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Abstract
Objectives Rheumatoid arthritis (RA) is a debilitating disease, but patient management and treatment have been revolutionized
since the advent of bDMARDs. However, about one third of RA patients do not respond to specific bDMARD treatment without
clear identified reasons. Different bDMARDs must be tried until the right drug is found. Here, we sought to identify a predictive
protein signature to stratify patient responsiveness to rituximab (RTX) among patients with an insufficient response to a first antiTNFα treatment.
Methods Serum samples were collected at baseline before RTX initiation. A proteomics study comparing responders and
nonresponders was conducted to identify and select potential predictive biomarkers whose concentration was measured by
quantitative assays. Logistic regression was performed to determine the best biomarker combination to predict good or nonresponse to RTX (EULAR criteria after 6 months’ treatment).
Results Eleven biomarkers potentially discriminating between responders and nonresponders were selected following discovery
proteomics. Quantitative immunoassays and univariate statistical analysis showed that fetuin-A and thyroxine binding globulin
(TBG) presented a good capacity to discriminate between patient groups. A logistic regression analysis revealed that the
combination of fetuin-A plus TBG could accurately predict a patient’s responsiveness to RTX with an AUC of 0.86, sensitivity
of 80%, and a specificity of 79%.
Conclusion In RA patients for whom a first anti-TNFα treatment has failed, the serum abundance of fetuin-A and TBG before
initiating RTX treatment is an indicator for their response status at 6 months. ClinicalTrials.gov identifier: NCT01000441.
Key Points
• Proteomic analysis revealed 11 putative predictive biomarkers to discriminate rituximab responder vs. nonresponder RA patients.
• Fetuin-A and TBG are significantly differentially expressed at baseline in rituximab responder vs. nonresponder RA patients.
• Algorithm combining fetuin-A and TBG accurately predicts response to rituximab in RA patients with insufficient response to TNFi.
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Introduction
Rheumatoid arthritis (RA) is a common chronic inflammatory
disease characterized by joint inflammation leading to joint
destruction and functional disability [1]. Biologic diseasemodifying anti-rheumatic drugs (bDMARD) such as tumor
necrosis factor-alpha inhibitors (TNFi) have completely
changed the outcome and prognosis for patients with RA.
However, for unknown reasons, around 30–50% of patients
fail to respond to bDMARDs [2]. For patients presenting an
inadequate response to TNFi treatment, the recommended
treatment strategy is to switch to another biologic. However,
selection of a new therapeutic option is not well-defined when
managing first-line bDMARD failure. Indeed, in addition to
TNFi (infliximab, etanercept, adalimumab, golimumab, and
certolizumab pegol), rheumatologists now have access to a
broad range of bDMARDs targeting different immune cell
types or molecular mechanisms involved in immunology—
such as CD20+ B cells (rituximab), activation of T cells
(abatacept), IL6 receptors (tocilizumab and sarilumab)—and
to targeted synthetic disease-modifying anti-rheumatic drugs
(tsDMARD) directed against Janus kinases (tofacitinib and
baricitinib). These new molecules are reported to be as effective as TNFi [3]. Whether the best approach is to select an
alternative TNFi (rotating) or to opt for a biologic targeting a
different molecular mechanism (changing) remains controversial [4], but recent evidence supports the efficacy of the latter
approach, albeit without providing clear evidence on which
individual mechanism of action to favor [5]. Identifying the
right bDMARD for each patient is critical given that, for patients who have already been exposed to TNFi, the likelihood
of a response to subsequent treatment with biologics declines
as the number of previous TNFi treatments increases [6]. The
reason why some patients respond to TNFi and others respond
better to non-TNFi biotherapy remains elusive. In the absence
of well-defined international recommendations, the available
data favor a personalized approach, tailoring treatment to each
individual patient. In a previous study, we identified predictive
biomarkers of response to abatacept for RA patients not
responding to a first TNFi treatment (TNF-IR) [7].
In this study, we aimed at extending our approach and
focus our work on characterizing relevant blood biomarkers,
which, when integrated into a multivariate model, could predict response to rituximab (RTX) as a second-line bDMARD
treatment. To do so, patient samples, who have failed to respond to a first TNFi, were explored using discovery proteomics to reveal proteins that are differentially expressed between responders (R) and nonresponders (NR), as determined
based on EULAR criteria at 6 months. This strategy identified

a pool of candidate biomarkers that were then submitted to
in vitro diagnostic (IVD) validated assay for validation.
Finally, those results were combined in a multivariate analysis
to generate a predictive model. This study paves the way for
the generation of a predictive test to stratify patients for whom
treatment with a first TNFi has failed.

