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Abstract
Background: Biological therapies have improved the clinical course and quality of life of rheumatoid arthritis (RA)
patients. Despite the availability and effectiveness of these treatments, some patients experience multiple failures to
biologic disease-modifying antirheumatic drugs (bDMARDs), constituting a particular challenge to clinicians.
Objectives: This study aims to determine the percentage of rheumatoid arthritis (RA) patients who fail to respond
to subsequent bDMARDs, describe their characteristics, and identify specific baseline and early features during the
first bDMARD as possible predictors of consecutive multiple bDMARD failure.
Methods: This is a longitudinal study involving RA patients from the prospective biological cohort drawn from the
La Paz University Hospital RA Registry (RA-Paz), starting a bDMARD during the years 2000 to 2019. Patients who
presented insufficient response (due to primary or secondary inefficacy) to at least three bDMARDs or two
bDMARDs with different mechanism of action were considered multi-refractory (MR-patients). Patients who
achieved low disease activity or remission (by DAS-28) with the first bDMARD and maintained this over a follow-up
period of at least 5 years were considered non-refractory (NR-patients).
Results: A total of 41 out of 402 (10%) patients were MR-patients and 71 (18%) NR-patients. In the multivariate
analysis, the presence of erosions, younger age, higher baseline DAS-28 and mostly achieving delta-DAS < 1.2 after
6 months of the first bDMARD (OR 11.12; 95% CI 3.34–26.82) were independently associated with being MR-patients
to bDMARDs.
Conclusions: In our cohort, 10% of patients with RA were observed to have multi-refractoriness to bDMARDs. This
study supports the contention that younger patients with erosive disease and especially the early absence of
clinical response to the first bDMARDs are predictors of multi-refractoriness to consecutive biologics. Hence,
patients with these characteristics should be monitored more closely and may benefit from personalized
treatments.
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Background
Biologic
disease-modifying
antirheumatic
drugs
(bDMARDs) have demonstrated their effectiveness in
the treatment of rheumatoid arthritis (RA), improving
the clinical course of the disease and patients’ quality of
life. The repertoire of bDMARDs is continually expanding, and hence, patients who fail to respond to one
bDMARD may change through another treatment in accordance with guidelines that endorse cycling or switching strategies after failure to first bDMARD [1, 2].
Nowadays, despite the increasing number of therapeutic tools available, the successful treatment of certain
RA patients remains particularly challenging for clinicians. This is in part due to the severity of the disease,
but additionally may be related to the tendency of rheumatologists to cycle or switch therapies in an attempt to
achieve strict disease control, following the treat-totarget recommendations [3]. The percentage of patients
who fail to respond to multiple bDMARDs in clinical
practice is sufficiently relevant to warrant special focus
due to the intrinsic difficulties of achieving good disease
control. Notably, approximately two thirds of patients
fail to respond in the first 6 months of treatment with
first tumor necrosis factor inhibitor (TFNi) [4], and at
least 12% of patients starting a second bDMARD discontinue treatment due to inefficacy [5].
Numerous studies have tried to establish clinical, serological, and imaging features that could help better define the prognosis of RA [6–9]. These studies have
focused on the identification of predictors of response to
biologic therapies in terms of achieving remission or low
disease activity [6–9]. Nonetheless, few studies have
evaluated which characteristics could help identify those
RA patients most susceptible to suffering multiple failures to bDMARDs [10, 11].
The aim of the present study was to determine the
percentage of patients who fail to respond to multiple
biological treatments in our cohort of patients with RA,
and to identify their characteristics and specific features
at baseline and early stages of the first bDMARD as possible predictors of consecutive multiple failures to
bDMARDs.

to include clinical information on RA patients since the
beginning of the bDMARD treatment and during followup, monitoring clinical response and adverse events
every 6 months.
Inclusion criteria were as follows: age ≥ 18 years RA
patients according to the 1987 ACR or 2010 ACR/
EULAR classification criteria [13, 14] and treated with
any bDMARDs (TNFi, Abatacept, Tocilizumab, and
Rituximab).

