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Abstract

Background: The development of autoantibodies in patients with rheumatoid arthritis (RA) has potential as a
marker of treatment response. This analysis assessed the association of an autoantibody response to carbamylated
vimentin (anti-CarbV) and to vimentin modified by citrullination (anti-MCV) with response to treatment and
structural damage progression in the phase Il study RA-BEGIN.

Methods: Data from patients in the modified intent-to-treat population of RA-BEGIN were included for analysis;
these patients received methotrexate (MTX), baricitinib 4 mg once daily, or baricitinib plus MTX during the 52-week
study period. Endpoints analyzed were clinical response to treatment, assessed using change from baseline (CFB) in
Simplified Disease Activity Index (SDAI) and Disease Activity Score for 28-joint count with serum high-sensitivity C-
reactive protein (DAS28-hsCRP), and structural damage progression, assessed using CFB greater than the smallest
detectable change in the van der Heijde-modified Total Sharp Score. The anti-CarbV and anti-MCV isotypes assessed
were immunoglobulin (Ig) A, IgG, and IgM. Multivariable mixed-effect models for repeated measures (MMRMs) were
used for the longitudinal analysis of treatment response, and multivariable logistic regression models were used for
the analysis of structural damage progression at week 52.
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radiographic progression was observed.

patients with RA.

Results: Analysis of the association between autoantibodies and treatment response showed that high titers of
anti-CarbV (IgA and IgG) were associated with a greater clinical response as measured by SDAI and DAS28-hsCRP.
Anti-CarbV IgA and IgG, but not IgM, demonstrated an association after adjustment for other factors included in the
MMRMs. High titers of anti-CarbV IgM were associated with a poor response to MTX monotherapy, whereas a
nonsignificant trend toward a better response to baricitinib and baricitinib plus MTX was observed. There was no
association between anti-MCV antibodies and treatment response. High titers of anti-CarbV IgA were associated
with a greater probability of radiographic progression, but no association between anti-MCV antibodies and

Conclusions: High titers of anti-CarbV IgA and IgG isotypes, but not anti-MCV isotypes, may be useful prognostic
biomarkers for identifying the likelihood of the response to treatment and structural damage progression in

Keywords: Rheumatoid arthritis, Baricitinib, Autoantibodies, Anti-CarbV

Introduction
The Janus kinase/signal transducer and activator of tran-
scription (JAK/STAT) pathway is known to be involved in
the pathogenesis of the chronic inflammatory disease
rheumatoid arthritis (RA) [1, 2]. Many proinflammatory
cytokines signal through JAKs [2]; thus, JAK inhibitors
represent an effective treatment option in patients with
RA. There are four members of the JAK family: JAKI,
JAK2, JAKS3, and tyrosine kinase 2 (Tyk2) [1]; baricitinib is
an oral selective inhibitor of JAK1 and JAK2, with less ef-
fect on JAK3 and Tyk2 [3, 4]. The efficacy and safety of
baricitinib were established in four phase III, randomized,
double-blind, multicenter studies in patients with active
RA [5-8]; in these studies, baricitinib demonstrated good
clinical efficacy and clear inhibition of radiographic pro-
gression and was superior to methotrexate (MTX) and
adalimumab with respect to treatment response [7, 8].
Baricitinib is currently approved in more than 65 coun-
tries worldwide, and over 100,000 patients with RA have
been treated to date (Eli Lilly & Company, data on file).
Autoantibodies are frequently involved in the pathogen-
esis of RA. The development of autoantibodies has been
linked to a specific genetic background (the so-called
shared epitope), and evidence also suggests they can be in-
duced by environmental factors, such as smoking [9].
Often autoantibodies develop before the onset of RA
symptoms and can serve as diagnostic markers [10, 11].
Patients with RA can generally be stratified into two sub-
groups (seropositive/seronegative) based on autoantibody
prevalence, usually defined by the presence/absence of
rheumatoid factor (RF) and/or anti-citrullinated protein
antibody (ACPA) [12-14]; post-translational modification
of proteins by citrullination has been linked to RA, and
ACPA represents a highly specific marker for this disease
[12, 13]. The targeted antigens of ACPA are modified
autoantigens such as vimentin, alpha-enolase, and fibrino-
gen [12, 13, 15]. It has been reported that seropositive pa-
tients have a higher risk of severe and systemic disease

than seronegative patients [16] and that these antibodies
are also associated with certain comorbidities, such as cor-
onary heart disease [17]. Therefore, treatment recommen-
dations for seropositive patients with RA differ from those
for seronegative patients, promoting earlier and more ag-
gressive treatment [14].

Recently, an autoimmune response against other post-
translational modifications, carbamylation (or homo-
citrullination) and acetylation, has also been described in
RA [18-21]. Of note, carbamylation has also been linked
to environmental factors, such as exposure to cyanate
through smoking, and to comorbidities, such as kidney
dysfunction [19, 20]. However, the diagnostic performance
and clinical relevance of autoantibodies to carbamylated
proteins (anti-CarbP) have not been fully clarified, and
these antibodies are currently not included among the
standard diagnostic markers for RA [14]. However, it is
possible that the clinical characteristics or serological
markers present in patients with RA with an anti-CarbP
response could be used to evaluate the prognosis of these
patients and may help to improve treatment.

The objectives of the present analysis were to assess
the association of an autoantibody response to carbamy-
lated vimentin (anti-CarbV) and to vimentin modified by
citrullination (anti-mutated citrullinated vimentin; anti-
MCV) with response to treatment and structural damage
progression in the phase III study RA-BEGIN.

