƟve vs. RF IgM-negaƟve paƟents, this was 1115 (237–2448) ng/mL vs. 982 (224–
3318) ng/mL in IMPROVED (p = 0.96) and 1050 (550–1700) ng/mL vs. 965 (650–2300) 
ng/mL in RETRO (p = 0.75).

CalprotecƟn levels are higher preceding Ňare than no Ňare
In the IMPROVED study, disease Ňare was deĮned as DAS44 ≥ 1.6 within 12 months of 
stopping MTX. In the RETRO, Ňare was deĮned as DAS28-ESR > 2.6 within 12 months 
of tapering or stopping (biological or convenƟonal) DMARDs. As indicated by Figure 
1, calprotecƟn was signiĮcantly higher at the moment of DMARD tapering/stopping in 
paƟents that experienced a disease Ňare within 12 months.

Figure 1: CirculaƟng calprotecƟn levels (ng/mL) at the moment of DMARD-tapering/stop, 
separated by whether paƟents experienced a disease Ňare within 12 months of tapering. p-values 
were calculated by Mann-Whitney-U tests

CalprotecƟn levels are associated with disease Ňare
In a logisƟc regression model with log2-transformed calprotecƟn as a predictor, twofold 
higher calprotecƟn at the moment of DMARD tapering/stopping was associated with an 
increased risk (odds raƟo) of Ňare of 1.07 (95% CI 0.98–1.18, p = 0.14) in the IMPROVED 
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study and 3.62 (95% CI 1.76–7.46, p < 0.001) in the RETRO study. CorrecƟng for clinical 
predictors of Ňare (DAS at study inclusion, anƟ-CCP2 posiƟvity, gender) resulted in 
similar esƟmates: 1.09 (95% CI 0.98–1.21, p = 0.11) in the IMPROVED study and 3.77 
(95% CI 1.74–8.18, p < 0.001) in the RETRO study. CorrecƟng for clinical predictors 
of Ňare selected for their predicƟve value speciĮc for each cohort ( ESR at tapering 
moment, gender, anƟ-CCP2 posiƟvity, and DAS at study inclusion in IMPROVED; SJC and 
anƟ-CCP2 posiƟvity in RETRO) resulted in similar esƟmates (not shown).

Figure 2: ROC-curves indicaƟng the predicƟve value of calprotecƟn and clinical predictors for 
disease Ňare within 12 months of tapering in the IMPROVED (A,C) and RETRO (B,D) studies. A,B: 
circulaƟng calprotecƟn levels (ng/mL) at the moment of DMARD-tapering/stop; C,D: comparison 
of models including clinical predictors only (dashed line) and clinical predictors in combinaƟon 
with circulaƟng calprotecƟn levels (solid line). The p-value is based on the test for equality of AUCs.
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The AUC of calprotecƟn levels predicƟng Ňare in the IMPROVED study was 0.63 (95% CI 
0.51–0.76, p = 0.002), indicaƟng modest to poor discriminatory capacity (Figure 2A). In 
the RETRO, calprotecƟn had a slightly beƩer AUC of 0.80 (95% CI 0.69–0.92, p = 0.0001) 
for predicƟng Ňare within 12 months (Figure 2b).

In the IMPROVED, addiƟon of calprotecƟn levels did not signiĮcantly improve a model 
including only the clinical predictors (DAS as baseline, anƟ-CCP2 posiƟvity, gender): 
the clinical predictor model had an AUC of 0.72 (95% CI 0.60–0.84), compared to a 
model combining calprotecƟn and clinical predictors that had an AUC of 0.73 (95% CI 
0.62–0.85) (p for test of equality of AUCs = 0.57; Figure 2C). However, in the RETRO, 
the addiƟon of calprotecƟn to a clinical predictor model signiĮcantly improved the 
AUC from 0.71 (95% CI 0.57–0.85) to 0.85 (95% CI 0.75–0.95) (p for the test of equality 
of AUCs = 0.04; Figure 2D). These results were the same when cohort-speciĮc clinical 
predictors menƟoned above were used (not shown).

Test characterisƟcs based on opƟmal and clinically relevant cutoīs
At an opƟmal cutoī determined using the Liu index, calprotecƟn levels above 936 ng/mL 
in the IMPROVED had the following test characterisƟcs (95% CI) for disease Ňare within 
12 months: 62% (50–72%) sensiƟvity, 73% (52–88%) speciĮcity, 87% (76–95%) posiƟve 
predicƟve value (PPV), and 39% (25–54%) negaƟve predicƟve value (NPV). In the RETRO, 
calprotecƟn levels above 1335 ng/mL had slightly beƩer test characterisƟcs (95% CI): 65% 
(44–83%) sensiƟvity, 87% (70–96%) speciĮcity, 81% (58–95%) PPV, and 75% (59–88%) NPV.

Since idenƟfying paƟents with high Ňare risk that should not taper DMARDs is 
parƟcularly relevant, we also examined a pracƟcal cutoī that maximized speciĮcity. 
For the IMPROVED, calprotecƟn levels above 3571 ng/mL (corresponding to the 85th 
percenƟle) were 88% (70–98%) speciĮc for Ňaring. In the RETRO, calprotecƟn levels 
above 2350 ng/mL (corresponding to the 79th percenƟle) were 100% (89–100%) speciĮc 
for Ňaring. Pa Ɵents classiĮed as at risk for Ňare in this way (i.e., above this opƟmal 
cutoī) did not have higher inŇammatory parameters (ESR, CRP, DAS, VAS, or HAQ) than 
those predicted not to Ňare (i.e., below the cutoī; not shown). In clinical pracƟce, one 
could therefore infer from very high calprotecƟn levels that a paƟent is likely to Ňare 
regardless of other inŇammatory parameters and should not taper DMARDs.

DISCUSSION

In this study, we evaluated the role of circulaƟng calprotecƟn in RA as a predictor for disease 
Ňare upon DMARD tapering and disconƟnuaƟon in two independent cohorts. Higher 
circulaƟng calprotecƟn levels were associated with signiĮcantly increased risk of Ňare 
within 12 months aŌer DMARD tapering in the RETRO study and a small, non-signiĮcant 
eīect in the IMPROVED study. In the RETRO study, calprotecƟn signiĮcantly improved the 
idenƟĮcaƟon of paƟents that would Ňare within 12 months over clinical predictors alone.
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CalprotecƟn has been reported to correlate beƩer with clinical disease acƟvity of RA 
than acute-phase reactants do (16). These Įndings suggest that calprotecƟn levels may 
reŇect local inŇammatory processes in the joints and therefore make it of parƟcular value 
in predicƟng whether inŇammaƟon has been abrogated and paƟents can achieve drug-
free remission. Possessing a marker that can accurately indicate residual inŇammaƟon in 
paƟents in remission would help to opƟmize therapeuƟc decision-making by accurately 
straƟfying which paƟents should and should not aƩempt to taper DMARDs.

In line with the literature (16), circulaƟng calprotecƟn levels in our study were variable 
and someƟmes quite high, even in paƟents in remission, a disease state in which 
systemic inŇammaƟon is, in principle, low. Although we were not able to replicate 
previous Įndings regarding the correlaƟon between calprotecƟn and joint indices due 
to the lack of variability in joint indices, the fact that calprotecƟn did not correlate with 
other inŇammatory parameters in these paƟents in remission suggests that calprotecƟn 
may indeed indicate residual inŇammaƟon not measured by these parameters, probably 
because it is highly expressed and released speciĮcally at local sites of inŇammaƟon (4).

However, calprotecƟn’s value for predicƟng disease Ňare was not consistent in both 
cohorts. Although the direcƟon of the found eīect was the same in both cohorts, the 
eīect sizes we found are quite divergent and only the RETRO study reached consistent 
staƟsƟcal signiĮcance, possibly due to the diīerences between the cohorts.  One major 
diīerence is the use of DAS44 in the IMPROVED and DAS28-ESR in the RETRO, which 
does not detect aīected joints in the feet and thus could miss peripheral disease acƟvity 
in the feet. It also is conceivable that calprotecƟn is not sensiƟve enough to detect 
residual inŇammaƟon when DAS is extremely low, as was the case in the IMPROVED 
study (DAS44 < 1.6 instead of DAS28-ESR < 2.6 in RETRO). However, a sensiƟvity analysis 
restricƟng the analyses in the IMPROVED cohort only to paƟents on the higher side of 
the spectrum (DAS44 ≥ 0.9 at 8 months) did not indicate that calprotecƟn had more 
value in paƟents with slightly higher disease acƟvity (not shown). It is also possible that 
calprotecƟn cannot predict minute changes in DAS (e.g., small Ňares), but a sensiƟvity 
analysis in the IMPROVED study in which DAS44 ≥ 2.6 within 12 months was regarded 
as Ňare (more comparable to the RETRO deĮniƟon) did not indicate that calprotecƟn 
had greater value in predicƟng larger DAS44 change-based Ňares than smaller Ňares 
(not shown). Diīerences in the biological use, disease duraƟons, and remission duraƟon 
could explain the discrepant results as well. However, straƟĮcaƟon on biological use 
in the RETRO resulted in very small numbers and inconclusive results, and the disease 
and remission duraƟons between the cohorts were so divergent that straƟĮcaƟon on 
this parameter would not yield fair comparisons.

Some previous studies invesƟgaƟng calprotecƟn and Ňares in rheumaƟc diseases other 
than RA support calprotecƟn as a marker for Ňare aŌer tapering DMARDs (10, 11), but 
Tweehuysen et al. found no value of calprotecƟn for predicƟng successful DMARD 
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tapering in RA (17). The main diīerence between our cohorts and the DRESS study (an 
acronym for Dose REducƟon Strategy of Subcutaneous TNF inhibitors) they invesƟgated 
was that all paƟents in their study tapered biological DMARDs, speciĮcally TNFα inhibitors. 
It is possible that TNFα inhibitors may directly inhibit the release of calprotecƟn in vivo 
and dampen calprotecƟn’s value as a marker of local inŇammaƟon, thereby also limiƟng 
its ability to predict future disease Ňare. However, beyond the upregulaƟon of calprotecƟn 
by TNFα in murine models (18, 19), an inverse correlaƟon between trough serum TNFα-
inhibitor levels and circulaƟng calprotecƟn (20), a consistent decrease of calprotecƟn upon 
TNFα-inhibitor iniƟaƟon(8), no studies to date have explored this possibility.