Methods
Patient samples and study design
Patients from the “Rotation or change of biotherapy after first
Anti-TNF treatment failure for rheumatoid arthritis”
(ClinicalTrials.gov identifier: NCT01000441, [5]) cohort
were selected according to these criteria: (i) RA patient with
insufficient response to TNFi, (ii) DAS28 at baseline and
6 months, (iii) blood samples collected at baseline, and (iv)
patients were treated with RTX. Two patient populations were
studied. A first “discovery” population that included 10 patients was dedicated to the discovery of new protein biomarkers associated to drug responsiveness. A second “validation” population consisting of 25 patients was devoted for the
validation of the identified biomarkers to discriminate responders from nonresponders to RTX.

Assessing clinical response
Demographic parameters and disease activity were recorded
at baseline and 6 months after RTX initiation. Response to
RTX treatment was assessed based on the EULAR criteria,
with the 28-joint disease activity score (DAS28-ESR and
DAS-CRP) [8, 9]. In this study, patients were considered as
R if they showed a good EULAR response, and as NR if they
showed a moderate response or lack of response. According to
those criteria, there were 5 NR and 5 R in the discovery population and 20 NR and 5 R in the validation population.
Intolerance status was not taken into account in our R/NR
classification. Remission was defined as DAS28 < 2.6 and
low disease activity (LDA) as DAS28 < 3.2 at 6 months.

Serum sample preparation for proteomic analyses
Crude and depleted serum samples from 5 R and 5 NR patients were used in the discovery proteomics analyses. Serum
depletion was performed using the human Multiple Affinity
Removal System (MARS) spin cartridge (Agilent
Technologies). Crude and depleted sera were then prepared
according to the Multiple Enzyme Digestion-Filter Aided
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Sample Preparation protocol using a 3000-Da cutoff ultrafiltration device (Merck Millipore) as described [10].

Mass spectrometry-based quantitative proteomic
analyses
Peptides were analyzed by online nano-liquid chromatography coupled to tandem mass spectrometry (UltiMate 3000
RSLCnano coupled to QExactive HF Quadripole-Orbitrap,
Thermo Scientific) using a 120-min gradient. To do so, peptides were sampled on a 300-μm × 5-mm PepMap C18
precolumn and separated on a 75-μm × 250-mm C18 column
(Reprosil-Pur 120 C18-AQ 1.9 μm, Dr. A. Maisch, HPLCGmbH). Mass spectrometry (MS) and MS/MS data were acquired using Xcalibur.
Peptides and proteins were identified and quantified using
MaxQuant (version 1.5.8.3) [11] through concomitant
searches against the UniProt database (Ref Proteome human
Homo sapiens taxonomy, January 2018 version) and the frequently observed contaminant database included in
MaxQuant. Trypsin was chosen as the enzyme and two
missed cleavages were allowed. Peptide modifications
allowed during the search were as follows: carbamidomethylation (C, fixed), acetyl (Protein N-ter, variable), and oxidation
(M, variable). Minimum peptide length was set to seven amino acids. Minimum number of peptides, razor + unique peptides, and unique peptides were all set to 1. Maximum false
discovery rates—calculated by applying a reverse database
strategy—were set to 0.01 at peptide and protein levels.
Intensities of proteins were calculated from MS intensities of
unique and razor peptides and used for statistical analyses
using ProStaR [12].

Assessment of blood biomarkers
Baseline serum levels of thyroxin binding globulin (TBG)
(Monobind Inc., 3525-300), fetuin-A (FetA) (Biovendor,
RD191037100), and S100A8/A9 (ImmunoDiagnostik,
K6939) were evaluated using commercial ELISA kits according to the manufacturers’ instructions. Levels of C4-binding
protein alpha chain (C4BPA) were quantified using an inhouse sandwich ELISA targeting the complex C4BP as described in [7]. Baseline levels of lipoprotein(a) (Lp(a)), haptoglobin (Hp), serum amyloid A (SAA), and C1q were evaluated by nephelometry on a BNII system (Siemens
Healthcare).