Methods

RA-BEGIN study design

RA-BEGIN was a phase III, 52-week, double-blind,
three-arm, multicenter study assessing the efficacy and
safety of oral baricitinib 4 mg once daily as monotherapy
or in combination with MTX versus MTX monotherapy
in patients with active RA who had no or limited prior
treatment with conventional synthetic disease-modifying
antirheumatic drugs (DMARDs; a maximum of three
previous doses of MTX) and were naive to biologic
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DMARDs [7]. MTX was initiated at 10 mg/week and
was increased to 20 mg/week by week 8 if well tolerated.
Further details of the RA-BEGIN study design can be
found in the primary publication [7].

Endpoints for current analysis

The endpoints of interest for these analyses were clinical
response to treatment and structural damage progression.
Clinical response to treatment was assessed by the change
from baseline (CFB) at weeks 4, 12, 16, 20, 24, 32, 40, and
52 and was analyzed using the Simplified Disease Activity
Index (SDAI) score [22] and Disease Activity Score for 28-
joint count with serum high-sensitivity C-reactive protein
(DAS28-hsCRP) [23, 24]. Structural damage progression
was defined for this analysis as the binary variable CFB at
week 52 greater than the smallest detectable change
(SDC) in the van der Heijde-modified Total Sharp Score
(mTSS) [25, 26]; the SDC is defined as the minimum
amount of change in a patient’s score that can be assessed
beyond measurement error. SDC was calculated according
to the method of Bruynesteyn et al. [27]. In RA-BEGIN,
the estimated SDC in mTSS at week 52 was 1.4. Add-
itional details on the assessment of radiographs for struc-
tural joint damage in RA-BEGIN are provided in the
methods section of Additional file 1.

Determination of antibody reactivity

Baseline serum samples were analyzed for immunoglobulin
(Ig) G, IgM, and IgA reactivity toward MCV and CarbV
using enzyme-linked immunosorbent assay (ORGENTEC
Diagnostika GmbH, Mainz, Germany) [20, 28]. The detec-
tion range of each assay used to determine antibody con-
centrations was 0.1 to 1000. As values of < 0.1 and > 1000
could not be accurately determined by the assay, they were
given as < 0.1 and > 1000. For analytical purposes, values <
0.1 were set to 0.1 and values > 1000 were set to 1000 for
statistical modeling. Serum samples provided were labeled
with pseudonyms. Thus, measurement of antibody concen-
trations was conducted in a blinded manner.

Analysis population

Data from patients in the modified intent-to-treat
(mITT) population of RA-BEGIN were included for ana-
lysis. Patients without baseline antibody data or baseline
data for any of the covariates used in the corresponding
statistical models for each particular endpoint (SDAI
and DAS28-hsCRP) and patients without both baseline
and post-baseline radiographic data were excluded from
statistical analysis.

Statistical models
Multivariable mixed-effect models for repeated measures
(MMRM) [29] were used for the longitudinal analysis of
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treatment response (SDAI and DAS28-hsCRP). The
MMRM included the following variables as fixed effects:
treatment (MTX, baricitinib 4 mg, baricitinib 4 mg +
MTX), visit (weeks 4, 12, 16, 20, 24, 32, 40, and 52),
baseline antibody of interest (U/mL), baseline SDAI (or
DAS28-hsCRP), baseline ACPA (U/mL), baseline RF (U/
mL), presence of erosions at baseline (yes/no), age
(years), sex, baseline body mass index (BMI; kg/m?), geo-
graphic region (Europe/Japan/Rest of the World/USA
and Canada/Central and South America and Mexico),
and treatment-by-visit interaction. Patient was included
in the MMRM as a random effect, and a compound
symmetry covariance matrix was used to model be-
tween- and within-subject errors. This MMRM defined a
linear association between the baseline antibody of inter-
est and the response variable (SDAI or DAS28-hsCRP).
Additional MMRVY,, including a natural cubic spline with
3 degrees of freedom to allow nonlinear associations be-
tween the baseline antibody serum concentration and the
response variable, were fitted. In addition, MMRM includ-
ing a baseline antibody-by-treatment interaction were fit-
ted to assess whether the association between baseline
antibody and response differed according to treatment re-
ceived at randomization. The MMRM were all nested
models, and likelihood-ratio chi-squared tests (LRT) were
employed to choose the best competing model.

Multivariable logistic regression (MLR) models were used
for the analysis of structural damage progression at week 52.
Following a previous MLR used for the analysis of structural
progression in RA-BEGIN [30, 31], the association between
baseline antibodies and structural progression was estimated
using an MLR that included the following factors: treatment,
baseline antibody of interest (U/mL), baseline ACPA (U/
mL), baseline RF (U/mL), presence of erosions at baseline
(yes/no), baseline Clinical Disease Activity Index (CDAI),
baseline high-sensitivity C-reactive protein (hsCRP; mg/L),
baseline hemoglobin (g/dL), baseline Health Assessment
Questionnaire-Disability Index (HAQ-DI), age (years), sex,
baseline BMI (kg/m?), smoker (yes/no), and geographic re-
gion (Europe/Japan/Rest of the World/USA and Canada/
Central and South America and Mexico). Adjusted odds ra-
tios (ORs) with corresponding 95% confidence intervals and
p values were estimated for all factors included in the MLR
used to assess associations between baseline anti-CarbV or
anti-MCV antibodies and structural progression. As in the
MMRM analyses, LRTs were employed for model selection
purposes and to assess the type of association between base-
line variables and response. Adjusted ORs for baseline anti-
bodies were converted into corresponding adjusted
probabilities of structural progression as a function of base-
line antibody serum concentrations.