Surprisingly, the populaƟon of the RETRO study, in which the associaƟon of calprotecƟn 
with Ňare was most convincing, is more similar to the DRESS study (long-standing 
disease, biological use including TNFα inhibitors, higher DAS at tapering) than the 
IMPROVED populaƟon is, even though the laƩer two cohorts showed liƩle to no 
associaƟon of calprotecƟn with Ňare. This makes it very diĸcult to speculate on the 
reasons why these three cohorts show such divergent results, as there is clearly no 
paƩern regarding paƟent characterisƟcs and strength of associaƟons found. Because 
of this, our results cannot deĮniƟvely refute or commend calprotecƟn as a marker for 
successful DMARD tapering.

A further limitaƟon to consider is that calprotecƟn was determined using diīerent 
assays, and although circulaƟng concentraƟons were converted to nanograms per 
milliliter using a known concentraƟon curve in both cohorts, small diīerences in 
the sensiƟvity of the assays could remain. Sample handling may also have diīered 
between various centers parƟcipaƟng in the studies. However, there was no diīerence 
in calprotecƟn levels between the cohorts on the group level, so the eīect of these 
limitaƟons is most likely minor.

Although our results show modest eīects, they are important because they situate 
calprotecƟn in a new Įeld of prognosƟcaƟon in RA—that of drug-free remission. 
Currently, there is no consensus regarding calprotecƟn’s use as a measure of disease 
acƟvity or a biomarker for treatment response, let alone the possibility of using it as a 
marker of future disease Ňare, and more studies are needed to evaluate calprotecƟn 
in this role.

CONCLUSION

In conclusion, we found that calprotecƟn levels are higher in RA paƟents that will Ňare 
upon DMARD tapering. More research is needed to validate calprotecƟn as a biomarker 
for Ňare in RA paƟents tapering or disconƟnuing DMARDs.

6
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SUPPLEMENTARY FIGURES

Figure S1: CirculaƟng calprotecƟn levels (ng/mL) at the moment of DMARD tapering/stop does 
not correlate with inŇammatory parameters in the IMPROVED (leŌ) or the RETRO (right) study. 
VASgh = VAS global health.
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ABSTRACT

Immune-checkpoint inhibitors (ICIs) acƟvate the immune system to assault cancer 
cells in a manner that is not anƟgen speciĮc. We hypothesized that tolerance may 
also be broken to autoanƟgens, resulƟng in autoanƟbody formaƟon, which could 
be associated with immune-related adverse events (irAEs) and anƟtumor eĸcacy. 
Twenty-three common clinical autoanƟbodies in pre- and posƩreatment sera from 
133 ipilimumab-treated melanoma paƟents were determined, and their development 
linked to the occurrence of irAEs, best overall response, and survival. AutoanƟbodies 
developed in 19.2% (19/99) of paƟents who were autoanƟbody-negaƟve pretreatment. 
A nonsigniĮcant associaƟon was observed between development of any autoanƟbodies 
and any irAEs [OR, 2.92; 95% conĮdence interval (CI) 0.85–10.01]. PaƟents with 
anƟthyroid anƟbodies aŌer ipilimumab had signiĮcantly more thyroid dysfuncƟon 
under subsequent anƟ–PD-1 therapy: 7/11 (54.6%) paƟents with anƟthyroid anƟbodies 
aŌer ipilimumab developed thyroid dysfuncƟon under anƟ–PD1 versus 7/49 (14.3%) 
paƟents without anƟbodies (OR, 9.96; 95% CI, 1.94–51.1). PaƟents who developed 
autoanƟbodies showed a trend for beƩer survival (HR for all-cause death: 0.66; 95% 
CI, 0.34–1.26) and therapy response (OR, 2.64; 95% CI, 0.85–8.16). We conclude that 
autoanƟbodies develop under ipilimumab treatment and could be a potenƟal marker 
of ICI toxicity and eĸcacy.
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INTRODUCTION

Immune-checkpoint inhibitors (ICIs) have improved the previously dismal prognosis 
of paƟents with various types of cancer, but at the cost of immune-related adverse 
events (irAEs), including arthriƟs, coliƟs, hepaƟƟs, and various endocrinopathies (1). 
ICIs inhibit negaƟve cosƟmulatory signals to T cells, thereby enhancing anƟtumor T-cell 
responses (2). Because this mode of acƟon is not anƟgen-speciĮc, ICIs may also (re)
acƟvate otherwise dormant autoreacƟve T cells. This, in turn, might lead to a break in 
T-cell tolerance to not only tumor anƟgens but also autoanƟgens, resulƟng in acƟvaƟon 
of autoreacƟve B cells and ulƟmately the formaƟon of autoanƟbodies. If true, the 
occurrence of autoanƟbodies may be associated with more frequent irAEs. ProducƟon 
of autoanƟbodies may indicate enhanced global immunogenicity, which may, in turn, 
be associated with beƩer anƟtumor responses, as has been reported for changes in 
the T-cell repertoire (3-5). Therefore, we determined if autoimmune disease-associated 
autoanƟbodies were formed with ICI treatment and invesƟgated their associaƟon with 
irAEs and clinical outcome.

MATERIALS AND METHODS

PaƟents and serological measurements
For this analysis, we included 133 paƟents with late-stage melanoma who were treated 
with ipilimumab, a CTLA-4 inhibitor, and for whom pre- and posƩreatment serum or 
plasma samples were available. PaƟents were treated with a maximum of four cycles 
of ipilimumab 3 mg/kg in an expanded access program or according to the label aŌer 
approval at the Netherlands Cancer InsƟtute or the Leiden University Medical Center. 
PaƟents were included if they were at least 18 years of age and had histologically or 
cytologically proven irresectable stage IIIc or IV melanoma, with measurable metastaƟc 
lesions according to the RECIST 1.1 criteria. PaƟents were treated with four cycles 
of intravenous 3 mg/kg ipilimumab every 3 weeks. Sixty-six (49.6%) paƟents were 
treated with anƟ–PD-1 therapy following ipilimumab: either 2 mg/kg intravenous 
pembrolizumab every 3 weeks or 240 mg intravenous nivolumab every 4 weeks. The 
study was conducted in accordance with the DeclaraƟon of Helsinki aŌer approval by 
the insƟtuƟonal review boards of both centers. All paƟents signed informed consent 
for withdrawal of extra blood samples for biomarker analysis. According to the study 
protocol, serum or plasma for autoanƟbody determinaƟon was collected before 
iniƟaƟon of ipilimumab treatment and 12 weeks aŌer. Pre- and posƩreatment serum 
was snap-frozen and stored at −80°C unƟl autoanƟbody determinaƟon. Due to failed 
measurements, post-ipilimumab autoanƟbody status could not be determined in 4 
paƟents (Supplementary Figure S1).

7
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Indirect immunoŇuorescence assays
Autoimmune hepaƟƟs and primary biliary cirrhosis-associated anƟsmooth muscle, 
anƟmitochondrial, and anƟ-liver/kidney microsome (LKM) anƟbodies were measured 
by indirect immunoŇuorescence assay (IFA) using mouse liver/kidney/stomach 
substrate (Aesku). AnƟnuclear anƟbodies (ANA) were determined in all paƟents by 
IFA using the HEp-2000 ANA Test System which uses human epithelioid cells stably 
transfected with the SSA/Ro autoanƟgen, cultured, and Įxed directly on the test wells 
(Immuno Concepts). PaƟent serum samples at a diluƟon of 1:40 were incubated with 
anƟgen substrate for 30 minutes at room temperature to allow speciĮc binding of 
autoanƟbodies to cell nuclei. AŌer washing with phosphate-buīered saline to remove 
nonspeciĮcally bound anƟbodies, the substrate was incubated with an anƟ-human 
anƟbody conjugated to Ňuorescein. AŌer another washing step, the nuclear staining 
paƩern was read using the internaƟonal consensus on anƟnuclear anƟbody paƩern 
(ICAP; Ref (6)) by two experienced, independent readers trained in ANA-paƩern 
reporƟng and blinded to Ɵme order and paƟent data of samples. In the case of lack of 
consensus, a third reader funcƟoned as Ɵebreaker. All system reagents, conjugates, 
calibrators, and posiƟve and negaƟve controls were provided by and used according 
to instrucƟons of the manufacturer (Immuno Concepts). All steps of the IFA were 
conducted using a Helmed fully automated IFA slide processor (Aesku).

Fluorescence enzyme immunoassays
AnƟcyclic citrullinated pepƟde 2 (CCP2) IgG, rheumatoid factor (RF) IgM, anƟgliadin 
IgG, and (if ANA was posiƟve by IFA) anƟbodies to extractable nuclear anƟgens 
(ENA) were determined by EliA technique on a Phadia ImmunoCap 250 instrument 
(Thermo Fisher ScienƟĮc). This is a fully automated and high-throughput Ňuorescence 
enzyme immunoassay system used for rouƟne diagnosƟc laboratory tesƟng. The 
Ňuorescence signal of measured serum samples is compared with calibrators with 
known concentraƟons. For anƟ-CCP2 IgG, citrullinated syntheƟc pepƟdes (second-
generaƟon anƟgen) were used as anƟgen, for RF IgM, aggregated rabbit IgG was used, 
for anƟgliadin IgG, syntheƟc deamidated gliadin pepƟdes were used, and for ENA, a 
Symphony Well of various anƟgens was used: human recombinant U1RNP (RNP70, 
A, C), SS-A/Ro (60 kDa, 52 kDa), SS-B/La, Centromere B, Scl-70 protein, Jo-1 protein, 
and naƟve puriĮed Sm proteins. AnƟ-ENA–posiƟve paƟents were further assayed 
for the following speciĮc ENA anƟbodies by EliA (coated anƟgens in parentheses): 
anƟ-SSA (human recombinant SS-A/Ro (60 kDa, 52 kDa) proteins), anƟ-SSB (human 
recombinant SS-B/La protein), anƟ-RNP70 (human recombinant RNP70 protein), anƟ-
U1RNP (human recombinant U1RNP (RNP70, A, C) proteins), anƟ-Smith (syntheƟc SmD3 
pepƟde), anƟ-Jo1 (human recombinant Jo-1 protein), anƟ-CENP (human recombinant 
centromere protein B), anƟ-PMSCL (human recombinant PM-Scl protein), anƟ-RNAP3 
(human recombinant RNA polymerase III protein), anƟ-Scl70s (human recombinant 
Scl-70 protein). All system reagents, conjugates, calibrators, and posiƟve and negaƟve 
controls were used according to the manufacturer’s instrucƟons.
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Chemiluminescent immunoassays
AnƟthyroid peroxidase (TPO), anƟthyroglobulin (TG), and, in ANA-posiƟve paƟents, 
anƟ-dsDNA were determined by noncompeƟƟve chemiluminescent immunoassay 
(CLIA) using Immulite 2000 (Siemens Healthineers). These assays use a luminescent 
adamantyl dioxetane phosphate tracer and were performed using reagents provided 
by the manufacturer according to instrucƟons in the package insert.