Statistics
Statistical analyses of quantitative LC-MS/MS proteomics data were performed using ProStaR [12]. Proteins identified in
the reverse database, common contaminants, and proteins for
which fewer than five intensity values were available in R or

NR samples were discarded from the list. After log2 transformation, intensity values were normalized by median centering
before imputing missing values (replacing missing values by
the 2.5 percentile value for each column); statistical testing
was conducted using a limma t test. Differentially expressed
proteins were selected by applying a log2 (fold-change) cutoff
of 0.5 and a p value cutoff of 0.05. For the validation study,
baseline biomarker levels and demographic characteristics
were compared using Fisher’s exact tests and Wilcoxon–
Mann–Whitney nonparametric tests. Associations between
baseline biomarker levels and clinical response at 6 months
were tested using univariate and multivariate logistic regression models after log transformation of biomarker values
when necessary as described [7].

Results
Studied population
Among patients with RA with an insufficient response to a
first TNF inhibitor included in the ROC study, 41 patients
were treated with RTX. Thirty-eight baseline samples were
available to carry out the study. Of these 38 samples, three
patients had no DAS28 data at 6 months and are therefore
excluded from our study. Demographic, clinical, and biological data are given at the time of treatment initiation (Table 1).
The R and NR groups were not statistically different in terms
of clinical and biological characteristics before the start of
treatment apart from CRP, DAS28-ESR, and DAS28-CRP
which are higher in the nonresponder group.

Discovery population: identification of differentially
abundant serum proteins by mass spectrometry
To maximize our capacity to discover accessible proteins
displaying differential abundance between R and NR patients,
we compared serum samples from “extreme” R and NR patients who displayed high EULAR response and no response,
respectively. Demographic, clinical, and biological data for
cohort referred to as “Discovery” are given at the time of
treatment initiation (Table 1). The R and NR groups were
not statistically different in terms of clinical and biological
characteristics before starting the treatment, including
DAS28-CRP and DAS28-ESR. Only CRP was found significantly higher in NR patients compared to R patients, but it
had no consequences on the disease score activity since
DAS28-CRP was not statistically different between the R
and NR groups.
Biomarker discovery was achieved through MS-based label-free quantitative analysis. To maximize analysis depth and
serum proteome coverage, two types of sample preparation
protocols were applied: (i) protein digestion from crude
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Table 1

Baseline demographics and clinical assessments for the studied populations
Discovery + validation population

Discovery population

Responders
N = 10
Median
[Q1; Q3]

Nonresponders
N = 25
Median
[Q1; Q3]

p value
(Wilcoxon
or Fisher
test)

Responders
N=5
Median
[Q1; Q3]

Nonresponders
N=5
Median
[Q1; Q3]

p value
(Wilcoxon
or Fisher
test)

Responders
N=5
Median
[Q1; Q3]

Nonresponders
N = 20
Median
[Q1; Q3]

p value
(Wilcoxon
or Fisher
test)

Age, years
BMI, kg/m2
ESR, mm/h
CRP, mg/L

63 [49; 67]
27 [23; 32]
16 [7.2; 27]
2.7 [1.3; 4]

57 [46; 71]
23 [20; 24]
28 [16; 63]
6.5 [3.8; 19]

0.9
0.054
0.096
0.018*

72 [58; 75]
22 [22; 23]
29 [28; 66]
15 [5; 20]

0.55
0.095
0.056
0.016*

62 [50; 63]
26 [21; 26]
19 [6; 29]
4 [1; 5.9]

56 [46; 68]
23 [20; 25]
21 [14; 63]
6.5 [2.8; 19]

0.92
0.45
0.36
0.16

DAS28-ESR,
units
DAS28-CRP,
units
Disease
duration,
years
Female, %
Rheumatoid
factor
positive, %
Anti-CCP
positive, (%)
Res V0 IgG
Methotrexate,
%
Leflunomide,
%

4.4 [4; 4.6] 5.2 [4.4; 6.6]

0.042*

65 [49; 68]
29 [27; 32]
12 [8; 22]
2.5 [2.2;
2.8]
4.6 [4; 5]

5.2 [5; 5.6]

0.22

5.3 [4.3; 6.6]

0.11

3.9 [3.6;
4.3]
9.5 [3; 18]

4.6 [4.1; 5.3]

0.042*

4.6 [4.4; 4.8]

0.22

4.6 [4.1; 5.3]

0.11

9.5 [4; 18]

1

3.9 [3.6;
4.3]
11 [8; 16]

8 [7; 14]