Patients and methods
This study involved subjects with RA from the prospective biological cohort of patients drawn from the
Rheumatoid Arthritis Registry at La Paz University Hospital between January 2000 and August 2019. Ethical approval was obtained from the La Paz Ethics Committee
(PI-1155).
The “Rheumatoid Arthritis La Paz University Hospital”
(RA-Paz) Registry is a database of all patients who have
received, or who are receiving, treatment with
bDMARDs [12]. This database enables rheumatologists

Data collection

Definition for multi-refractory RA patients (MR-patients)
and non-refractory patients (NR-patients)

Since there is no consensus on the definition of multibDMARD refractoriness, we classified as MR-patients
those who presented insufficient response to at least
three bDMARDs or two bDMARDs with different mechanism of action. Patients who discontinued bDMARDs
due to adverse events, contraindications, or intolerance
were considered refractory if disease activity was moderate or high at treatment withdrawal.
In contrast, NR-patients were defined as those who
achieved low disease activity or remission with the first
bDMARD and continued with the same treatment for at
least 5 years. This cut-off was established because the
mean time under biological treatment until the development of secondary inefficacy was approximately 4 years
in our population. Therefore, although it is a strict criterion, we chose 5 years to ensure that NR-patients were
really the group of good responders to the first
bDMARD.
Patients who discontinued treatment due to adverse
events such as infusional or cutaneous reactions related
to drug administration, loss of follow-up, pregnancy,
sustained remission (disease remission at least 6 months
and 2 consecutive visits), severe infections (infections
that require hospital admission), neoplasms (malignancies diagnosed during treatment with bDMARDs), and
death were excluded. Likewise, all patients who did not
meet the MR or NR criteria, which means patients who
failed only one bDMARD or two (with the same mechanism of action) and patients with less than 5 years of
follow-up were also excluded from the final analysis.

For all patients, the following data were collected just
prior to starting the first bDMARD: demographic characteristics (age, sex, race, body mass index, educational
level, smoking habit), comorbidities (diabetes mellitus,
dyslipidemia, hypertension, heart disease, chronic lung
disease and chronic kidney disease), age at diagnosis of
RA, age at starting bDMARDs, previous and concomitant treatments (corticosteroids and conventional synthetic—csDMARDs), presence of bone erosions
(assessed by simple radiography), extra-articular
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manifestations (rheumatoid nodules, pulmonary involvement, ocular manifestations, sicca syndrome, vasculitis),
and laboratory parameters such as rheumatoid factor
(RF) and anti-citrullinated peptide antibodies (ACPA). In
addition, health Assessment Questionnaire (HAQ), Creactive protein (CRP), Erythrocyte Sedimentation Rate
(ESR), tender joint count (TJC), swollen joint count
(SJC), and DAS-28-ESR were assessed at baseline and 6
months after starting the first bDMARD. Delta-DAS-28
was also calculated for this period for both MR and NRpatients. Treatment details such as global time on
bDMARD(s) for both groups, time on each treatment
and reasons for discontinuation in MR-patients were
also recorded.

Statistical analysis

Descriptive analyses of all patients were performed.
Using the “multi-refractory status” as the dependent
variable, multiple bivariate logistic regression models
were performed to identify which features were associated with this outcome and therefore should be considered in the multivariate analyses. Prior to adjusting the
multivariate analysis, we performed a multi-collinearity
test (Supplementary Table S1) analyzing variance inflation factor (VIF > 1) in order to check for any possible
correlations between the independent variables. Those
variables significantly associated with the outcome (p
value < 0.1) and uncorrelated independent variables were
assembled into a multivariable logistic regression analysis and finally, through a stepwise strategy, we selected
the more accurate multivariate model using the method
of maximum likelihood. p values < 0.05 were considered
statistically significant. Odds ratio (OR) and confidence
intervals were also calculated (IBM SPSS 21.0).

Results
In total, 595 RA patients treated with bDMARDs
through the RA-Paz Registry were identified, of which
193 discontinued treatment due to: sustained remission
(13.4%), loss of follow-up (9.8%), severe infections
(5.1%), neoplasms (8.8%), death (3.1%), pregnancy
(3.5%), adverse events including infusional reactions
(12.3%), loss of therapeutic adherence, and others
(29.1%) (Supplementary Figure S1). Of the 402 patients
who remained under treatment at the time of data collection, 290 were excluded because they did not fulfill
the selection criteria according to the pre-established
definition of multi and non-refractory patients. Finally,
112 patients (41 MR and 71 NR) were included in our
analysis.
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Demographic and clinical characteristics at the start of
first bDMARD: MR-patients vs NR-patients