Clinical data
InformaƟon about demographics, treatment response, survival status, and the 
occurrence of irAEs was obtained from retrospecƟve review of medical records. 
irAEs were recorded starƟng from the Įrst ipilimumab treatment unƟl one year later, 
death, or the start of diīerent therapy (whichever occurred Įrst), using Common 
Terminology Criteria for Adverse Events version 4.03: any grade arthralgia/arthriƟs, 
coliƟs, hypophysiƟs, primary adrenal insuĸciency, primary thyroid dysfuncƟon, 
dermaƟƟs (rash, viƟligo, or psoriasis), uveiƟs, or grade 3–4 hepaƟƟs. Primary thyroid 
dysfuncƟon as an irAE during anƟ–PD-1 treatment (nivolumab or pembrolizumab) 
following ipilimumab treatment was determined in the same manner. Hematologic 
and serum parameters necessary for making the above diagnoses were determined at 
baseline, every 3 months during follow-up, at progressive disease, and according to the 
treaƟng oncologist’s clinical judgment. Three paƟents had preexisƟng hypothyroidism. 
Thyroid dysfuncƟon was registered only as an irAE in these paƟents if symptoms were 
aggravated and a new medical intervenƟon was indicated. Two of the four cases of 
arthralgia/arthriƟs consƟtuted a Ňare of preexisƟng rheumatoid arthriƟs (RA). Survival 
was deĮned as Ɵme from start of ipilimumab to death of any cause, recorded between 
start of Įrst ipilimumab treatment unƟl January 2018, for a median follow-up Ɵme 
of 20.4 months (IQR: 8.8–40.8). Radiologic evaluaƟon (CT or PET/CT scanning) was 
performed at baseline, week 12, and subsequently every 3 months unƟl progression. 
Response was scored according to RECIST 1.1 criteria. Best overall response was deĮned 
as the best response recorded from start of ipilimumab unƟl date of progression, death, 
or the start of a diīerent therapy (whichever occurred Įrst). PaƟents achieving a parƟal 
response or complete response were considered responding paƟents.

StaƟsƟcal analysis
We used McNemar test for paired data to test whether autoanƟbody posiƟvity 
increased post-ipilimumab. Frequencies of irAEs in paƟents who developed anƟbodies 
versus those who did not were compared using Fisher exact tests. To test whether 
post-ipilimumab autoanƟbody posiƟvity was associated with (i) the development of 
any irAEs under ipilimumab, primary thyroid dysfuncƟon under subsequent anƟ–PD-1 
therapy, or beƩer overall response, and (ii) overall survival, binary logisƟc regression 
and Cox proporƟonal hazards regression, respecƟvely, were used, and adjusted for age, 
gender, treaƟng hospital, and number of ipilimumab cycles received. All analyses were 
conducted using Stata staƟsƟcal soŌware, Special EdiƟon, release 14.1 (StataCorp LP).

7



138

Chapter 7

RESULTS

AutoanƟbody development
Mean age was 59 years [standard deviaƟon (SD): 14], and 62% of paƟents were male. Of 
127 paƟents with complete pre-ipilimumab autoanƟbody data, 26 (20%) were posiƟve 
for any of the autoanƟbodies before treatment. In total, 29% (36/125) of paƟents with 
complete autoanƟbody data were autoanƟbody-posiƟve aŌer ipilimumab treatment. 
Of paƟents who were fully autoanƟbody-negaƟve before ipilimumab treatment, 19.2% 
(19/99) developed any autoanƟbodies posƩreatment (P < 0.0001). Predominantly anƟ-
TPO (4.8%, 6/125) and anƟ-TG (6.0%, 8/132) appeared in paƟents who were negaƟve 
for these autoanƟbodies at baseline (P = 0.03 and P = 0.008, respecƟvely). For all other 
autoanƟbodies, posƩreatment posiƟvity did not greatly change (Supplementary 
Figure S1).

AssociaƟon of autoanƟbodies with irAEs under ipilimumab
A nonsigniĮcant associaƟon was seen between the development of any autoanƟbody 
and irAEs: 15/19 (78.9%) paƟents who developed any autoanƟbody experienced irAEs 
compared with 46/80 (57.5%) paƟents who did not develop autoanƟbodies [OR, 2.92; 
95% conĮdence interval (CI) 0.85–10.01; Figure 1]. When disregarding autoanƟbody 
status pre-ipilimumab, paƟents with autoanƟbodies posƩreatment also experienced 
more irAEs (Supplementary Figure S2). No signiĮcant associaƟon between pre-
ipilimumab autoanƟbody posiƟvity and irAEs was observed: 8/26 (31%) paƟents who 
were autoanƟbody-posiƟve pre-ipilimumab experienced irAEs compared with 38/100 
(37%) paƟents who were autoanƟbody-negaƟve pre-ipilimumab (OR, 1.61; 95% CI, 
0.62–4.18; P = 0.33).

Figure 1. Frequency of irAEs in pre-ipilimumab autoanƟbody-negaƟve paƟents who did not 
develop autoanƟbodies (leŌ) versus those who developed autoanƟbodies (right) aŌer ipilimumab 
treatment.
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In a prespeciĮed subgroup analysis, we focused only on the irAEs related to the tested 
autoanƟbodies (arthriƟs/arthralgia, hepaƟƟs, thyroid dysfuncƟon, coliƟs, adrenal 
insuĸciency, dermaƟƟs, or sicca symptoms). In this analysis, 14/19 (73.7%) paƟents 
who developed autoanƟbodies had irAEs related to the tested anƟbodies compared 
with 37/80 (46.3%) paƟents who did not develop autoanƟbodies, indicaƟng a signiĮcant 
associaƟon between the development of autoanƟbodies and irAEs (OR, 3.64; 95% CI, 
1.13–11.75). However, the appearance of a speciĮc autoanƟbody did not associate with 
the occurrence of an irAE in the organ system aīected by the disease for which the 
speciĮc autoanƟbody has diagnosƟc value (Table 1).

Table 1: AssociaƟon between autoanƟbody development and irAEs.

Converted to 
posiƟve for…

Stayed 

negaƟve for…
p

Any irAE / any anƟbody 15/19 (78.9%) 46/80 (57.5%) 0.12
Any autoanƟbody-related irAE † / any anƟbody 14/19 (73.7%) 37/80 (46.3%) 0.04
Arthralgia or arthriƟs / anƟ-CCP2 or RF 0/3 (0%) 3/121 (2.5%) 1.00
HepaƟƟs / autoimmune hepaƟƟs anƟbodies‡ 1/8 (12.5%) 4/109 (3.7%) 0.30
ThyroidiƟs / anƟ-TPO or anƟ-TG 2/13 (15.4%) 8/111 (7.2%) 0.28
ColiƟs / anƟ-endomysium or anƟ-gliadin IgG 0/2 (0%) 30/129 (23.3%) 1.00
Adrenal insuĸciency / anƟ-adrenal cortex 0/0 (0%) 0/133 (0%) N/A
DermaƟƟs / anƟ-nuclear anƟbodies 1/4 (25%) 33/122 (27%) 1.00
Sicca symptoms / anƟ-nuclear anƟbodies 0/4 (0%) 1/122 (0.8%) 1.00

In each cell, n/N indicates the number of paƟents who developed the irAE (n) out of the total 
number who converted to posiƟve or stayed negaƟve for the indicated anƟbody (N). p-values 
are calculated by Fisher’s exact test. † arthriƟs/arthralgia, hepaƟƟs, thyroid dysfuncƟon, coliƟs, 
adrenal insuĸciency, dermaƟƟs, or sicca symptoms. ‡ anƟ-smooth muscle, anƟ-mitochondria, 
anƟ-liver-kidney-microsome, or anƟ-nuclear anƟbodies.

AssociaƟon of autoanƟbodies with thyroid dysfuncƟon under anƟ–PD-1 therapy
We hypothesized that autoanƟbody development with ipilimumab treatment 
might predispose paƟents to irAEs during subsequent anƟ–PD-1 therapy. Following 
progression on ipilimumab treatment and aŌer exclusion of paƟents who had thyroid 
dysfuncƟon with ipilimumab (n = 12), 61 (50.4%) paƟents received anƟ–PD-1 therapy. In 
these paƟents, we found a signiĮcant associaƟon between the development of thyroid 
autoanƟbodies while on ipilimumab and subsequent thyroid dysfuncƟon under PD-1 
blockade: 4/9 (44.4%) paƟents who developed thyroid autoanƟbodies with ipilimumab 
and subsequently received anƟ–PD1-therapy had thyroid dysfuncƟon under anƟ–PD-1 
compared with only 7/48 (14.6%) paƟents who did not develop autoanƟbodies ( OR, 
6.26; 95% CI, 1.07–36.5; P = 0.04). The associaƟon between the development of thyroid 
autoanƟbodies while on ipilimumab and subsequent thyroid dysfuncƟon under PD-1 
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blockade was even stronger when autoanƟbody status pre-ipilimumab was disregarded 
and all anƟ–PD-1-treated paƟents were included in the analysis (n = 60; one paƟent 
missing anƟ-TPO measurement): 7/11 (54.6%) paƟents who had thyroid autoanƟbodies 
aŌer ipilimumab treatment developed thyroid dysfuncƟon under anƟ–PD-1 compared 
with 7/49 (14.3%) paƟents who did not develop autoanƟbodies (OR, 9.96; 95% CI, 1.94–
51.1; P = 0.006).

AssociaƟon of autoanƟbody development with survival and response
We next invesƟgated the associaƟon of autoanƟbody development following the iniƟal 
ipilimumab treatment with survival and response. During the median follow-up Ɵme 
of 20.4 months (IQR, 8.8–40.8), 92 (69%) paƟents died aŌer a median of 11.2 months 
(IQR 7.3–21.9), 87 paƟents (65%) had stable or progressive disease, and 46 paƟents 
(35%) achieved complete or parƟal response. PaƟents who developed autoanƟbodies 
had a minor survival beneĮt compared with those that stayed autoanƟbody-negaƟve, 
although this was not signiĮcant (HR for all-cause death: 0.66; 95% CI, 0.34–1.26; 
P = 0.21; Figure 2). There was no signiĮcant associaƟon between the presence of a 
speciĮc autoanƟbody and survival (Supplementary Table S1).

Figure 2. Overall survival in paƟents who were negaƟve for autoanƟbody at baseline.

PaƟents who developed autoanƟbodies (n = 19) were compared with those who did not develop 
autoanƟbodies (n = 80). Numbers below the graph indicate the number of paƟents at risk within 
each group.
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There was also a trend toward an associaƟon between development of any autoanƟbody 
and treatment responses (OR for response: 2.64; 95% CI, 0.85–8.16; P = 0.09). When 
assessing speciĮc autoanƟbodies, only the development of thyroid autoanƟbodies 
was signiĮcantly associated with treatment response (OR for response: 5.43; 95% CI, 
1.38–21.4; P = 0.02).

