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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

3
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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 

3
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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
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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.
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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
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