Patient characteristics at baseline, prior to start a first
bDMARD, are shown in Table 1. No differences in age,
gender, or age at diagnosis were found between the two
groups. In MR-patients, shorter disease duration between RA diagnosis and starting bDMARD (6.9 vs 10.0
years, p = 0.04) and a higher number of previous
cDMARDs were observed. Erosions and extra-articular
manifestations were more frequent in MR-patients
(58.5% vs 25.4%, p = 0.03 and 29.3% vs 12.7%, p < 0.001
respectively). Differences between disease activity at
baseline were also observed, MR-patients presented
higher DAS-28 (5.8 ± 1.2 vs 5.1 ± 1.0, p = 0.002).

Clinical response to biological therapy: MR-patients vs
NR-patients

The percentage of subjects who responded during first
6-months of the initial treatment was lower in MRpatients than in NR-patients (43.9% vs 77.5%, p = 0.001).
Global time on bDMARDs treatment was longer in MRpatients than NR-patients (11.7 vs 9.7 years, p = 0.01).
For MR-patients, survival time on the first bDMARD
measured 4.1 ± 3.4 years, which decreased with the successive treatments up to a mean survival time of 2.1
years with the third biological onwards. The main reason
for treatment discontinuation was secondary inefficacy,
which was observed in approximately 75% of patients
(Supplementary Table S2-S3).

Risk factors associated with MR

Bivariate analyses showed direct associations between
age at the beginning of treatment, time-span since RA
diagnosis and initiating bDMARD treatment, presence
of erosions and extra-articular manifestations, number
of previous cDMARDs, TJC, SJC, DAS-28, and HAQ.
Nevertheless, after checking for multi-collinearity, some
of these variables were removed due to the correlations
between them. For example, a strong correlation between the number of previous cDMARDs and age at
first bDMARD was noted. Other observations strongly
linked the presence of erosions to the time between
diagnosis and bDMARD starting, disease activity, and
were associated with HAQ.
Finally, the multivariate analysis showed that being
younger (OR 0.95; 95%CI 0.90–0.99), presence of erosions (OR 3.26; 95%CI 1.18–9.00), and higher baseline
DAS-28 (OR 2.29; 95% CI 1.39–3.76) prior to starting
the first bDMARD and achieving a delta-DAS-28 < 1.2 6
months after starting the first bDMARD (OR 11.12; 95%
CI 3.34–26.82) were independently associated with being
a MR-patient (Table 2).
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Table 1 Demographic and clinical characteristics of patients at the start of first bDMARD in all patients included in the analysis and
separately for multi-refractory patients and non-refractory patients
Total, n =
112

Multi-refractory patients (MRpatients), n = 41

Non-refractory patients (NRpatients), n = 71

p
value

95 (84.8)

33 (80.5)

62 (87.3)

0.33

63 (56.3)

22 (53.7)

41 (57.7)

Past

23 (20.5)

12 (29.3)

11 (15.5)

Current

26 (23.2)

7 (17.0)

19 (26.8)

BMI (kg/m2)

26.4 (5.1)

26.6 (5.9)

26.2 (4.6)

0.79

At diagnosis

43.7 (13.1)

43.0 (13.6)

44.2 (12.8)

0.63

At starting cDMARD

46.4 (12.8)

45.1 (13.5)

47.2 (12.4)

0.41

At starting bDMARD

52.6 (11.9)

49.9 (12.3)

54.1 (11.5)

0.07

21 (18.8)

12 (29.3)

9 (12.7)

0.03*

Positive RF (IU/ml)

99 (88.4)

35 (85.4)

64 (90.1)

0.44

Positive ACPA (IU/ml)

Sex (female)
Smoking status
Never smoker
Smoker

0.17

Age (years)

Extra-articular manifestations
Immunological parameters

94 (83.9)

33 (80.5)

61 (85.9)

0.45

Erosions

42 (37.5)

24 (58.5)

18 (25.4)

0.001*

Concomitant cDMARD

89 (79.5)

35 (85.4)

54 (76.1)

0.24

Number of previous cDMARDs
<3

75 (66.9)

16 (39.2)

59 (83.1)

≥3

37 (33.1)