To determine whether the observed associaƟons between autoanƟbody development 
and clinical outcomes were due to an associaƟon of irAEs with both enƟƟes, we also 
invesƟgated the associaƟon between irAEs and clinical outcomes. No associaƟon 
between occurrence of irAEs and survival or treatment response was found (HR for all-
cause death: 1.12; 95% CI, 0.70–1.79], P = 0.64; OR for response: 1.53; 95% CI, 0.68–3.46, 
P = 0.31). The esƟmates of the associaƟon between autoanƟbodies and survival and 
treatment response reported above did not greatly change aŌer adjusƟng the analyses 
for occurrence of irAEs: HR for all-cause death: 0.65; 95% CI, 0.34–1.25, P = 0.20; OR for 
response: 2.50; 95% CI, 0.80–7.84, P = 0.12. All associaƟons of autoanƟbody status with 
survival and treatment response were similar when autoanƟbody status pre-ipilimumab 
was disregarded and all paƟents were included in the analysis (Supplementary Table 
S2). PaƟents who were autoanƟbody-posiƟve pre-ipilimumab had no survival or response 
beneĮt compared with paƟents who were autoanƟbody-negaƟve (HR for all-cause death: 
1.16; 95% CI, 0.67–2.03, P = 0.59; OR for response: 0.53; 95% CI, 0.19–1.46; P = 0.22).

DISCUSSION

In this study, we found that ipilimumab treatment induced development of autoanƟbodies 
in a ĮŌh of melanoma paƟents. Our analyses revealed a trend for associaƟon between 
autoanƟbodies and irAEs under ipilimumab, and a much stronger, signiĮcant associaƟon 
between ipilimumab-induced thyroid autoanƟbodies and thyroid dysfuncƟon under 
subsequent PD-1 blockade. Lastly, we found a minor survival and response beneĮt in paƟents 
who developed autoanƟbodies, speciĮcally in t hose who developed thyroid autoanƟbodies.

We determined the presence autoanƟbodies both pre- and posƩreatment with ICI 
therapy and linked these data to irAEs and clinical outcomes. Our results expand 
previous Įndings regarding the presence thyroid autoanƟbodies in paƟents with ICI-
induced thyroid dysfuncƟon (7-10) by showing that these autoanƟbodies also develop 
in the absence of overt thyroid dysfuncƟon. AnƟthyroid anƟbodies are common in 
populaƟons without overt thyroid disease, associated with or induced by concomitant 
autoimmune disease (i.e., type 1 diabetes mellitus, RA, and Celiac disease, refs (11-17)), 
mutaƟons in CTLA-4 (18, 19), upregulaƟon of MHC class II molecules on thyrocytes 
leading to thyroid anƟgen presentaƟon to autoreacƟve cells (20), or as we show here, 
ipilimumab treatment. Our data also conĮrm previous studies reporƟng that paƟents 
rarely develop RA autoanƟbodies (21-24) or autoimmune hepaƟƟs anƟbodies even in 
the presence of the related irAE (25-28).
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Our Įndings demonstrated that the development of thyroid autoanƟbodies predisposes 
euthyroid ipilimumab-treated paƟents to subsequent thyroid dysfuncƟon under anƟ–
PD-1 therapy. The associaƟon between thyroid autoanƟbodies and thyroid dysfuncƟon 
under anƟ–PD-1 therapy has been described previously (29, 30). Our results conĮrm 
that it is clinically useful to monitor paƟents with preexisƟng thyroid autoanƟbodies 
closely for thyroid dysfuncƟon with anƟ–PD-1 therapy.

Although several studies report an associaƟon between irAEs and clinical outcome 
under ICIs (31, 32), we did not Įnd such an associaƟon in this study. A relaƟonship 
between immune-related thyroid dysfuncƟon and clinical outcome has been described 
previously for various types of cancer immunotherapy, including IL2 (33-35), interferon-
2α (35-37), and pembrolizumab (29). Some of these studies also found a response or 
survival beneĮt under IL2 (33, 34) or interferon-2α (36) for paƟents who developed 
thyroid autoanƟbodies. These Įndings are in line with our observaƟons that paƟents 
developing thyroid autoanƟbodies with ICI have a beƩer treatment response.

Our results indicate that CTLA-4 inhibiƟon may lead to loss of B-cell self-tolerance. ICIs 
execute their funcƟon in an anƟgen-independent manner by diversifying the T-cell 
repertoire against a mulƟtude of tumor anƟgens (3, 5). In this study, we found that 
tolerance to nontumor autoanƟgens is broken as well and that breaking of tolerance 
may be associated with signs of clinical autoimmunity, under CTLA-4 inhibiƟon as well 
as subsequent PD-1 blockade. We did not observe that speciĮc autoanƟbodies induced 
disease in their related organ systems, but our results lacked the power to test this 
hypothesis. Breaking of B-cell tolerance and development of autoanƟbodies was also 
associated with beƩer treatment response (staƟsƟcal trend) and a survival beneĮt 
(though nonsigniĮcantly). Previous studies have shown that greater expansion of the 
T-cell repertoire by ICIs is associated with beƩer response (3, 5, 38). We hypothesize that 
this expansion is paired with T cell–dependent acƟvaƟon of autoreacƟve B-cells and 
autoanƟbody producƟon. If this is the case, autoanƟbodies may funcƟon as a marker 
for eīecƟve ICI-induced immunogenicity, and it is this enhanced immunity (rather than 
the autoanƟbodies themselves) which leads to reacƟons against both clinically favorable 
(e.g., tumor) and unfavorable (e.g., nontumor/self) Ɵssues. This could explain the link 
found in this study between autoanƟbodies and both treatment response and irAEs.

The main limitaƟon of this study is a lack of power due to the limited number of paƟents. 
This may explain why some of our Įndings failed to reach staƟsƟcal signiĮcance. We also 
had limited clinical data for which to correct our analyses. However, our study tested all 
paƟents treated with ipilimumab (not just the subset that developed irAEs) for a broad 
panel of autoanƟbodies in a longitudinal manner, facilitaƟng a pre- and posƩreatment 
comparison of autoanƟbody prevalence.
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We conclude that the development of autoanƟbodies is common with ipilimumab 
treatment and that autoanƟbody presence is associated with the development of irAEs 
and a trend for beƩer overall response and survival. These results indicate a promising 
avenue for future research in the quest for biomarkers predicƟng ICI therapy toxicity 
and eĸcacy.
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Supplementary Table S1: AssociaƟon between autoanƟbody development post-ipilimumab 
(in pre-ipilimumab negaƟve paƟents) and all-cause death as calculated by mulƟvariable Cox 
proporƟonal hazards regression, adjusted for age, gender, treaƟng hospital, and number of 
ipilimumab cycles received.

Development of… n posiƟve post-ipi/
N total negaƟve pre-ipi

HR (95% CIs) for
all-cause death

p

any autoanƟbody 19/99 0.66 ( 0.34 to 1.26) 0.21
anƟ-CCP2 or RF 3/124 0.68 (0.53 to 1.34) 0.60

autoimmune hepaƟƟs anƟbodies† 8/117 1.00 (0.43 to 2.40) 0.98
anƟ-TPO or anƟ-TG 13/124 0.50 (0.47 to 1.35) 0.10
anƟ-endomysium or anƟ-gliadin IgG 2/131 2.67 (0.63 to 11.3) 0.18
anƟ-adrenal cortex 0/133 N/A N/A
anƟ-nuclear anƟbodies 4/126 0.96 (0.30 to 3.11) 0.95

Ipi: ipilimumab. † anƟ-smooth muscle, anƟ-mitochondria, anƟ-liver-kidney-microsome, or anƟ-
nuclear anƟbodies.

Supplementary Table S2: AssociaƟon between autoanƟbody posiƟvity post-ipilimumab and 
all-cause death and treatment response. All analyses adjusted for age, gender, treaƟng hospital, 
and number of ipilimumab cycles received.

PosiƟve post-
ipilimumab for..

n posiƟve/ 
N total

HR (95% CIs) for 
all-cause death

p OR (95% CIs) for 
treatment response

p

any autoanƟbody 38/129 0.84 (0.52 to 1.36) 0.47 1.60 (0.68 to 3.78) 0.28
anƟ-CCP2 or RF 9/133 0.95 (0.41 to 2.21) 0.91 1.22 (0.25 to 5.88) 0.80
autoimmune 

hepaƟƟs anƟbodies†
17/133 0.80 (0.41 to 1.56) 0.51 1.81 (0.53 to 6.17) 0.34

anƟ-TPO or anƟ-TG 16/130 0.57 (0.28 to 1.19) 0.14 3.30 (1.02 to 10.7) 0.05
anƟ-endomysium or 
anƟ-gliadin IgG

3/132 3.35 (1.02 to 11.0) 0.05 0.81 (0.07 to 9.71) 0.87

anƟ-adrenal cortex 0/133 N/A N/A N/A N/A
anƟ-nuclear 
anƟbodies

9/133 1.25 (0.57 to 2.76) 0.58 2.04 (0.35 to 11.9) 0.43

HR calculated by Cox proporƟonal hazards regression. OR calculated by logisƟc regression. † anƟ-
smooth muscle, anƟ-mitochondria, anƟ-liver-kidney-microsome, or anƟ-nuclear anƟbodies.
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Rheumatoid arthriƟs (RA) is a chronic autoimmune disease aīecƟng mainly small joints, 
associated with speciĮc autoanƟbodies recognizing modiĮed protein epitopes, termed 
anƟ-modiĮed protein anƟbodies (AMPAs). Among these, anƟ-citrullinated protein 
anƟbodies (ACPA) targeƟng citrullinated epitopes are well-studied. AddiƟonally, other 
AMPAs recognizing carbamylated, acetylated, and malondialdehyde-acetaldehyde 
modiĮed proteins have emerged (1-3). Understanding AMPAs, parƟcularly ACPA, has 
reshaped RA pathophysiology theories, linking them to geneƟc factors like HLA shared 
epitope (SE) alleles and environmental factors like smoking (4-6).

Although ACPA-posiƟve RA has been associated with speciĮc geneƟc and environmental 
factors, the exact mechanisms triggering autoanƟbody formaƟon remain unclear. 
Research on other autoimmune diseases in diverse populaƟons has uncovered unique 
interacƟons between geneƟc suscepƟbility and environmental triggers, exempliĮed by 
fogo selvagem in Amerindians(7), as described in Chapter 2. InvesƟgaƟng autoanƟbody 
responses across diverse populaƟons and ethnic groups could unveil novel risk factors 
and disease mechanisms that play a role in the development of the autoanƟbody 
response and of the resulƟng autoimmune disease like RA.