In the MMRM analyses, modified last observation car-
ried forward (mLOCF) was used to handle post-baseline
SDAI and DAS28-hsCRP data after the occurrence of
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intercurrent events, defined as events occurring after
randomization and treatment initiation that either pre-
cluded observation of the variable or affected its inter-
pretation (e.g., use of rescue medication, treatment
discontinuation, loss to follow-up, or death). Similarly, in
the MLR analyses, mTSS data at week 52 were imputed
using linear extrapolation. Additional details regarding
the handling of missing data after the occurrence of
intercurrent events can be found in the statistical
methods section of Additional file 1.

The multivariable analyses provided estimates of the rela-
tive contribution of each factor in the model to the re-
sponse variable. Therefore, the estimated associations of
baseline antibodies with clinical response and structural
progression were independent of the effects of other factors
included in the models. Natural cubic splines with 3 de-
grees of freedom were used to model nonlinear associations
between the baseline antibody isotype of interest and the
response variable (see the statistical methods section of
Additional file 1). The estimated coefficients corresponding
to the natural cubic splines did not allow for any meaning-
ful clinical interpretation, and effects plots were therefore
used to visualize the adjusted means of the response vari-
able as a function of the baseline serum concentration of
the different antibodies. Adjusted means for SDAI and
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DAS28-hsCRP responses and adjusted probabilities for
structural progression displayed in the effects plots were es-
timated from the multivariable models, with continuous co-
variates fixed at their mean values and categorical
covariates fixed at their proportional distribution in the
data. A p value <0.05 was considered statistically signifi-
cant. All statistical analyses were performed using R version
3.5.1 [32].

Results
Analysis populations
RA-BEGIN included 584 patients in the mITT popula-
tion (210 receiving MTX, 159 receiving baricitinib 4 mg/
day, and 215 receiving baricitinib 4 mg/day + MTX).
Baseline characteristics of the mITT patients have been
presented in the primary publication [7]. Of the 584
mITT patients, antibodies were measured in only 570
patients at baseline: 203 receiving MTX, 157 receiving
baricitinib 4 mg/day, and 210 receiving baricitinib plus
MTX. Of these 570 patients, 431 (75.6%), 521 (91.4%),
446 (78.3%), 149 (26.1%), 557 (97.7%), and 206 (36.1%)
were positive for anti-CarbV (IgA, IgG, IgM) and anti-
MCYV (IgA, IgG, IgM), respectively.

Additionally, and as a consequence of missing data for
the variables employed in the models used for analysis

Table 1 p values for MMRM analysis modeling the association of anti-CarbV/anti-MCV antibodies with SDAI response

MMRM variable

Anti-CarbV antibody isotypes

Anti-MCV antibody isotypes

IgA I9G IgM IgA I9G IgM
Time <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Treatment <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Baseline antibody (only in MMRM with linear association) NA 0.033 0.981 NA NA NA
Baseline antibody NCS (in MMRM with nonlinear association) 0.002 NA NA 0323 0.503 0.036
Baseline SDAI <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Baseline ACPA 0.702 0.759 0.957 0912 0.863 0.980
Baseline RF 0.120 0.123 0.965 0.109 0.155 0.132
Erosions 0301 0447 0375 0317 0302 0318
Age 0410 0.378 0430 0.365 0.372 0.168
Sex 0.826 0.753 0.870 0.839 0.749 0.656
BMI 0.763 0.881 0.716 0.830 0.860 0.873
Geographic region 0.020 0.045 0.071 0.056 0.053 0.057
Time-by-treatment interaction 0.633 0633 0633 0.633 0633 0633
Baseline antibody-by-treatment interaction NA NA <0.001 NA NA NA

Different nested MMRM were compared employing a chi-squared LRT to select between linear (baseline antibody in the MMRM) or nonlinear associations defined
with a natural cubic spline (baseline antibody using an NCS in the MMRM) and to test baseline antibody-by-treatment interactions. p values < 0.05 were
considered statistically significant. The reported p values obtained from the multivariable model are for the association between the corresponding factor and
overall SDAI response, measured as CFB, while controlling for the influence of all other factors included in the model: SDAI; time (visit: weeks 4, 12, 16, 20, 24, 32,
40, and 52); treatment (MTX, baricitinib 4 mg, baricitinib 4 mg + MTX); baseline antibody, in MMRM with linear association or baseline antibody using NCS, in
MMRM with NCS with 3 degrees of freedom (nonlinear association); ACPA (yes/no); RF (yes/no); erosions: presence of erosions at baseline (yes/no); geographic
region (Central and South America and Mexico; Europe; Japan; Rest of the World, USA and Canada); BMI; baseline antibody-by-treatment interaction, only in

MMRM with (significant) baseline antibody-by-treatment interaction

ACPA anti-citrullinated protein antibody, BMI body mass index, CarbV carbamylated vimentin, CFB change from baseline, Ig immunoglobulin, LRT likelihood-ratio
test, MCV mutated citrullinated vimentin, MMRM mixed model for repeated measures, MTX methotrexate, NA factor not estimated in the MMRM used for that
specific antibody, NCS natural cubic spline, RF rheumatoid factor, SDA/ Simplified Disease Activity Index
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of the different endpoints, a total of 550 patients were
included in the SDAI analysis (MTX: 192; baricitinib:
155; baricitinib + MTX: 203), 556 patients in the
DAS28-hsCRP analysis (MTX: 195; baricitinib: 157; bari-
citinib + MTX: 204), and 526 patients in the structural
damage progression (radiographic) analysis (MTX: 182;
baricitinib: 150; baricitinib + MTX: 194).