0.60

4.3 [4.2;
4.5]
3.8 [3.6;
4.3]
2 [2; 18]

9.5 [4; 18]

0.47

90
90

83.3
87

1
1

100
80

100
80

1
1

80
100

80
84

1
1

90

83

1

80

40

0.52

100

90

1

11 [11; 13] 11 [9.2; 15]
60
62.5

0.89
1

12 [11; 13] 6.7 [5.2; 11]
40
60

0.15
1

11 [9.8; 12] 12 [10; 15]
80
60

0.58
0.62

0

0.54

0

0.44

0

1

12.5

40

Validation population

10

Data are expressed as median (interquartile range) unless otherwise stated. The threshold for significance * was set at p < 0.05
BMI, body mass index; DAS28, Disease Activity Score 28; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; Anti-CCP, anti-cyclic
citrullinated peptide

(nondepleted) serum and (ii) protein digestion after serum
depletion of the most abundant proteins, to improve the detection of low-abundant proteins. Stringent computing and statistical analysis of the data generated allowed quantification of
206 different proteins from nondepleted and 295 proteins
from depleted sera. Among these proteins, several were statistically found to be differentially abundant between R and NR
patients (Fig. 1. Indeed, starting from crude serum, 7 proteins
were found to be enriched in samples from R patients, whereas
6 proteins were more abundant in samples from NR patients.
Using depleted samples, 43 proteins were identified as
enriched in sera from R patients and 15 were more abundant
in sera from NR patients. A list of 11 putative predictive biomarkers was selected for further analyses: fetuin-A, Lp(a),
TBG, S100A8 and S100A9, C4BPA and C4BPB, haptoglobin (Hp), C1qA and C1qB, and serum amyloid A1 (SAA1)
(Supplementary Table 1).
Following MS-based proteomics, we aimed at verifying the
putative biomarkers in the same cohort using reliable quantitative immunoassays validated for IVD purpose. For C1qA
and C1qB which share very similar expression pattern

(Supplementary Table 1), we decided to measure the complex
C1q (composed of A-, B-, and C-chains) which has an IVD
assay kit. A similar strategy was employed for C4BPA and
C4BPB for which we measured the C4BP complex and as
well for S100A8 and S100A9 which were evaluated with an
ELISA kit detecting the S100A8/A9 complex. Consistent
with the proteomics data, quantitative immunoassays showed
that FetA and TBG were more abundant in the R group,
whereas S100A8/A9, Hp, and SAAwere expressed at a higher
level in the NR group. Only the expression pattern of C1q was
not confirmed (Supplementary Fig. 1).

Validation population: confirmation of the relevance
of biomarkers identified by proteomics
to discriminate between R and NR populations
at 6 months by quantitative assays
To validate the proteomic results, we used a second cohort of
25 RA patients in which 5 patients were classified as R and 20
as NR after 6 months of rituximab treatment. The demographic, clinical, and biological data did not differ globally between
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Fig. 1 Identification of differentially abundant proteins in sera from
responder (R) and nonresponder (NR) patients. The volcano plots represent the −log10(p value) plotted against the log2(fold-change R/NR) for
proteins identified and quantified by mass spectrometry from undepleted
(left panel) or depleted (right panel) sera. Proteins identified as enriched
(log2(fold-change) > 0.5 and p value < 0.05) in R and NR patients are

shown in white circles. Arrowheads indicate the selected proteins for
verification. FetA, fetuin-A; Lp(a), lipoprotein(a); TBG, thyroxin binding
globulin; S100A8 and S100A9; C4BPA, C4-binding protein alpha;
C4BPB, C4-binding protein beta; Hp, haptoglobin; C1qA, complement
C1q subcomponent subunit A; C1qB, complement C1q subcomponent
subunit B; SAA1, serum amyloid A1

validation and discovery cohorts except for the percentage of
ACPA-positive patient (Table 2). However, this ACPA percentage was not significantly correlated with the EULAR R
and NR status of the patients in the validation cohort as for the
other studied parameters (Table 1). In this population, neither
CRP nor DAS28 was significantly different between R and
NR suggesting that the difference in CRP expression was
mainly due to patients that were on the extreme opposite side

of the EULAR response status but it could not differentiate
moderate responders or nonresponders.
Serum concentrations of the selected biomarkers were then
determined in the entire validation cohort (n = 25 patients). As
observed for the discovery cohort, the pattern of protein expression was kept with a lower concentration of Hp, S100A8/
A9, Lp(a), C4BP, and SAA and a higher expression of FetA
and TBG in the R patient group (Fig. 2. As illustrated in Fig. 2,

