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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) 



117

CalprotecƟn as a marker for disease Ňare

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.

6
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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 



121

CalprotecƟn as a marker for disease Ňare

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.
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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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