Association of baseline anti-CarbV and anti-MCV
antibodies with treatment response

p values for factors included in the different MMRM
used to model the associations of anti-CarbV and anti-
MCV antibodies with overall SDAI response are pre-
sented in Table 1. The adjusted means for overall
SDAI response as a function of baseline anti-CarbV
and  anti-MCV  antibodies  estimated  using
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multivariable MMRM are presented in Fig. la-f.
There was no evidence of baseline antibody-by-
treatment interactions for five of the six antibody iso-
types analyzed, and the adjusted means for the SDAI
response as a function of baseline antibody were simi-
lar for the three treatment arms (i.e., the association
between antibody and SDAI response was not modi-
fied by treatment effect) for these five antibody iso-
types. There was a statistically significant baseline
antibody-by-treatment interaction for anti-CarbV
(IgM) [p < 0.001]. In this case, the adjusted means
for the SDAI response as a function of the baseline
antibody differed for the different treatment arms, as
shown in Fig. 1lc. The adjusted means presented in
Fig. 1 were independent of baseline SDAI and all
other factors included in the MMRMs.
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Fig. 1 Adjusted means for the association between baseline anti-CarbV/anti-MCV antibodies and CFB in SDAI response. a Anti-CarbV (IgA). b Anti-
CarbV (IgG). ¢ Anti-CarbV (IgM). d Anti-MCV (IgA). e Anti-MCV (IgG). f Anti-MCV (IgM). Adjusted ORs for baseline antibodies were converted into
corresponding adjusted probabilities of SDAI as a function of baseline antibody serum concentrations. Adjusted overall SDAI means as a function
of serum baseline antibody concentrations were estimated using multivariable MMRM with continuous covariates fixed at their mean values and
categorical covariates fixed at their proportional distribution in the data. Overall SDAI response was estimated from MMRM, averaging SDAI
responses at all post-baseline visits (weeks 4, 12, 16, 20, 24, 32, 40, and 52). p values < 0.05 were considered statistically significant. a A statistically
significant nonlinear association was found for anti-CarbV (IgA). Patients with higher baseline anti-CarbV (IgA) values were more likely to show an
overall improvement in SDAI response (p = 0.002). b A significant linear association was found for anti-CarbV (IgG) (p =0.033). ¢ A significant
baseline anti-CarbV (IgM)-by-treatment interaction was found (p < 0.001). The association between anti-CarbV (IgM) and SDAI depends on the
treatment received at baseline. Patients randomized to MTX who had higher baseline anti-CarbV (IgM) were more likely to show lower overall
SDAI improvement (p =0.0021). An opposite association was observed for patients randomized to baricitinib; however, neither association was
statistically significant (baricitinib, p = 0.0874; baricitinib + MTX, p =0.0636). d, e No statistically significant association for anti-MCV (IgA) [p = 0.323]
or IgG [p=0.503] was observed. f A statistically significant nonlinear association was found for anti-MCV (IgM) (p = 0.036). BARI, baricitinib; CarbV,
carbamylated vimentin; CFB, change from baseline; Ig, immunoglobulin; MCV, mutated citrullinated vimentin; mLOCF, modified last observation
carried forward; MMRM, mixed model for repeated measures; MTX, methotrexate; ORs, odds ratios; SDAI, Simplified Disease Activity Index
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A statistically significant nonlinear association was
found for baseline anti-CarbV (IgA) and SDAI response.
Regardless of treatment and other factors included in
the MMRM, patients with higher baseline anti-CarbV
(IgA) titers were more likely to show an overall improve-
ment in SDAI (p =0.002) (Fig. 1la). Similarly, a statisti-
cally significant linear association was found for anti-
CarbV (IgG). For the three treatment arms, patients with
higher baseline anti-CarbV (IgG) were more likely to
show an overall improvement in SDAI (p=0.033)
(Fig. 1b). A statistically significant treatment-by-anti-
CarbV (IgM) interaction was found for this antibody
isotype (p < 0.001; Table 1). In this case, the association
between baseline anti-CarbV (IgM) and overall SDAI re-
sponse differed according to the treatment received at
baseline; patients who received MTX at baseline who
had lower baseline anti-CarbV (IgM) were more likely to
show an improvement in SDAI response (p =0.0021)
(Fig. 1c). Conversely, patients randomized to either bari-
citinib or baricitinib plus MTX who had higher anti-
CarbV (IgM) showed an improvement in SDAI, but
none of these associations were statistically significant
for anti-CarbV (IgM) (baricitinib, p = 0.0874; baricitinib
+ MTX, p=0.0636) (Fig. 1c). There was no statistically
significant association for anti-MCV (IgA) (p=0.323;
Fig. 1d) nor for anti-MCV (IgQ) (p = 0.503; Fig. 1e).

Finally, a statistically significant nonlinear association
with SDAI response was found for anti-MCV (IgM). Pa-
tients with higher baseline anti-MCV (IgM) showed a
statistically significant improvement in overall SDAI
(p =0.036) (Fig. 1f). Similar results were obtained for the
association between baseline anti-CarbV or anti-MCV
and DAS28-hsCRP, except in patients with higher base-
line anti-MCV (IgM), who showed an improvement in
overall DAS28-hsCRP that was not statistically signifi-
cant (p =0.117). Further results are provided in Table S1
and Fig. S1 in Additional file 1.