To that end, Chapter 2 explored the geoepidemiology of AMPAs (anƟ-CarP, anƟ-MAA, 
and anƟ-AcVim) in four ethnically diverse ACPA-posiƟve RA populaƟons from diīerent 
conƟnents: The Netherlands, First NaƟons (Canada), Japan, and South Africa. We observed 
evident diīerences in AMPA prevalence and levels across cohorts, in line with previous 
studies that reported prevalence of anƟ-CarP in non-Caucasian/non-Western populaƟons 
(8, 9); no other data yet exists on populaƟon diīerences in anƟ-MAA or anƟ-AcVim. 
However, observed diīerences largely corresponded to variaƟons in total IgG levels rather 
than the classic RA risk factors HLA SE, HLA DRB1*03, or smoking. In fact, we found no 
consistent associaƟons between smoking, HLA SE alleles, and AMPA posiƟvity across 
cohorts. Later studies also found no associaƟon of non-ACPA AMPAs with HLA SE and 
smoking in a clinically suspect arthralgia cohort (10). In another study, the associaƟon with 
HLA-SE and smoking with various AMPAs showed conŇicƟng results, also when restricƟng 
the analysis only to anƟ-CCP2 posiƟve RA like in our study: a posiƟve associaƟon of 
smoking or HLA-SE was found with some anƟ-acetylated proteins and with some anƟ-
carbamylated proteins but not with others (11). It is diĸcult at present to draw conclusions 
from this, and more research is needed to elucidate whether AMPAs associate with classic 
RA geneƟc and environmental risk factors, as is the case for ACPA.

Overall, despite the lack of associaƟon, our Įndings do tell us something interesƟng: 
while AMPAs are present in diverse RA populaƟons across the world, populaƟon-speciĮc 
risk factors do not seem to signiĮcantly shape their development. This implies that the 
development of a broad AMPA response, pathognomonic in seroposiƟve RA, is the Įnal 
common outcome of diīerent pathways involved in disease. Work by our colleagues 
supports this theory in mice, where immunizaƟon with carbamylated proteins induces 
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development of anƟbodies recognizing both carbamylated and acetylated (self) 
proteins, and vice versa for immunizaƟon with acetylated proteins (12, 13). AnƟ-CarP 
and ACPA responses are also cross-reacƟve to a certain degree (13, 14), as are the 
B-cells producing them (15). In this way, diīerent AMPA responses can originate from 
a common B-cell response that may lead to disease development, regardless of the 
original PTM or anƟgen this B-cell clone recognized, which may indeed vary greatly 
dependent on local exposures to environmental sƟmuli, microbioƟc infecƟons, or 
geneƟc suscepƟbility.

However, other factors must also play a role in shaping the AMPA response because cross-
reacƟvity alone is not enough: 1) both AAPA and anƟ-CarP-responses are only partly cross-
reacƟve with citrullinated anƟgens (3, 16) and 2) anƟ-MAA-anƟbodies display no cross-
reacƟvity at all (17). There are mulƟple other processes that have been suggested to play 
a role in ACPA-producing B-cells surviving the various natural checkpoints that normally 
eliminate autoreacƟve clones. One promising mechanism is the selecƟve introducƟon 
of V-domain N-glycosylaƟon sites during T-cell aided somaƟc hypermutaƟon (SHM) of 
the ACPA-reacƟve B-cell receptor that, contrary to SHM in other immune responses, 
apparently does not produce aĸnity maturaƟon toward citrullinated anƟgens (18, 19). 
This may allow autoreacƟve ACPA B-cells, cross reacƟve to other PTMs, to escape negaƟve 
selecƟon by impairing the strength of their binding while sƟll allowing the clones to remain 
constantly sƟmulated due to ever-present autoanƟgens, as demonstrated by presence 
and persistence of classically short-lived IgM ACPAs (20) and IgM AMPAs (Chapter 4).

AlternaƟvely, or addiƟonally, glycosylaƟon of the B-cell receptor may lower the 
threshold for B-cell acƟvaƟon, preferenƟally allowing autoreacƟve clones to survive 
(21). These processes have so far exclusively been invesƟgated in ACPA-speciĮc B-cells; 
more research is needed to determine if the same mechanisms could be at play in 

B-cells reacƟve to the most recently discovered AMPA targets. Our results suggest that 
whatever the mechanisms to broad AMPA development, it follows a common path in 
paƟents with diīerent ethnic and geographical backgrounds.

Chapters 3-5 extensively explored the AMPA response in RA and its implicaƟons for 
treatment outcomes. The autoanƟbody proĮle exhibits great diversity. AMPAs target 
variable numbers of disƟnct pepƟdes with idenƟcal and divergent post-translaƟonal 
modiĮcaƟons and demonstrate signiĮcant heterogeneity in isotype usage (11, 22, 23). 
This breadth of the autoanƟbody proĮle likely arises from the breakdown of tolerance 
to mulƟple autoanƟgens and underscores the maturity of the humoral autoimmune 
response once RA manifests.

The diversity and breadth of the autoanƟbody proĮle raises the quesƟon whether 
this is associated with treatment outcomes. Early iniƟaƟon of disease-modifying 
drugs (DMARDs) has improved clinical remission rates (24, 25), but not all paƟents 

8
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achieve sustained drug-free remission (DFR) – the closest approximaƟon of disease 
cure available (26). Since autoanƟbody seroposiƟvity is a poor prognosƟc factor for 
this treatment goal, we hypothesized that the breadth of the baseline autoanƟbody 
proĮle (Chapter 3), seroconversion to autoanƟbody-negaƟvity (chapter 4), and changes 
in autoanƟbodies over Ɵme (Chapter 5) may set apart paƟents that do achieve early 
clinical remission or long-term sustained DFR. AddiƟonally, we invesƟgated, as previous 
publicaƟons have done, whether one speciĮc AMPA, a combinaƟon of them, and/or a 
speciĮc paƩern, with its changes over Ɵme, have any prognosƟc value.

Chapter 3 demonstrated that a broader autoanƟbody proĮle at baseline was associated 
with a greater early response to treatment, parameterized by a greater decrease in DAS 
aŌer 4 months of convenƟonal DMARD therapy in the IMPROVED trial. Conversely, that 
same broad proĮle was linked to a smaller chance of achieving iniƟal DFR during early 
drug tapering aƩempts. It did not impact chances of achieving long-term sustained DFR. 
In fact, baseline seroposiƟvity for anƟ-CCP2 IgG was the only relevant factor associated 
with inability to achieve long-term sustained DFR.

Our results show that the breadth of the autoanƟbody response is mainly relevant for 
early treatment response. We also found a trend that the number of AMPAs present 

was inversely related to likelihood of achieving iniƟal DFR. Analyses of the RETRO study 
by others support this trend: paƟents with a broad paƩern of AMPA response relapse 
more oŌen in the Įrst year aŌer DMARD tapering (27, 28). Reasons for the diīerence 
in eīect size in our study lie in diīerent deĮniƟons of the outcome and in our lack of 
a seronegaƟve comparator group. Studies that dichotomize RA into seroposiƟve and 
seronegaƟve disease have not found an associaƟon with autoanƟbody status and early 
treatment response, again underlining the importance of speciĮc characterisƟcs of the 
autoanƟbody proĮle, over simple dichotomy (29). The associaƟon of seroposiƟvity as 
a poor prognosƟc factor for long-term outcomes is well-established in literature, and 
our results align with that (26).

What our Įndings suggest is that the presence of mulƟple anƟbodies at baseline may 
be a marker of an acƟve autoimmune response, characterized by reacƟvity against 
mulƟple PTMs, extensive isotype usage, and possibly ongoing acƟvaƟon (23). We 
propose that paƟents with this proĮle may be more suscepƟble to immunosuppression 
by methotrexate and prednisone, explaining their beƩer early response. However, 
the importance of the baseline autoanƟbody proĮle diminishes over Ɵme, despite 
autoanƟbodies staying relaƟvely stable over Ɵme (more on this in Chapter 4). At later 
Ɵme points closer to tapering, the breadth of the autoanƟbody proĮle did not provide 
addiƟonal insights into long-term outcomes.

Baseline anƟ-CCP2 IgG posiƟvity was the only aspect of the proĮle to remain signiĮcant 
for long-term DFR. MulƟple studies have demonstrated the enduring presence of ACPA 
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memory B cells in circulaƟon, even in paƟents in clinical remission under convenƟonal 
DMARDs (30-32). AddiƟonally, persistent anƟbody posiƟvity could also be due to bone 
marrow long-lived plasma cells. It is likely that the clinical anƟ-CCP-test is good indicator 
of long-lived autoimmunity and, compared to a broader autoanƟbody proĮle, therefor 
seroposiƟvity for this indicates a subset of paƟents unable to successfully drug-tapering 
in the long run.

Chapter 4 builds upon previous Įndings to explore whether autoanƟbody levels 
exhibit changes over Ɵme and whether this change confers any prognosƟc advantage. 
It examines the concept of ‘immunological remission’, wherein conversion from 
seroposiƟve to seronegaƟve status for RA-associated autoanƟbodies could potenƟally 
signify a state of more profound disease remission than the absence of symptoms or 

synoviƟs (33). The study determined the frequency and signiĮcance of seroconversion 
for various RA-associated autoanƟbodies in a cohort aiming for drug-free remission, 
and the impact of seroconversion on successful drug disconƟnuaƟon.

In the IMPROVED study, longitudinal measurement of fourteen autoanƟbodies 
revealed modest rates of seroconversion to negaƟve, yet this did not correlate with 
favorable outcomes for sustained drug-free remission (SDFR). Despite eīorts to 
establish stricter criteria for seroconversion, such as complete or mulƟple autoanƟbody 
seroconversion, no associaƟon with SDFR was found (supplementary material). We 
conclude that autoanƟbody seroconversion does not eīecƟvely idenƟfy paƟents in a 
form of immunological remission wherein underlying autoimmune processes have been 
quenched. InvesƟgaƟons by colleagues in the Leiden Early ArthriƟs Clinic cohort found 
similar results for anƟ-CCP2 IgG/IgM and RF IgM seroconversion (34). Other studies 
support this noƟon on a cellular level: paƟents in clinical remission, similarly deĮned 
as in our study, retain an acƟvated phenotype of ACPA-speciĮc B-cells, suggesƟng that 
clinical remission is simply a state of suppressed inŇammaƟon in which immunological 
processes persist (30, 35). Currently, signals of low inŇammatory load, such as DAS or 
ultrasound Įndings, appear to be beƩer predictors of successful drug tapering than 
markers of humoral autoimmunity loss.

