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on the basis of the 2010 criteria (only 25.4% seen within the 
window of opportunity), but numerically affected also patients 
meeting both sets of criteria (referred early in 29.8% of the 
cases). Decrease in early identification was observed particularly 
in patients with high disease activity (44.5% vs 31% before and 
after 2010, respectively, p=0.09), while patients with moderate 
inflammation were seen within the window of opportunity at 
stably low rates of 25%–29% (online supplemental figure 1C,D). 
Furthermore, in autoantibody-negative patients, the improve-
ment over time of inflammatory features, especially of SJs, was 
significant but smaller compared with autoantibody-positives, 
and PROs such as pain and global assessment of disease activity 
remained severely impacting, with mean values of up to 60 mm 
even in recent times (figure 1E,F and online supplemental table 
S3).

Collectively, our data indicate that a large proportion of 
patients with RA still miss the opportunity of being identified 
early despite dedicated fast-track access to rheumatology care. 
Strategies promoting early referral should therefore include 
education campaigns at the level of the population and health 
professionals. Nonetheless, autoantibody-positive patients 
present with milder and less disabling disease in more recent 
years. In contrast, patients lacking serological markers such 
as autoantibodies, despite fulfilling the prognostic criteria for 
chronic persistent arthritis, are at increased risk of delayed 
identification and remain burdened by severe disease. Such 
changing phenotype of autoantibody-negative RA arises from a 
number of concomitant factors which have only partially been 
explored, including delayed referral from primary care,7 require-
ment of more severe inflammation to fulfil the RA criteria8 
and lower sensitivity of current classification tools.5 Interven-
tions that specifically aid the early and accurate identification 
of autoantibody-negative patients with RA therefore appear an 
urgent need.
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Cross-reactivity of anti-modified protein 
antibodies is also present in predisease and 
individuals without rheumatoid arthritis

The presence of anti-citrullinated protein antibodies (ACPAs), 
anti-carbamylated protein antibodies (anti-CarPAs) and anti-
acetylated protein antibodies (AAPAs) is a hallmark of rheu-
matoid arthritis (RA). ACPA and anti-CarPA can already be 
detected years before RA onset.1 Moreover, it has been shown 
that the citrullinated epitope recognition profile of ACPA 
expands before RA develops. Recently, it has become clear that 
ACPA can display cross-reactivity to other post-translational 
modifications (PTMs), more specifically homocitrulline and 
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Figure 1  (A) ACPA, anti-CarP and AAPA IgG levels, using the CCP4, 
CHcitP4 and CAcetylP4 peptides as antigen, in arbitrary units per ml 
(aU/mL) over time of 19 patients with RA before disease onset. Left 
graphs show the data in years before onset. The heatmap on the right 
shows a summary of the AMPA IgG levels per time point. (B) ACPA, anti-
CarP and AAPA IgG levels in aU/ml of Japanese ACPA-non-RA samples 
(n=197), Japanese AcpA +non RA samples (n=54), Dutch healthy donors 
(n=30) and established patients with RA (n=29). (C) Correlations of 
ACPA, anti-CarP and AAPA levels in aU/mL in Japanese ACPA +non RA 
samples. R=correlation coefficient. (D) ACPA, anti-CarP and AAPA IgG 
levels in aU/mL of six samples from Japanese AcpA +non RA samples 
after antibody isolation using CCP4, CHcitP4 or CAcetylP4 peptides.
ACPA, anticitrullinated protein antibody; AAPA, antiacetylated protein 
antibody; anti-CarPA, anti-carbamylated protein antibodies; RA, 
rheumatoid arthritis.

acetyllysine, as shown at both the monoclonal and polyclonal 
antibody level.2 3 B cell receptor analysis of ACPA-expressing 
B cells from patients with RA has shown that ACPAs have 
undergone extensive somatic hypermutation and that this can 
facilitate epitope spreading to multiple citrullinated epitopes.4 
Given the association of ACPA epitope spreading with 
progression to disease, it is relevant to obtain more insights 
when cross-reactivity to other PTMs is introduced. Further-
more, insights in whether cross-reactivity is also present in 
ACPA-positive subjects without RA or confined to subjects that 
will—or have developed RA will also help to better under-
stand the evolution of anti-modified protein antibody (AMPA) 
responses. Therefore, we analysed cross-reactivity of the ACPA 
response in pre-disease samples and ACPA-positive individuals 