Overall, no statistical associations between anti-MCV
IgA or IgG isotypes and treatment response for SDAI
were found. Results for the association between baseline
anti-MCV and treatment response for the IgM antibody
isotype were inconclusive.

Regardless of the serum concentration of baseline anti-
bodies and other factors included in the MMRM, patients
randomized to either baricitinib plus MTX or baricitinib
alone showed a statistically significantly greater SDAI and
DAS28-hsCRP response at all post-baseline visits. The ad-
justed means for the CFB in SDA], estimated in the MMRM
used for the analysis of anti-CarbV (IgA), for the three treat-
ment arms and at each post-baseline visit are shown in Fig.
S2 in Additional file 1. Despite the significant interaction be-
tween anti-CarbV (IgA) and treatment response (Fig. 1c), the
improvement in SDAI response was consistently higher and
statistically significantly different for baricitinib plus MTX
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and baricitinib compared with that in patients randomized
to MTX. Similar results were obtained for DAS28-hsCRP re-
sponse (see Fig. S1C in Additional file 1).

Fig. S3 in Additional file 1 shows the adjusted overall
SDAI means for the different geographic regions estimated
with the MMRM used for the analysis of anti-CarbV (IgA).
There was a statistically significant difference in overall
SDALI response (averaged over all post-baseline visits) be-
tween the USA and Canada compared with Central and
South America and Mexico (d =4.538, p =0.001) and be-
tween the USA and Canada compared with the Rest of the
World (d =3.218, p = 0.045), with a lower overall improve-
ment in SDAI in the USA and Canada in both cases.

Association of baseline anti-CarbV and anti-MCV
antibodies with structural damage progression

Adjusted ORs for all factors included in the MLR used
to estimate the associations between baseline anti-CarbV
and structural progression are presented in Table 2. Pa-
tients with higher baseline anti-CarbV (IgA) were more
likely to show a larger CFB > SDC (1.4) at week 52 (OR =
1.002), but this association was not statistically signifi-
cant (p =0.051). An OR of 1.002 can be interpreted as a

Table 2 Adjusted ORs from MLR: association between anti-
CarbV (IgA) and structural damage progression

MLR variable OR Lower CI' Upper CI p value
Baricitinib vs. MTX 0534 0.287 0.970 0.043
Baricitinib + MTX vs. MTX 0307 0.159 0574 <0.001
Baseline anti-CarbV (IgA) 1.002  1.000 1.004 0.051
Baseline ACPA 1.000  0.999 1.000 0.185
Baseline RF 1.000 0999 1.001 0.724
Erosions at baseline (yes vs. no) 1516 0.870 2715 0.150
Baseline hemoglobin 0.796 0626 1.009 0.061
Baseline hsCRP 1.017  1.008 1.027 <0.001
Age 1000 0981 1.020 0.969
Sex (male vs. female) 0614 0282 1.288 0.207
Baseline BMI 0948 0897 1.000 0.051
Smoker (yes vs. no) 2.045 1.084 3.825 0.026
Baseline HAQ-DI 0614 0389 0.961 0.034
Baseline CDAI 1022 1.000 1.047 0.062
Europe vs. CSAM 1423 0.590 3.325 0421
Japan vs. CSAM 1132 0482 2653 0.775
Rest of the World vs. CSAM 1.068 0469 2390 0.874
USA and Canada vs. CSAM 0627 0257 1436 0.283

Adjusted ORs from the MLR model with corresponding 95% Cls and p values.
p values < 0.05 were considered statistically significant

ACPA anti-citrullinated protein antibody, BMI body mass index, CarbV
carbamylated vimentin, CDAI Clinical Disease Activity Index, C/ confidence
interval, CSAM Central and South America, HAQ-DI Health Assessment
Questionnaire-Disability Index, hsCRP high-sensitivity C-reactive protein, Ig
immunoglobulin MLR multivariable logistic regression, MTX methotrexate, OR
odds ratio, RF rheumatoid factor



Lépez-Romero et al. Arthritis Research & Therapy (2020) 22:193

0.2% increase in the odds of structural progression when
baseline anti-CarbV (IgA) titers are increased by 1 unit
and other variables used in the MLR analysis remain
fixed (Table 2). The adjusted probability of structural
progression as a function of the values of baseline anti-
CarbV (IgA) serum concentrations is presented in Fig. 2a.
After multivariable adjustment in the MLR analysis of
baseline anti-CarbV (IgA), patients randomized to bari-
citinib plus MTX (OR =0.307; p < 0.001) or to bariciti-
nib (OR=0.534; p=0.043) were less likely to show
structural progression than patients randomized to
MTX (Table 2). Also, patients with higher baseline hsCRP
levels (OR =1.017; p < 0.001), smokers (OR =2.045; p =
0.026), and patients with lower baseline HAQ-DI scores
(OR =0.614; p =0.034) were more likely to show statisti-
cally significant structural progression at week 52. These
factors demonstrated a consistent statistical association
with structural progression in all the MLR analyses used
for the six different antibody isotypes. Additionally, pa-
tients with lower BMI were more likely to show structural
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progression in all MLR analyses except for the analysis of
anti-CarbV (IgA). Patients with higher baseline CDAI
were also more likely to show structural progression in
the multivariable setting, but only in the anti-MCV (IgA)
model (see Tables S2—6 in Additional file 1).