This study pioneered the aƩempt to operaƟonalize immunological remission as a 
measurable enƟty and assess its relevance to drug tapering success, concluding that 
seroconversion to negaƟve is not associated with the success of drug disconƟnuaƟon and 
is not be a meaningful biomarker in tapering decision-making. However, it does not refute 
the possibility of the existence of immunological remission in RA. Kristyanto et al. also 
invesƟgated ACPA-speciĮc B-cells in the pre-disease phase in ‘at risk’ arthralgia paƟents, 
and found that ACPA-expressing memory B-cells are already present and produce 
phenotypically idenƟcal ACPAs as in established RA paƟents, although the B cells do not 
yet show an acƟvated phenotype (35). This subset proliferates and acƟvates as paƟents 
progress to arthriƟs, and, as of yet, have not been found to revert to their quiescent state, 

8
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even in states of clinical remission. This quiescent state, or other cellular phenotypical 

states of ACPA B-cell deacƟvaƟon, may be the true immunological remission that indicates 
which paƟents may safely taper DMARDs. The Įrst results of the long-awaited ASCARA 
trial suggest that indeed, ACPA-expressing B-cells can be modulated by a CTLA-4 agonist 
(abatacept) towards a deacƟvated phenotype compaƟble with immunological remission 
(36). Whether this form of immunological remission leads to improved clinical outcomes 
or ability to taper DMARDs remains to be seen.

Chapter 5 further explores the potenƟal of autoanƟbodies as biomarkers for disease severity 
and treatment outcomes in RA, focusing this Ɵme on changes in levels within seroposiƟve 
subsets. We had hoped that serological changes in RA might prove to be an easily accessible 
biomarker for the future disease course, as is the case in other autoimmune diseases. A 
substanƟal drop in autoanƟbody levels could for example be a clinically tangible prognosƟc 
tool if it precedes successful drug-free remission. AddiƟonally, such an associaƟon and its 
relaƟonship with immunosuppression and disease acƟvity could shed light on autoimmune 
B cell response mechanisms in RA. Studies documenƟng the relaƟonship between 
ŇuctuaƟons in autoanƟbodies and disease acƟvity have been conŇicƟng (37-39) possibly 
because they did not consider the inŇuence of immunosuppressive treatment on level 
changes and disease acƟvity. AddiƟonally, Chapter 4 has shown that seroconversion to 
negaƟve, which of course requires a change in levels, had liƩle prognosƟc value. However, 
seroconversion happened mostly in paƟents whose anƟbody levels were already close to 
the cut-oī for posiƟvity. It is possible that robust changes in levels hold more prognosƟc 
informaƟon that merely ŇuctuaƟons around a cut-oī.

Therefore, we conducted a longitudinal characterizaƟon of changes in RA-associated 
autoanƟbody levels over Ɵme. Our results revealed no signiĮcant associaƟon 
between autoanƟbody changes and disease acƟvity, funcƟonal status, treatment 
response, or long-term outcomes like DFR and radiographic progression. Instead, the 
observed changes in autoanƟbody levels appear to primarily reŇect the eīects of 
immunosuppressive therapy, rather than indicaƟng disease-speciĮc clinically relevant 
processes. Consequently, monitoring autoanƟbody levels over Ɵme appears to oīer 
limited value in clinical seƫngs.

However, it does teach us something about RA pathophysiology. Despite both 
autoanƟbody levels and disease acƟvity decreasing signiĮcantly under anƟ-inŇammatory 
therapy, RA persists in the long term. We hypothesize that this may reŇect diīerences 
in longevity and place of residence of the autoanƟbody-producing cells. It seems 
plausible that synovial inŇammaƟon provides a niche that promotes the survival of 
ACPA-producing plasma cells (40), which falls away or is eliminated when treatment is 
iniƟated or intensiĮed, thereby decreasing autoanƟbodies. However, the autoanƟbody-
producing plasma cells may never be fully eradicated from their bone marrow niches, 
even in the absence of clinical symptoms, as previously discussed.
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Following in the footsteps of Chapter 5 and of other groups evaluaƟng mulƟ-biomarker 
disease acƟvity scores and imaging markers, Chapter 6 explored a marker of possible 
residual subclinical inŇammaƟon: circulaƟng calprotecƟn. CalprotecƟn, also known as 
S100A8/A9 or myeloid-related protein (MRP) 8/14, is a heterodimeric soluble protein 
complex released by leucocytes during infecƟous and inŇammatory condiƟons. 
TradiƟonally used in inŇammatory bowel disease diagnosƟcs (as fecal calprotecƟn 
measurements), calprotecƟn diīers from convenƟonal acute-phase reactants like 
C-reacƟve protein (CRP) and erythrocyte sedimentaƟon rate (ESR) as it is locally released 
at sites of inŇammaƟon (41). In RA, calprotecƟn correlates with disease acƟvity markers 
and synovial inŇammaƟon, is associated with erosive progression, and may predict 
response to (especially biological) DMARDs (42, 43). CalprotecƟn levels show special 
promise in juvenile idiopathic arthriƟs, where they correlate with disease acƟvity and 
relapse risk aŌer DMARD disconƟnuaƟon (44, 45). If such an associaƟon exists in RA, it 
could serve as a pracƟcal biomarker for predicƟng disease Ňare aŌer tapering, aiding 
risk straƟĮcaƟon and clinical decision-making.

Chapter 6 evaluated circulaƟng calprotecƟn’s role in predicƟng Ňare upon DMARD 
tapering in two independent cohorts (IMPROVED and RETRO study) and found that 
higher calprotecƟn levels were associated with increased Ňare risk within 12 months 
post tapering in the RETRO study, and that this improved upon convenƟonal Ňare 
predicƟon using clinical parameters. There was a smaller, non-signiĮcant eīect in 
the IMPROVED study, possibly because of diīerences in disease duraƟon, outcome 
measures (DAS44 vs DAS28-ESR), deĮniƟons of remission stability, and treatment use 
(prednisone in IMPROVED, biologicals in RETRO). PotenƟally, calprotecƟn might not 
be able to discriminate residual disease acƟvity when the deĮniƟon of remission is 
very strict, as was the case in the IMPROVED study (DAS44<1.6, compared to DAS28-
ESR<2.6 in the RETRO study); however, sensiƟvity analyses in the IMPROVED study using 
RETRO’s remission deĮniƟon did not change the results. Even more puzzling is the fact 
that a group in Nijmegen has conducted a very similar invesƟgaƟon of calprotecƟn 
in DFR in the DRESS study, as has another group in France, in the STRASS study, and 
found no value of calprotecƟn for predicƟng successful anƟ-TNF tapering (46, 47). The 
cohorts in these studies are similar to especially the RETRO study regarding paƟent 
characterisƟcs and design, including: long-standing disease, concomitant convenƟonal 
syntheƟc DMARD use (parƟcularly prednisone), minimal 6 months remission before 
tapering, previous DMARD use, and current use of TNFα inhibitors. Main diīerences 
are in the deĮniƟon of remission (RETRO: DAS-28-ESR<2.6; DRESS: DAS28-CRP<3.2; 
STRASS: DAS28<2.6), and in the deĮniƟon of RA (respecƟvely: EULAR 2010; ACR 1987/
EULAR 2010/clinical diagnosis; ACR 1987). However, all of these disease acƟvity indices 
have been shown to correlate well(48), and given the disease duraƟons in these cohorts 
(all long-standing disease), diīerences in selecƟon criteria are unlikely to explain the 
disparity in calprotecƟn results. These inconsistent Įndings across all cohorts challenge 
calprotecƟn’s applicaƟon; it is unclear whether the results in the RETRO study may be a 
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spurious Įnding. Further research is needed to examine its uƟlity in clinical pracƟce, for 
doing so could improve RA management, oīering personalized strategies for achieving 
drug-free remission while minimizing disease Ňare risks.

This thesis also delved into the pathophysiology of a diīerent type of autoimmunity; 
namely, iatrogenic autoimmune reacƟons induced by immune checkpoint inhibitors 
(ICIs). Ipilimumab, a CTLA-4 inhibitor and the Įrst ICI, caused a paradigm shiŌ in cancer 
immunotherapy when Įrst introduced in 2011 in the Įeld of metastaƟc melanoma, 
and since then, mulƟple ICIs have improved the previously dismal prognosis of paƟents 
with various types of cancer. However, this came at the cost of serious immune-related 
adverse events (irAEs), described to date in virtually every organ system, including 
the joints (49). The mechanism of these reacƟons lie in ICIs inhibiƟon of negaƟve 
cosƟmulatory signals to T cells which enhance anƟtumor T-cell responses (50). Because 
this mode of acƟon is not anƟgen-speciĮc, ICIs may also (re)acƟvate otherwise dormant 
autoreacƟve T cells. We hypothesized that this expansion would be accompanied by 
T cell–dependent acƟvaƟon of autoreacƟve B-cells and autoanƟbody producƟon, 
which in turn may be associated with more frequent irAEs and with beƩer anƟtumor 
responses, as has been reported for changes in the T-cell repertoire (51-53).

In Chapter 7, we observed that ipilimumab treatment induced autoanƟbody 
development in a signiĮcant porƟon of melanoma paƟents. There was a trend suggesƟng 
an associaƟon between autoanƟbodies and irAEs under ipilimumab treatment, and a 
subanalysis in only irAEs related to the development of any of the anƟbodies measured 
was signiĮcant for this associaƟon. Our study was unfortunately underpowered to 
directly invesƟgate the associaƟon between anƟbody development and the irAE in 
the organ system for which that anƟbody has convenƟonal diagnosƟc use. However, 
paƟents who developed autoanƟbodies, parƟcularly thyroid autoanƟbodies, showed 
minor survival and response beneĮts.