Table 2 Comparison of the
baseline demographics and
clinical parameters between the
discovery and validation
populations

Discovery cohort

Validation cohort

N = 10

N = 25

Median [Q1; Q3]

Median [Q1; Q3]

p value (Wilcoxon
or Fisher test)

Age, years

66 [51; 73]

56 [46; 68]

0.32

BMI, kg/m2
ESR, mm/h
CRP, mg/L
DAS28-ESR, units
DAS28-CRP, units
Disease duration, years
Female, %
Rheumatoid factor positive, %
Anti-CCP positive, (%)
Res V0 IgG, g/L
Methotrexate, %
Leflunomide, %

23 [22; 28]
28 [14; 37]
4 [2.6; 12]
5 [4.5; 5.3]
4.3 [3.8; 4.7]
9.5 [7.2; 16]
100
80
60
11 [7.7; 13]
50
20

23 [20; 26]
20 [13; 56]
5 [2.3; 12]
4.8 [4.2; 6]
4.5 [3.8; 5.2]
9 [3; 18]
80
87.5
92
11 [9.8; 14]
64
8

0.29
0.8
0.78
0.87
0.76
0.50
0.29
0.62
0.043*
0.56
0.47
0.56

Data are expressed as median (interquartile range) unless otherwise stated. The threshold for significance * was set
at p < 0.05
BMI, body mass index; DAS28, Disease Activity Score 28; ESR, erythrocyte sedimentation rate; CRP, C-reactive
protein; Anti-CCP, anti-cyclic citrullinated peptide
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Fig. 2 Baseline biomarker concentrations for the combined cohorts
classed as patients for whom a good (R) or poor (NR) EULAR response
was measured after 6 months’ RTX treatment. A Mann–Whitney nonparametric test was used to assess the significance of differences of

biomarkers. The threshold for significance * was set at p < 0.05. FetA,
fetuin-A; Lp(a), lipoprotein(a); TBG, thyroxin binding globulin; C4BP,
C4-binding protein; Hp, haptoglobin; C1q, complement C1q; SAA1,
serum amyloid A1

while the concentrations R vs. NR of Hp, S100A8/A9, Lp(a),
C1q, C4BP, and SAA were not statistically different between
the two groups, only FetA (226 and 192 mg/L, p = 0.035) and
TBG (16 and 13 mg/L, p = 0.015) were significantly
overexpressed in responders.

(Table 3). The combination of those two biomarker into a
multivariate regression model improved slightly the
classification of patients in the R and NR groups with an
AUC-ROC of 0.86 (Table 3, Fig. 3, sensitivity of 80% (CI
44–97%), specificity of 79% (CI 58–93%), PPV of 62% (CI
32–86%), NPVof 90% (CI 70–99%), positive likelihood ratio
(LR+) of 3.84 (CI 1.66–8.89), and negative likelihood ratio
(LR−) of 0.25 (CI 0.07–0.89). Although EULAR criteria is
commonly used to evaluate clinical response, international
recommendation mentioned that treatment should be aimed
at reaching remission or LDA in every RA patient [13]. The
combination of FetA and TBG showed also good predictive
properties for both remission and LDA criteria (Table 3).

Investigating the predictive value of validated
biomarkers
The predictive value of the most discriminant proteins identified within the discovery population and validated by absolute
quantification in the validation population, i.e., FetA and
TBG, was tested in univariate logistic regression analysis.
Since discovery and validation cohort were similar in terms
of demographic and clinical characteristics (Table 2), univariate logistic regression analysis was performed on the combined data set from both cohorts in order to gain power for
predictive analyses. FetA and TBG displayed along with an
AUC-ROC value of 0.84 and 0.80, respectively, indicating a
high theragnostic potential. This predictive capacity was associated with high sensitivity, specificity, positive predictive
values (PPV), and negative predictive values (NPV)

Discussion
In the current context of personalized medicine for RA management, the optimization of drug prescription is critical, particularly when failure to respond to several consecutive biologics considerably reduces the chances that the patient will
find the right medication [6]. Consequently, a biologic should
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Table 3

Receiver operating characteristic (ROC) curve analysis of potential theragnostic biomarkers