For all antibody isotypes analyzed, no association be-
tween baseline serum concentration and structural pro-
gression was observed (Fig. 2a—f). Additionally, there
was no statistical evidence of any interaction between
these antibodies and treatment (i.e., the associations
were not significant and so did not depend on the treat-
ment received at baseline).

Discussion

JAK inhibitors have become an established treatment
option for patients with RA [14]; however, as with other
RA treatments, not all patients respond to JAK inhibitor
therapy. Since patients can be stratified based on auto-
antibody prevalence, we evaluated the association be-
tween the serum concentration of carbamylated and
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citrullinated vimentin antibodies and response to treat-
ment and structural progression, in a treatment-naive
patient population who received either MTX, baricitinib,
or baricitinib plus MTX in RA-BEGIN [7].

This analysis showed that the association between anti-
bodies and treatment response was different for anti-
CarbV or anti-MCV. There was no association between
ACPA-related anti-MCV antibodies and treatment re-
sponse; however, high titers of anti-CarbV (IgA and IgQG)
were associated with a greater clinical response as mea-
sured by SDAI and DAS28-hsCRP. Interestingly, IgA and
IgG but not IgM anti-CarbV demonstrated an association
after adjustment for other parameters, including baseline
SDAL High titers of anti-CarbV IgM were associated with
a poor response to MTX monotherapy, whereas a nonsig-
nificant trend toward a better response with baricitinib
and baricitinib plus MTX was observed. Other studies
have shown that seropositive patients with RA have a bet-
ter response to treatment modalities than seronegative pa-
tients [33] and that autoantibodies of the IgA subclass are
predictive of a response to rituximab treatment [34]. How-
ever, patients with poor prognostic factors may still show
a good response to treatment, as demonstrated in studies
of patients positive for ACPA who responded to treatment
with rituximab or abatacept [33, 35].

In addition to an association with a better clinical re-
sponse, high titers of anti-CarbV IgA were associated with
a greater probability of radiographic progression, as mea-
sured by change in mTSS from baseline. This finding is in
agreement with those of previous studies showing that
anti-CarbP are an independent risk factor for radiographic
progression [36]. Taken together, these results suggest
that high titers of anti-CarbV IgA are an unfavorable
prognostic factor for radiographic progression. Similar to
the results seen with anti-MCV antibodies and treatment
response, there was no association between anti-MCV
antibodies and radiographic progression.

To the best of our knowledge, no other studies have
looked at the pathophysiological association between
high titers of carbamylated autoantibodies and the re-
sponse to specific treatments; rather, studies to date
have investigated the association between antibodies and
RA disease activity. This lack of similar literature pre-
vents us from comparing and contrasting our results
with those of other studies. It would be interesting to
know whether the same observations can be made for
other JAK inhibitors, such as tofacitinib, and this is a po-
tential research topic for future studies. The association
between high anti-CarbV IgM titers and poor response
to MTX was a new and unexpected observation; if fur-
ther studies confirm this result, anti-CarbV IgM titers
could potentially be used as a prognostic biomarker to
identify which patients with RA might not benefit from
early treatment with MTX.
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A limitation of this analysis is that the numbers of pa-
tients negative for the antibodies of interest in the ana-
lysis population were low, which prevented meaningful
analysis of seropositive versus seronegative patients.

Conclusion

Our results suggest that high titers of anti-CarbV IgA
and IgG antibodies could represent a useful prognostic
biomarker for identifying the likelihood of both the re-
sponse to treatment and the potential for structural
damage progression in patients with RA. Anti-MCV
antibodies were not associated with either endpoint in
this patient population. Further research is needed to
confirm these observations.
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Abbreviations

ACPA: Anti-citrullinated protein antibody; BMI: Body mass index;

CarbP: Carbamylated proteins; CarbV: Carbamylated vimentin; CDAI: Clinical
Disease Activity Index; CFB: Change from baseline; DAS28-hsCRP: Disease
Activity Score for 28-joint count with serum high-sensitivity C-reactive pro-
tein; DMARD: Disease-modifying antirheumatic drug; HAQ-DI: Health
Assessment Questionnaire-Disability Index; hsCRP: High-sensitivity C-reactive
protein; Ig: Immunoglobulin; JAK: Janus kinase; LRT: Likelihood-ratio chi-
squared tests; MCV: Mutated citrullinated vimentin; mITT: Modified intent to
treat; mLOCF: Modified last observation carried forward; MLR: Multivariable
logistic regression; MMRM: Mixed-effect models for repeated measures;
mTSS: Modified Total Sharp Score; MTX: Methotrexate; OR: Odds ratio;

RA: Rheumatoid arthritis; RF: Rheumatoid factor; SDAI: Simplified Disease
Activity Index; SDC: Smallest detectable change; STAT: Signal transducer and
activator of transcription; Tyk2: Tyrosine kinase 2

Acknowledgements

The authors would like to acknowledge Liliana Zaremba-Pechmann, PhD,
and Matthew Tyler for their assistance with statistical validation of the results.
They would also like to acknowledge Sheridan Henness, PhD, and Sue Cham-
bers, PhD (Rx Communications, Mold, UK), for medical writing assistance with
the preparation of this manuscript, funded by Eli Lilly and Company.