We gave special aƩenƟon to thyroid autoimmunity in our study. As we found, previous 
research shows that ipilimumab treatment can induce thyroid autoanƟbodies, even 
without overt thyroid dysfuncƟon (54-57). Thyroid autoanƟbodies are a special case 
in autoimmunity because they occur commonly in populaƟons without overt thyroid 
disease or non-thyroid concomitant autoimmune disease (58-64). AddiƟonally, 
mutaƟons in CTLA-4, a key regulator in autoimmunity (65) and the target of ipilumumab, 
contributes to the geneƟc suscepƟbility to thyroid autoanƟbodies development, possibly 
independently of manifest thyroid autoimmunity (66, 67). Lastly, thyrocytes, which are 
not classically anƟgen presenƟng cells, are able to present MHC class II molecules and 
thyroid anƟgens in autoimmune thyroidiƟs in vivo (68), which are recognized by T-cells 
which in turn acƟvate B-cells to produce autoanƟbodies.
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InteresƟngly, in our study, the development of thyroid autoanƟbodies predisposed 
euthyroid ipilimumab-treated paƟents to subsequent thyroid dysfuncƟon under anƟ-
PD-1 therapy. InducƟon of thyroid autoimmunity by anƟ-PD-1 therapy in paƟents 
with pre-exisƟng thyroid autoanƟbodies has been described previously (69-71), and 
conĮrmed recently (72, 73). This probably rests in the vital role of PD-1/PD-L1 axis in 
maintaining thyroid tolerance (74): in autoimmune thyroidiƟs, circulaƟng levels of PD-1 
posiƟve T-cells are enriched. In response, thyrocytes have increased levels of PD-L1 
expression, intent on keeping budding autoimmunity in check, and possibly explaining 
why autoimmune thyroidiƟs is generally a slowly progressive illness. In PD-1 inhibiƟon 
with ICIs, however, this aƩenuaƟon falls away, and could explain why thyroid anƟbodies 
and overt thyroid autoimmunity develops. We suggest that in paƟents who have been 
treated with previous CLTA-4 inhibiƟon, this process may be primed and occur more 
frequently, though future studies are needed to elucidate the mechanism.

In our study, autoanƟbody development – thyroid autoimmunity in parƟcular – was 
also associated with (minor) survival and response beneĮts. These results are in line 
with another longitudinal study in nivolumab (PD-1 inhibitor) treated lung cancer 
paƟents, wherein development of auto-anƟbodies (anƟ-nuclear anƟbodies, anƟ–
extractable nuclear anƟgen, and/or anƟ–smooth muscle anƟbodies) was predicƟve of 
irAEs development and survival (75). It is likely that this autoimmunity is a marker for 
eīecƟve ICI-induced immunogenicity, reŇecƟng enhanced immunity that targets both 
tumors and self-Ɵssues.

Thyroid autoanƟbody producƟon in parƟcular was most strongly associated with irAEs, 
survival, and therapy response. One other study noted that thyroid-autoanƟbodies 
are associated with overt thyroid dysfuncƟon, and that thyroid irAEs are associated 
with beƩer survival, but a direct associaƟon between autoanƟbodies and survival is 
unfortunately not reported(70). Whether there is a speciĮc mechanisƟc link between 
anƟ-thyroid immunity, in the form of autoanƟbodies or irAEs, and anƟ-tumor immunity 
is unknown, and more studies are needed to validate this associaƟon.

It is worth noƟng in the larger context of this thesis that we found that classical 
rheumatoid arthriƟs autoanƟbodies (anƟ-CCP2 and RF) only developed in 3 out of 
133 paƟents who were seronegaƟve at baseline, and that in these paƟents, no one 
developed a rheumaƟc irAE. Conversely, in paƟents who did develop a rheumaƟc 
irAE, no one developed autoanƟbodies. A recent meta-analysis of 372 anƟ-PD1 or 
anƟ-CTLA-4 treated paƟents with various forms of cancer conĮrms that seroposiƟvity 
in “rheumatoid arthriƟs–like” irAEs is rare: 9%, compared to the 70% in classic RA 
(76). This begs the quesƟon: how similar are the mechanisms that lead to inducƟon 
of ICI rheumaƟc illness compared to those that lead to RA? Comparisons between RA 
populaƟons in Chapter 2 showed striking similarity in the prevalence of AMPAs, despite 
vastly diīerent geneƟc and environmental backgrounds, poinƟng to a common Įnal 
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pathway. Studies that aƩempt to discern the immunogeneƟcs of paƟents that develop 
rheumaƟc irAEs or autoanƟbodies have shown conŇicƟng results. One study showed 
that HLA SE was enriched in paƟents with ICI-induced rheumaƟc irAEs compared with 
ethnically matched healthy controls, with similar rates of HLA-SE heterozygosity as 
matched RA controls (77). This is a surprising Įnding as, in line with our study, very few 
paƟents with rheumaƟc irAEs were seroposiƟve for anƟ-CCP2, whilst considering the 
strong associaƟon of HLA SE and ACPA in RA, one would perhaps also have expected 
HLA SE-posiƟve oncology paƟents with rheumaƟc irAEs to develop ACPA. A later study 
was unable to replicate the associaƟon of rheumaƟc irAEs with SE, but was able to 
show that ACPA in paƟents with rheumaƟc irAEs was diīerent from established RA 
paƟents, with lower ACPA levels and less epitope usage (78). Currently, there is too 
liƩle data available to draw conclusions about the interplay of autoanƟbodies, geneƟc 
risk, and immune dysregulaƟon in rheumaƟc irAEs. However, the importance of this 
cannot be understated. At its basis, irAEs in ICI treatment can serve as a human model 
for classic autoimmune disease. IdenƟfying the inciƟng events and risk factors that lead 
to autoimmunity could shed light on early stages of pathogenesis of diseases like RA.

CLOSING REMARKS

This chapter provides a summary and discussion of the Įndings of the studies described 
in this thesis. First, to beƩer understand the pathogenesis of RA, we invesƟgated the 
relaƟonship of geneƟc and environmental risk factors with the AMPA proĮle in diīerent 
populaƟons of RA, and found epidemiological evidence for a Įnal common pathway 
in AMPA formaƟon. We went on to further characterize this AMPA proĮle over Ɵme, 
and showed that baseline composiƟon, but not changes over Ɵme, were relevant for 
RA prognosis. The outcome of drug-free remission in parƟcular was highlighted as a 
potenƟal proxy for RA cure, but our results suggest that the holy grail of immunological 
remission lies beyond changes in serological measurements of AMPAs. CalprotecƟn’s 
use as clinical decision-making tool in aƩempƟng drug-free remission requires further 
invesƟgaƟon. Lastly, we showed that autoanƟbodies are formed during treatment with 
ICIs, and that a subset of these are possibly relevant for treatment outcomes.

Throughout this chapter, I placed results in context of what is known, aƩempted to 
address some of the major challenges of research in autoanƟbodies, and proposed 
future avenues of research to build upon what we discovered. Although the studies 
in this thesis provide us with new insights in diīerent aspects of autoanƟbodies and 
rheumatoid arthriƟs, more quesƟons were raised than were answered, as is inherent 
to research. I hope that this thesis contributes to new understandings of disease 
mechanisms in RA and autoimmunity, and that these Įndings may, following expansion 
by other clinical and basic science studies, translate into new approaches for prognosƟc 
evaluaƟon and more targeted treatment of rheumatoid arthriƟs.
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Reumatoïde artriƟs (RA) is een ernsƟge auto-immuunziekte van onbekende eƟologie, 
die symmetrisch de kleine gewrichten van handen en voeten aantast. RA manifesteert 
zich meestal met klachten zoals gewrichtspijn, zwelling, sƟjĬeid en vermoeidheid, wat 
een aanzienlijke impact heeŌ op de kwaliteit van leven en producƟviteit van paƟënten. 
Onbehandeld leidt RA tot progressieve gewrichtsschade en invaliditeit.

RA wordt geclassiĮceerd in seroposiƟeve en seronegaƟeve RA, op basis van de 
aanwezigheid of afwezigheid van speciĮeke autoanƟlichamen in het serum van 
paƟënten. SeroposiƟeve RA wordt gekenmerkt door de aanwezigheid van reumafactor 
(RF) en/of anƟstoīen tegen gecitrullineerde pepƟden (anƟ-citrullinated protein 
anƟbodies; ACPAs), terwijl seronegaƟeve RA deze convenƟonele autoanƟlichamen 
mist. SeroposiƟeve RA paƟënten hebben een agressievere ziektefenotype, hogere 
ziekteacƟviteit, snellere radiograĮsche progressie en slechtere behandelingsresponsen 
vergeleken met seronegaƟeve paƟënten.

AutoanƟlichamen spelen een waarschijnlijk cruciale rol in de pathogenese van RA. RF 
was het eerste autoanƟlichaam welke bij RA werd gevonden, en wordt gedetecteerd 
bij ongeveer 60-70% van de paƟënten. RF is opgenomen in zowel de classiĮcaƟecriteria 
van de American College of Rheumatology uit 1987 als de ACR/EULAR-criteria uit 2010 
en is geassocieerd met ernsƟger gewrichtsschade en extra-arƟculaire manifestaƟes. 
RF richt zich op het Fc-deel van IgG en bestaat uit verschillende isotypen, waarbij IgM 
het meest voorkomt. RF is betrokken bij de vorming van immuuncomplexen, vooral in 
de synoviale vloeistof, waar RF de ontsteking kan bevorderen door sƟmulaƟe van pro-
inŇammatoire cytokineproducƟe.

ACPAs zijn zeer speciĮeke biomarkers voor RA, gedetecteerd bij ongeveer 70-80% van 
de paƟënten. Ze richten zich op gecitrullineerde eiwiƩen zoals Įbrinogeen, vimenƟne, 
α-enolase en collageen type II. De aanwezigheid van ACPAs correleert met ernsƟger 
ziektefenotypes, snellere radiograĮsche progressie en slechtere behandelingsresponsen. 
ACPAs kunnen al jaren voor het begin van klinische symptomen in het serum van RA-
paƟënten worden gedetecteerd, wat wijst op hun betrokkenheid bij de preklinische 
stadia van de ziekteontwikkeling.

Naast RF en ACPA zijn er steeds meer autoanƟlichamen tegen andere post-translaƟonele 
modiĮcaƟes ontdekt, de zogenoemde anƟ-modiĮed protein anƟbodies (AMPAs). 
AnƟlichamen tegen gecarbamyleerde eiwiƩen (anƟ-carbamylated protein anƟbodies, 

anƟ-CarP) worden gedetecteerd bij ongeveer 30-40% van de paƟënten. AnƟ-
acetylated protein anƟbodies (AAPA) richten zich op geacetyleerde eiwiƩen, maar hun 
klinische betekenis en funcƟonele rol in de ziektepathogenese is onduidelijk. Een nog 
nieuwere groep anƟlichamen richt zich op producten gevormd door de reacƟe van 
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malondialdehyde (MDA) en acetaldehyde met lysine in eiwiƩen (anƟ-malondialdehyde-
acetaldehyde adduct anƟbodies anƟ-MAA).

De ontwikkeling van autoanƟlichamen wordt beïnvloed door geneƟsche en 
omgevingsfactoren. De belangrijkste geneƟsche risicofactor is een gedeelde 
aminozuursequenƟe (posiƟe 70–74) op HLA-DRB1, bekend als het shared epitope (HLA-
SE), sterk geassocieerd met ACPA-posiƟeve RA. Omgevingsrisicofactoren, zoals roken 
en blootstelling aan inhalanƟa, hebben ook sterkere associaƟes met ACPA-posiƟeve 
RA. Beschermende HLA-allelen, zoals HLA-DRB1*13, benadrukken dat geneƟsche 
predisposiƟe complex en tweezijdig is.