without RA. To this end, ACPA, anti-CarPA and AAPA in 
different cohorts were measured using modified peptides as 
described in online supplemental materials. First, we analysed 
the AMPA-IgG response in samples from 19 different Swedish 
subjects who later developed RA. As expected, ACPA could 
be detected years before disease onset with a rise in antibody 
level over time (figure 1A). We detected a similar pattern for 
anti-CarPA and AAPA. Interestingly, for most patients with 
detectable ACPA, anti-CarPA and/or AAPA, these antibodies 
could be detected at the same timepoint, indicating their 
simultaneous appearance years before disease onset. Next, 
we analysed AMPA levels in samples from ACPA-positive and 
ACPA-negative Japanese individuals without RA, derived from 
the community-based Nagasaki Island study (figure 1B, online 
supplemental figure S1).5 Intriguingly, a strong correlation 
between levels of the different individual AMPA-reactivities 
was observed, pointing to cross-reactivity of the antibodies 
(figure  1C). To experimentally confirm cross-reactivity, we 
selected six samples from ACPA-positive non-RA individuals 
with high AMPA values, isolated ACPA, anti-CarPA and AAPA 
and determined the reactivity of the isolated antibodies to the 
three different PTMs. Isolated ACPAs were highly reactive to 
the homocitrullinated and acetylated antigen and vice versa, 
showing that AMPA in individuals without RA are also cross-
reactive towards different PTMs (figure  1D). These results 
were confirmed on post-translationally modified fibrinogen 
and FCS (online supplemental figure S2). Interestingly, the 
reactivity to citrullinated/homocitrullinated peptides was 
higher when AMPA were isolated with a citrullinated or 
homocitrullinated antigen than with an acetylated antigen. 
This suggests cross-reactivity between ACPA and anti-CarPA 
is stronger than between either of them and AAPA. Together, 
our data show that ACPA, anti-CarPA and AAPA already 
coexist before disease onset. Moreover, ACPA can be cross-
reactive towards homocitrulline and acetyllysine in ACPA-
positive individuals without RA. These results indicate that 
cross-reactivity towards different PTMs emerges when AMPA 
responses become detectable and provide evidence that cross-
reactivity towards different PTMs is an intrinsic characteristic 
of AMPA responses. This finding is in line with the observa-
tion that (germline) ACPA-IgM can be cross-reactive towards 
other PTMs as well.6 Although cross-reactivity seems to be 
an intrinsic feature of AMPA, it is tempting to speculate that 
the most cross-reactive B cells are selected during progres-
sion towards RA, explaining the increase of the ACPA epitope 
recognition profile in time towards disease onset. Although 
cross-reactivity is already present before disease onset, the 
further increase in AMPA cross-reactivity and level could be 
a valuable biomarker in predicting transition towards disease.
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Sequential interleukin-17/interleukin-23 
inhibition in treatment-refractory 
psoriatic arthritis

Treatment of psoriatic arthritis (PsA) has considerably improved 
by the introduction of biological disease modifying antirheu-
matic drugs.1 2 Monoclonal antibodies targeting tumour necrosis 
factor alpha (TNFa), interleukin-17 (IL-17) and IL-23 have 
shown efficacy in psoriatic joint and skin disease.3 While most of 
PsA patients respond to either one of these treatments, a subset of 
patients is highly resistant to all three cytokine blocking modal-
ities and shows refractory active disease. This subset of patients 
represents a challenge that requires new therapeutic concepts.

Combined cytokine inhibition might represent an attractive 
opportunity for such patients: Within the IL-17 family, this 
concept is followed by dual inhibition of IL-17A and IL-17F 
by bimekizumab,4 while evidence for inhibition across cytokine 
families is sparse to date. Dual inhibition of TNF and IL-17 has 
not shown additive efficacy over single TNF inhibition when 
used by PsA patients failing on methotrexate.5 In resistant PsA 
patients, combination of ustekinumab with TNF inhibitors has 
been used with success in two small case series,6 7 however, infec-
tion rate was high, suggesting that such treatment should be used 
with caution. These data indicate limitations of combined cyto-
kine blockade with respect to safety and efficacy in PsA.

Herein, we used an alternating treatment regimen cycling 
between IL-23 and IL-17 inhibitors in three PsA patients failing 
on single inhibition of TNF (adalimumab 40 mg/2 weeks), IL-23 
(guselkumab 100 mg/2 months) and IL-17 (secukinumab 300 
mg/month). This approach conceptualises observations that 
IL-23 and IL-17 inhibition share a low infection risk,8 can act 
independently from each other9 and that IL-23 inhibition may 
have long-standing effects that may sensitise patients to IL-17 
inhibition.10 Alternating IL-23/IL-17 treatment was done by 
administering guselkumab (100 mg), followed by secukinumab 
(150 mg) after 2 months, followed by guselkumab after 1 month 
and so on. Based on this regimen also the overall drug costs are 
not higher than with single cytokine inhibition.

All three patients (figure  1A) had severe PsA with 
moderate-to-severe psoriasis (Psoriasis Area and Severity 
Index (PASI): 12.1±2.9), very highly active arthritis 
(Disease Activity in Psoriatic Arthritis (DAPSA): 33.6±6.6) 
and active enthesitis (Spondyloarthritis Research Consor-
tium of Canada Index (SPARCC): 5.0±1.0). None of the 
patients were reaching sufficient and comprehensive control 
of disease after 6 months of adalimumab (PASI: 7.0±2.2; 
DAPSA: 14.3±4.0; SPARCC: 2.3±0.5), after 6 months of 
secukinumab (3.8±2.1; 20.3±3.2; 1.3±1.1) or after 6 
months of guselkumab (2.9±2.4; 21.3±3.5; 1.3±1.1) treat-
ment (figure 1B). While patients improved in their symptoms 
and showed partial response to single agents, none of them 
reached minimal disease activity (MDA) state or an accept-
able symptom state. Based on this, alternating IL-23/IL-17 
treatment was started according to the regimen described 
above with switching to secukinumab while being already on 
guselkumab as the last treatment in all patients. Alternating 
treatment lead to a continuous improvement of the activity 
in all domains (joints, skin, entheses) with very low values 
after 6 months (0.5±0.5; 4.3±1.5; 0.3±0.5) (figure  1C). 
Improvement was consistent among all different components 
of arthritis (figure 1D). All three patients reached MDA state 
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