Authors’ contributions

PLR has made substantial contributions to the design of the work, the
analysis of data, the interpretation of data, the drafting of the manuscript,
and critical revision of the manuscript. LMG has made substantial
contributions to the acquisition of data and critical revision of the
manuscript. HB has made substantial contributions to the conception of the
work, the design of the work, the analysis of data, the interpretation of data,
the drafting of the manuscript, and critical revision of the manuscript. IT has
made substantial contributions to the conception of the work, the design of
the work, the interpretation of data, and critical revision of the manuscript.
TH has made substantial contributions to the interpretation of data and
critical revision of the manuscript. EF has made substantial contributions to
the conception of the work, the design of the work, the acquisition of data,
the interpretation of data, the drafting of the manuscript, and critical revision
of the manuscript. PLR, LMG, HB, IT, TH, and EF give final approval of the
manuscript to be submitted and has participated sufficiently in the work to
agree to be accountable for all aspects of the work in ensuring that


https://doi.org/10.1186/s13075-020-02284-y
https://doi.org/10.1186/s13075-020-02284-y

Lépez-Romero et al. Arthritis Research & Therapy (2020) 22:193

questions related to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Funding
This analysis and medical writing assistance with the manuscript were
funded by Eli Lilly and Company.

Availability of data and materials
All data generated or analyzed during this study are included in this
published article and its additional file.

Ethics approval and consent to participate

This study was a post-hoc analysis of existing data from RA-BEGIN. The RA-
BEGIN study was approved by each participating center’s institutional review
board or ethics committee. All patients provided written informed consent.

Consent for publication
Not applicable.

Competing interests

PLR, IT, and TH are all employees and shareholders of Eli Lilly and Company
Ltd. LMG has declared no conflicts of interest. HB has received grant funding
from FP7 HEALTH programme (Euro TEAM). EF has received advisory board
and speaker fees from Novartis, Roche, Sobi, Lilly, Pfizer, Abbvie, BMS, MSD,
and Sanofi.

Author details

'Eli Lilly & Company, Lilly Corporate Center, Indianapolis, IN, USA. %l Lilly &
Company, Avenida de la Industria, 30, 28108 Alcobendas, Madrid, Spain.
*Department of Rheumatology and Clinical Immunology, Charité —
Universitatsmedizin, Charitéplatz, 10117 Berlin, Germany. 4ORGENTEC
Diagnostika GmbH, Carl-Zeiss-StraBe 49, 55129 Mainz, Germany. *Helios
Department of Rheumatology, Sophie-v.-Boetticher-Strale 1, 39245
Gommern, Germany.

Received: 13 March 2020 Accepted: 2 August 2020
Published online: 18 August 2020

References

1. Cheung TT, Mclnnes IB. Future therapeutic targets in rheumatoid arthritis?
Semin Immunopathol. 2017,39:487-500.

2. Schwartz DM, Kanno Y, Villarino A, et al. JAK inhibition as a therapeutic strategy
for immune and inflammatory diseases. Nat Rev Drug Discov. 2017;16:843-62.

3. Fridman JS, Scherle PA, Collins R, et al. Selective inhibition of JAKT and JAK2
is efficacious in rodent models of arthritis: preclinical characterization of
INCB028050. J Immunol. 2010;184:5298-307.

4. European Medicines Agency. European Public Assessment Report. Olumiant.
London: European Medicines Agency; 2016.

5. Genovese MC, Kremer J, Zamani O, et al. Baricitinib in patients with
refractory rheumatoid arthritis. N Engl J Med. 2016;374:1243-52.

6. Dougados M, van der Heijde D, Chen YC, et al. Baricitinib in patients with
inadequate response or intolerance to conventional synthetic DMARDs:
results from the RA-BUILD study. Ann Rheum Dis. 2017,76:88-95.

7. Fleischmann R, Schiff M, van der Heijde D, et al. Baricitinib, methotrexate, or
combination in patients with rheumatoid arthritis and no or limited prior disease-
modifying antirheumatic drug treatment. Arthritis Rheumatol. 2017,69:506-17.

8. Taylor PC, Keystone EC, van der Heijde D, et al. Baricitinib versus placebo or
adalimumab in rheumatoid arthritis. N Engl J Med. 2017;376:652-62.

9. Deane KD, Demoruelle MK, Kelmenson LB, et al. Genetic and environmental risk
factors for rheumatoid arthritis. Best Pract Res Clin Rheumatol. 2017:31:3-18.

10.  Rantapaa-Dahlqvist S, de Jong BA, Berglin E, et al. Antibodies against cyclic
citrullinated peptide and IgA rheumatoid factor predict the development of
rheumatoid arthritis. Arthritis Rheum. 2003;48:2741-9.

11. Nielen MM, van Schaardenburg D, Reesink HW, et al. Specific
autoantibodies precede the symptoms of rheumatoid arthritis: a study of
serial measurements in blood donors. Arthritis Rheum. 2004;50:380-6.

12. Pruijn GJ. Citrullination and carbamylation in the pathophysiology of
rheumatoid arthritis. Front Immunol. 2015;6:192.

13. Nakken B, Papp G, Bosnes V, et al. Biomarkers for rheumatoid arthritis: from
molecular processes to diagnostic applications-current concepts and future
perspectives. Immunol Lett. 2017;189:13-8.

Page 9 of 9

14. Smolen JS, Landewe R, Bijlsma J, et al. EULAR recommendations for the
management of rheumatoid arthritis with synthetic and biological disease-
modifying antirheumatic drugs: 2016 update. Ann Rheum Dis. 2017;76:960-77.

15. Alunno A, Bistoni O, Pratesi F, et al. Association between anti-citrullinated
alpha enolase antibodies and clinical features in a cohort of patients with
rheumatoid arthritis: a pilot study. Reumatismo. 2018;70:67-71.