FetA
TBG
FetA plus TBG
FetA plus TBG
FetA plus TBG

Evaluation criteria

AUC

Sensitivity (95% CI)

Specificity (95% CI)

PPV (95% CI)

NPV (95% CI)

EULAR
EULAR
EULAR
Remission
Low disease activity

0.84
0.80
0.86
0.71
0.78

1 (0.69–1.00)
0.70 (0.35–0.93)
0.80 (0.44–0.97)
0.67 (0.22, 0.96)
0.73 (0.39, 0.94)

0.71 (0.49–0.87)
0.88 (0.68–0.97)
0.79 (0.58–0.93)
0.68 (0.48, 0.84)
0.78 (0.56, 0.93)

0.59 (0.33–0.82)
0.70 (0.35–0.93)
0.62 (0.32–0.86)
0.31 (0.09, 0.61)
0.62 (0.32, 0.86)

1.00 (0.80–1.00)
0.88 (0.68–0.97)
0.90 (0.70–0.99)
0.90 (0.70, 0.99)
0.86 (0.64, 0.97)

The AUCs and associated standard errors and the 95% confidence interval as well as sensitivities, specificities, positive predictive value (PPV), and
negative predictive value (NPV) are reported
FetA, fetuin-A; TBG, thyroxin binding globulin

be only prescribed to patients if it has a maximal chance of
being effective. The challenge is then to provide evidencebased knowledge by identifying biomarkers which predict
response to a drug before it is administered.
To date, few studies have investigated factors predicting
response to RTX using different approaches. At the DNA
level, patients carrying the FCGR2A rs1801274-TT genotype
and FCGR3A rs396991-TT allele treated with rituximab
showed higher EULAR response [14]. Few studies have
highlighted the theragnostic potential of type I interferon pathway showing that the combination of IRF5 rs2004640, SPP1
rs9138, and TNFSF13B rs9514828 was strongly associated
with good/moderate EULAR response to RTX at W24 [15].
A set of IFN type I response genes (LY6E, HERC5, IFI44L,
ISG15, MxA, MxB, EPSTI1, and RSAD2) was associated
with ΔDAS28 and EULAR response outcome [16]. At the
cellular level, RF positivity, normal levels of CD19+ B cells
together with increased CD19+CD27−IgD− B cells have been
suggested to predict response to RTX in RA [17]. Attempts in
using clinical data to find predictive markers revealed that
patients with RA presenting autoantibodies are likely to respond better to RTX [18] and particularly RF positivity [19].
A study also showed that RF positivity associated with

elevated CRP may enhance the benefit of RTX treatment
[20]. In our study, we did not observe a correlation between
FR positivity and EULAR response status. On the other side,
CRP was significantly different between the R and NR population, but this phenomenon seemed to be more pronounced
for “extreme” patients (good responder vs. nonresponders).
The difference in RF and CRP expression between our study
and that of Lal et al. may be explained by the fact that the latter
compares RTX responders vs. placebo patients in RA patients
that were exposed or not to previous bDMARD while our
study compares good EULAR responders vs. moderate and
nonresponders in RA patients who failed to respond to a first
TNFi only. S100A8/A9 is of particular interest since its expression has been described as predictive for RTX [21] as well
as for TNFi [22, 23]. In our study, although S100A8/A9 proteins were identified by MS-based proteomics analysis, their
relevance as prediction biomarkers was not confirmed in the
validation cohort. The capability of S100A8/A9 to predict
bDMARD response has been questioned since in the largest
replication cohort, no theragnostic evidence was observed to
support the use of S100A9 as a clinical biomarker predicting
the response to etanercept, the TNF inhibitor biologic drug
[24, 25]. Furthermore, plenty of assays were available with