Hoewel RA al duizenden jaren voorkomt en zelfs in skeletresten en 17e-eeuwse 
Nederlandse schilderkunst is beschreven, bleef de ziekte tot zo’n 50 jaar geleden 
grotendeels onbehandelbaar. Met de introducƟe van ziekte-modiĮcerende anƟ-
reumaƟsche middelen (DMARDs), later gevolgd door biologicals en small molecules, 
is ziekte-remissie nu voor veel paƟënten haalbaar. Toch blijŌ het bereiken van een 
medicaƟevrije remissie (drug-free remission, DFR) bij slechts 10–20% van de paƟënten 
mogelijk. DFR is pathofysiologisch bijzonder interessant, omdat dit wellicht een toestand 
van ‘echte’ immunologische remissie weerspiegelt, waarin de onderliggende auto-
immuunprocessen tot rust zijn gebracht. Welke paƟënten dit kunnen bereiken en welke 
immunologische mechanismen hieraan ten grondslag liggen, is echter grotendeels 

onbekend.

AutoanƟlichamen spelen hierin mogelijk een sleutelrol. SeroposiƟviteit is doorgaans 
geassocieerd met slechtere behandeluitkomsten en meer gewrichtsschade, waardoor 
er veel interesse bestaat in de prognosƟsche waarde van de samenstelling en 
eigenschappen van autoanƟlichamen bij RA. Toch is het nog onduidelijk of veranderingen 
in autoanƟlichaamniveaus of -proĮelen daadwerkelijk iets zeggen over het bereiken 
van immunologische remissie en DFR. Eerdere studies laten tegenstrijdige resultaten 
zien, vooral met betrekking tot de relaƟe tussen ŇuctuaƟes in anƟlichaamniveaus 
en ziekteacƟviteit. Daarnaast is er behoeŌe aan aanvullende biomarkers, zoals 
calprotecƟne, die mogelijk gevoeliger indicatoren zijn van resterende ziekteacƟviteit 
en kunnen helpen bij beslissingen rondom DMARD-aĩouw.

TegelijkerƟjd hebben recente ontwikkelingen in de oncologie, zoals immuuncheckpoint-
remmers (immune checkpoint inhibitors, ICIs), nieuwe vragen opgeroepen. Deze 
therapieën kunnen auto-immuunbijwerkingen veroorzaken (immune-related adverse 
events, irAEs), die soms sterk lijken op reumaƟsche ziektebeelden. Het bestuderen 
van autoanƟlichamen in dit kader kan niet alleen helpen bij het voorspellen van irAEs, 
maar ook nieuwe inzichten bieden in de rol van autoanƟlichamen bij het ontstaan van 
klassieke auto-immuunziekten zoals RA.

A
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De belangrijkste doelstellingen van dit proefschriŌ waren dan ook:

•	 Het karakteriseren van de relaƟe tussen geneƟsche en omgevingsrisicofactoren 
en het AMPA-proĮel in verschillende RA-populaƟes.

•	 Het beschrijven van longitudinale veranderingen in kenmerken van het AMPA-
proĮelen en het onderzoeken van hun prognosƟsche waarde voor vroege 
behandeluitkomsten en DFR.

•	 Het beoordelen van calprotecƟne als marker van resterende ontsteking bij 
paƟënten in remissie, en als klinisch hulpmiddel bij het aĩouwen van DMARDs.

•	 Het onderzoeken van autoanƟlichaamvorming en de relaƟe met irAEs bij 
behandeling met ICIs.

Hoofdstuk 2 onderzocht de geo-epidemiologie van AMPAs (anƟ-CarP, anƟ-MAA en anƟ-
AcVim) in vier etnisch diverse ACPA-posiƟeve RA-populaƟes: Nederland, First NaƟons 
(Canada), Japan en Zuid-Afrika. We vonden duidelijke verschillen in AMPA-prevalenƟe 
en -niveaus tussen de cohorten, maar deze hingen vooral samen met variaƟes in totale 
IgG-spiegels en niet met klassieke geneƟsche en omgevingsrisicofactoren zoals HLA-SE 
of roken. Dit sluit aan bij eerdere studies dat anƟ-CarP vaker voorkomt in niet-Westerse 
populaƟes, terwijl data over anƟ-MAA en anƟ-AcVim nauwelijks beschikbaar waren. 
Onze resultaten suggereren dat de ontwikkeling van een brede AMPA-respons een 
gemeenschappelijk eindpunt is van verschillende ziekteprocessen, onaĬankelijk van de 
oorspronkelijke post-translaƟonele modiĮcaƟe of het anƟgeen dat de B-cel herkende. 
Dit impliceert dat populaƟespeciĮeke risicofactoren mogelijk minder bepalend zijn 
voor AMPA-vorming dan gedacht, en dat de brede AMPA-respons een fundamenteel 
kenmerk is van seroposiƟeve RA.

Hoofdstukken 3–5 onderzochten uitgebreid de diversiteit van het autoanƟlichaamproĮel 
in RA en de implicaƟes hiervan voor behandeluitkomsten. Het proĮel bleek zeer 
breed, met herkenning van verschillende pepƟden en modiĮcaƟes, en met uitgebreid 
isotypegebruik.

In hoofdstuk 3 werd aangetoond dat een breder autoanƟlichaamproĮel bij baseline 
samenhing met een sterkere vroege behandelrespons in de IMPROVED-studie, 
waarschijnlijk doordat dit proĮel een acƟeve, maar ook goed onderdrukbare auto-
immuunrespons weerspiegelt. TegelijkerƟjd ging een breed proĮel gepaard met een 
kleinere kans op vroege DFR Ɵjdens aĩouwpogingen. Op de langere termijn was echter 
alleen anƟ-CCP2 IgG-seroposiƟviteit geassocieerd met het niet behalen van DFR, wat 
aansluit bij de literatuur dat ACPA-memory B-cellen en langlevende plasmacellen 
therapieresistent zijn. Deze bevindingen impliceren dat autoanƟlichaamproĮelen vooral 
informaƟef zijn voor vroege behandelrespons, maar dat anƟ-CCP2-seroposiƟviteit de 
sterkste voorspeller blijŌ voor ongunsƟge lange termijnuitkomsten.
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Hoofdstuk 4 onderzocht of seroconversie naar autoanƟlichaam-negaƟviteit betekenisvol 
was. Een deel van de paƟënten werd seronegaƟef, maar was dit niet geassocieerd 
met betere kansen op langdurige DFR. Dit suggereert dat seroconversie geen marker 
is voor ‘immunologische remissie’, waarbij de onderliggende auto-immuunprocessen 
daadwerkelijk tot rust zijn gekomen.

Hoofdstuk 5 richƩe zich op veranderingen in autoanƟlichaamniveaus over de Ɵjd. 
Niveauveranderingen bleken grotendeels het gevolg van immunosuppressieve therapie 
en hadden geen voorspellende waarde voor ziekteacƟviteit, funcƟonele status, DFR of 
radiograĮsche progressie. Dit wijst erop dat (veranderingen in) autoanƟlichaamniveaus 
weinig directe informaƟe geven over de immunopathologie die RA in stand houdt, maar 
eerder de mate van ontstekingsremming weerspiegelen. Het ondersteunt het idee 
dat de autoanƟstofproducerende cellen in niches zoals beenmerg grotendeels blijven 
bestaan, zelfs bij klinische remissie.

Hoofdstuk 6 onderzocht calprotecƟne als biomarker voor subklinische ontsteking en 
Ňare na DMARD-aĩouw, in de IMPROVED- en RETRO-studie. In RETRO was een hoger 
calprotecƟneniveau geassocieerd met een verhoogd risico op Ňare binnen 12 maanden, 
bovenop convenƟonele klinische parameters. In IMPROVED werd dit verband niet 
gevonden, mogelijk door verschillen in populaƟe, deĮniƟe van remissie en gebruikte 
therapieën. Deze discrepanƟes benadrukken zowel het potenƟeel van calprotecƟne 
als een marker voor residuele ziekteacƟviteit, als de huidige onzekerheid over de 
toepasbaarheid in de klinische prakƟjk.

Hoofdstuk 7 richƩe zich op immuun-gerelateerde bijwerkingen (irAEs) door 
immuuncheckpointremmers (ICIs). Bij een aanzienlijk deel van de melanoompaƟënten 
die ipilimumab kregen, ontstonden nieuwe autoanƟlichamen, vooral tegen de schildklier. 
Deze ontwikkeling ging samen met een iets betere overleving en therapierespons, en bij 
sommige paƟënten met latere schildklierdisfuncƟe onder PD-1-remming. Dit suggereert 
dat autoanƟlichaamvorming een marker kan zijn voor krachƟge immuunacƟvaƟe die 
zowel tumoren als zelfweefsels treŌ. Opvallend was dat klassieke RA-anƟlichamen 
(anƟ-CCP2 en RF) nauwelijks werden geïnduceerd en ook zelden aanwezig waren bij 
paƟënten met reumaƟsche irAEs. Dit wijst erop dat de mechanismen die ten grondslag 
liggen aan autoanƟlichaamvorming bij RA anders zijn dan bij reumaƟsche irAEs. Juist 
deze verschillen maken het onderzoeksveld bijzonder interessant: ICIs bieden een uniek 
model om te begrijpen hoe auto-immuniteit ontstaat, en kunnen nieuwe inzichten 
opleveren die zowel bijdragen aan veiligere en eīecƟevere kankerimmunotherapie als 
aan beter begrip en behandeling van klassieke auto-immuunziekten zoals RA.

Conclusie
Samengevat laten de studies in dit proefschriŌ zien dat autoanƟlichaamproĮelen 
belangrijk zijn voor de vroege behandelrespons in RA, maar slechts beperkte waarde 

A
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hebben voor het voorspellen van langdurige DFR of het stoppen van onderliggende 
auto-immuunprocessen. CalprotecƟne is een veelbelovende marker van subklinische 
ontsteking, maar de inconsistenƟe tussen cohorten verhindert voorlopig brede 
toepassing. AutoanƟlichaamontwikkeling Ɵjdens ICI-therapie illustreert hoe 
immuunacƟvaƟe zowel gewenste anƟ-tumorreacƟes als ongewenste auto-immuniteit 
kan veroorzaken. Gezamenlijk benadrukken deze bevindingen dat autoanƟlichamen en 
biomarkers belangrijke bouwstenen zijn om RA en aanverwante auto-immuunziekten 
beter te begrijpen, maar dat meer onderzoek nodig is om ze te vertalen naar klinisch 
bruikbare voorspellers voor gepersonaliseerde behandeling en veilige DMARD-aĩouw.
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