16. Turesson C, Jacobsson LT, Sturfelt G, et al. Rheumatoid factor and antibodies to
cyclic citrullinated peptides are associated with severe extra-articular
manifestations in rheumatoid arthritis. Ann Rheum Dis. 2007;66:59-64.

17.  Lopez-Longo FJ, Oliver-Minarro D, de la Torre |, et al. Association between
anti-cyclic citrullinated peptide antibodies and ischemic heart disease in
patients with rheumatoid arthritis. Arthritis Rheum. 2009,61:419-24.

18, Juarez M, Bang H, Hammar F, et al. Identification of novel antiacetylated vimentin
antibodies in patients with eary inflammatory arthritis. Ann Rheum Dis. 2016,75:1099-107.

19. Verheul MK, van Erp SJ, van der Woude D, et al. Anti-carbamylated protein
antibodies: a specific hallmark for rheumatoid arthritis. Comparison to
conditions known for enhanced carbamylation; renal failure, smoking and
chronic inflammation. Ann Rheum Dis. 2016;75:1575-6.

20. Ospelt C, Bang H, Feist E, et al. Carbamylation of vimentin is inducible by
smoking and represents an independent autoantigen in rheumatoid
arthritis. Ann Rheum Dis. 2017;76:1176-83.

21, Trouw LA, Rispens T, Toes REM. Beyond citrullination: other post-translational
protein modifications in rheumatoid arthritis. Nat Rev Rheumatol. 2017;13:331-9.

22, Aletaha D, Smolen J. The Simplified Disease Activity Index (SDAI) and the
Clinical Disease Activity Index (CDAI): a review of their usefulness and
validity in rheumatoid arthritis. Clin Exp Rheumatol. 2005;23:5100-8.

23, Prevoo ML, van 't Hof MA, Kuper HH, et al. Modified disease activity scores that include
twenty-eightjoint counts. Development and validation in a prospective longitudinal
study of patients with rheumatoid arthritis. Arthritis Rheum. 199538:44-8.

24.  DAS 28. Disease Activity Score website. (2019) http://www.das-score.nl/das2
8/. Accessed 10 Feb 2020.

25. van der Heijde D. How to read radiographs according to the Sharp/van der
Heijde method. J Rheumatol. 1999;26:743-5.

26. van der Heijde D, Boers M, Lassere M. Methodological issues in radiographic
scoring methods in rheumatoid arthritis. J Rheumatol. 1999,26:726-30.

27. Bruynesteyn K, Boers M, Kostense P, van der Linden S, van der Heijde D.
Deciding on progression of joint damage in paired films of individual patients:
smallest detectable difference or change. Ann Rheum Dis. 2005;64:179-82.

28. Martinez G, Gomez JA, Bang H, et al. Carbamylated vimentin represents a
relevant autoantigen in Latin American (Cuban) rheumatoid arthritis
patients. Rheumatol Int. 2016;36:781-91.

29. Laird NM, Ware JH. Random-effects models for longitudinal data. Biometrics.
1982,38:963-74.

30. van der Heijde D, Durez P, Schett G, et al. Structural damage progression in
patients with early rheumatoid arthritis treated with methotrexate,
baricitinib, or baricitinib plus methotrexate based on clinical response in the
phase 3 RA-BEGIN study. Clin Rheumatol. 2018;37:2381-90.

31. Moeller B, Durez P, Finckh A, et al. SAT0102 Association between baseline
haemoglobin levels and radiographic joint damage progression in patients
with rheumatoid arthritis treated with baricitinib or standard of care. Ann
Rheum Dis. 2019;78(Suppl 2):1117.

32. RCore Team. R: A language and environment for statistical computing. R Foundation
for Statistical Computing. 2018. https/Avww.R-projectorg/. Accessed 10 Feb 2020.

33, Sokolove J, Schiff M, Fleischmann R, et al. Impact of baseline anti-cyclic
citrullinated peptide-2 antibody concentration on efficacy outcomes
following treatment with subcutaneous abatacept or adalimumab: 2-year
results from the AMPLE trial. Ann Rheum Dis. 2016;75:709-14.

34. Lindenberg L, Spengler L, Bang H, et al. Restrictive IgG antibody response
against mutated citrullinated vimentin predicts response to rituximab in
patients with rheumatoid arthritis. Arthritis Res Ther. 2015;17:206.

35. Ferraccioli G, Tolusso B, Bobbio-Pallavicini F, et al. Biomarkers of good EULAR
response to the B cell depletion therapy in all seropositive rheumatoid arthritis
patients: clues for the pathogenesis. PLoS One. 2012;7:¢40362.

36. Ajeganova S, van Steenbergen HW, Verheul MK, et al. The association between
anti-carbamylated protein (anti-CarP) antibodies and radiographic progression
in early rheumatoid arthritis: a study exploring replication and the added value
to ACPA and rheumatoid factor. Ann Rheum Dis. 2017,76:112-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


http://www.das-score.nl/das28/
http://www.das-score.nl/das28/
https://www.r-project.org/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	RA-BEGIN study design
	Endpoints for current analysis
	Determination of antibody reactivity
	Analysis population
	Statistical models

	Results
	Analysis populations
	Association of baseline anti-CarbV and anti-MCV antibodies with treatment response
	Association of baseline anti-CarbV and anti-MCV antibodies with structural damage progression

	Discussion
	Conclusion
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