Fig. 3 Characteristic of the ROC curve analysis. a ROC curves analysis of each individual biomarker. b Overlay of the ROC curves for the predictive
FetA plus TBG multivariate combined model and the univariate models (FetA and TBG). FetA, fetuin-A; TBG, thyroxin binding globulin
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different performance and status (for research use only, for
IVD or even homemade ELISA), and this heterogeneity and
lack of standardization may have led to misinterpretation [26].
Until now, most studies focused on available clinical data
or already identified protein markers such as for S100A8/A9
[22]. Non-a priori studies based on large-scale approaches
open promising perspectives to discover predictive protein
biomarkers. A previous study from our group using a proteomic approach successfully identified COMP as a reliable predictor for the response to abatacept treatment [7]. So far, such
strategy has never been undertaken for RTX. In this study, we
used MS-based quantitative proteomics to identify several serum proteins (thyroxin binding globulin, fetuin-A, S100A8/
A9, complement C4-binding protein, lipoprotein(a), haptoglobin, serum amyloid A, and complement C1q) that are differentially expressed between R and NR patients at baseline before initiating RTX treatment. Comparison of the concentrations determined for the R and NR groups by quantitative
immunoassays showed a statistically significant difference in
expression levels for FetA and TBG. These two biomarkers
were all determined at a lower concentration in the NR group
compared to the R group. Univariate and multivariate regression analyses revealed a high predictive potential for FetA and
TBG individually. This potential was reinforced when they
were combined with AUC-ROC values of 0.86. Altogether,
our data suggest that patients with a first TNFi failure who
have high serum concentrations of FetA and TBG will be the
most likely to respond to RTX after 6 months.
TBG [27] binds circulating thyroid hormones; it transports
T3 (triiodothyronine) and T4 (thyroxine). Variations in TBG
concentration directly affect the amount of bioavailable thyroid hormone. So far, no study has specifically described the
role of TBG in RA and its predictive potential in response to
bDMARD treatments. However, thyroid dysfunction has been
reported in RA. The frequency of thyroid dysfunction increases in RA patients [28]. A recent study reported that RA
is more prevalent in patients with autoimmune thyroid diseases than the general population [29]. Interestingly, a study
observed that RA patients with thyroid disorders had significantly poorer initial response to RA treatment compared with
patients with isolated RA [30]. Thus, it may be of interest to
investigate further the implication of TBG in the physiopathology of RA.
Fetuin-A, also known as alpha 2-Heremans Schmid glycoprotein (AHSG), is a circulating “carrier” protein secreted by
the liver [31]. Fetuin-A acts as an acute phase protein. While
fetuin-A is a positive acute phase protein during injury, it is
conversely a negative acute phase protein in inflammation
[32]. Fetuin-A expression decreases and its level is inversely
correlated with CRP concentration in serum during inflammation. Some studies showed a different expression of FetA in
RA patients compared to healthy subjects. While a study
showed decreased expression of FetA [33] in RA, others

reported an increase [34, 35]. More interestingly, the presence
of FetA increases the rate of apoptotic cell uptake [36].
Considering that apoptosis and the subsequent clearance of
apoptotic cells by phagocytes are pivotal processes in the resolution of inflammation [37], a high concentration of FetA in
responders at baseline may increase the elimination of massive apoptotic B cell induced by RTX treatment and therefore
favor toward a better resolution of inflammation in responder
patients. The dysregulation of this process leading to persistent inflammation is thought to contribute significantly to tissue damage in chronic inflammatory diseases such as RA
[38].
Despite a plethora of studies identifying predictive biomarkers for RA, none has delivered a biomarker tool for routine clinical practice. This lack of transfer may be due to the
heterogeneity of the approaches used and the number of parameters to consider, i.e., class of molecules vs. individual
bDMARD, number of previous bDMARD treatments, nature
of biomarker (cell type, DNA, RNA, proteins, etc.), and translational potential of the identified biomarkers into routine clinical practice. We therefore designed our study to facilitate a
rapid implementation of the predictive model in daily practice.
Thus, we narrowed our inclusion criteria to select (i) a homogeneous population by targeting only patients presenting failure to respond to a single TNFi. Indeed, it is likely that the
serum proteome may be modified after one or more
bDMARD treatments [39, 40] (ii) prioritize the selection of
biomarkers for which validated and standardized diagnostic
assays exist and are routinely used in clinical practice and
commercially available. Accordingly, FetA and TBG expression levels were assessed using an IVD CE-accredited ELISA
kits.
In conclusion, by applying a non-a priori stepwise approach (proteomics discovery, quantitative immunoassays,
multivariate model generation), we identified novel robust
baseline serum biomarkers such as TBG and FetA, which,
when integrated into a predictive model, were able to stratify
patients for whom a first TNFi treatment had failed. The model accurately predicted R and NR status after 6 months of RTX
treatment. However, those results were generated in a limited
number of patients and need therefore to be confirmed in an
independent and a larger population. When validated, these
tools should be rapidly translated into daily clinical practice to
help clinicians to choose the most appropriate bDMARD for
the patient.
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