25 (60.8)

12 (16.9)

0.001*

Disease duration between diagnosis and
bDMARD (years)

8.9 (7.7)

6.9 (6.8)

10.0 (8.1)

0.04*

Concomitant steroids

112 (100)

41 (100)

71 (100)

–

TNFi

95 (84.8)

38 (92.7)

57 (80.3)

0.07

Non-TNFi

17 (15.2)

3 (7.3)

14 (19.7)

DAS-28

5.4 (1.1)

5.8 (1.2)

5.1 (1.0)

Tender joint count

9.9 (7.1)

12.3 (7.7)

8.5 (6.2)

0.005*

Swollen joint count

8.3 (4.8)

9.8 (6.2)

7.4 (3.5)

0.02*

HAQ

9.9 (5.2)

11.9 (5.6)

5.5 (5.1)

0.003*

ESR (mm/h)

33.1 (20.2)

37.1 (21.4)

30.8 (19.3)

0.11

CRP (mg/dl)

12.4 (16.8)

16.7 (23.0)

10.1 (11.6)

0.05*

First bDMARD

Prior to start 1st bDMARD
0.002*

* statistically significant
Results are shown as mean (standard deviation) for continuous variables and absolute number (percentage) for categorical variables
BMI body mass index, RF rheumatoid factor, ACPA anti-citrullinated peptide antibodies, cDMARD conventional disease-modifying antirheumatic drug, bDMARD
biological disease-modifying antirheumatic drug, DAS-28 Disease Activity Score-28, HAQ Health Assessment Questionnaire, ESR erythrocyte sedimentation rate, CPR
C-reactive protein

Discussion
Refractory RA constitutes an emerging concern, to date
few studies tried to establish the characteristics of RA
patients who develop multiple bDMARD failures. Therefore, in the present study, we aimed to provide more
data about these patients and we found that being younger at starting bDMARDs, higher baseline DAS-28,

presence of erosions and poorer early response within
the first 6 months of treatment with bDMARDs (measured by delta-DAS-28) were associated with multirefractoriness. Nevertheless, it should be noted that our
results are based on the definitions we used for MRpatients and NR-patients. According to our definitions,
10% of the patients in the RA-PAZ registry met the
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Table 2 Bivariate and multivariate analysis for the association between demographic and clinical characteristics and multirefractoriness
VARIABLE

Bivariate, OR (95%CI)

Multivariate, OR (95%CI)

Age at diagnosis

0.99 (0.96–1.0)

–

Sex (Female vs male)

1.67 (0.58–4.73)

5.94 (0.92–38.20)

Age at cDMARD treatment

0.98 (0.95–1.01)

–

Age at bDMARD treatment

0.97 (0.93–1.00)

0.95 (0.90–0.99)

Time between diagnosis and bDMARD treatment

0.94 (0.89–1.00)

–

BMI (kg/m2)

1.01 (0.94–1.09)

–

Comorbidities

1.05 (0.71–1.55)

–

Erosions (ref yes)

4.07 (1.79–9.26)

3.26 (1.18–9.00)

Extra-articular manifestations (ref yes)

2.81 (1.0–7.52)

2.14 (0.59–7.78)

RF (ref positive)

0.63 (0.19–2.04)

–

ACPA (ref positive)

0.67 (0.24–1.87)

–

Concurrent metothrexate (ref yes)

1.83 (0.66–5.10)

–

Previous cDMARDs

3.54 (2.05–6.1)

–

ESR (mm/h)

1.01 (0.99–1.03)

–

CRP (mg/dl)

1.02 (0.99–1.05)

–

Tender joint count

1.08 (1.02–1.14)

–

Swollen count joint

1.11 (1.02–1.21)

–

DAS-28 baseline

1.77 (1.2–2.6)

2.29 (1.39–3.76)

DAS-28 at 6 month

2.29 (1.59–3.29)

–

ΔDAS-28 (ref < 1.2)

0.22 (0.09–0.52)

11.12 (3.34–26.82)

HAQ

1.13 (1.03–1.23)

1.09 (0.92–1.29)

Smoking status (ref never smokers)

1.18 (0.54–2.55)

–

BMI body mass index, cDMARD conventional disease-modifying antirheumatic drug, bDMARD biological disease-modifying antirheumatic drug, RF rheumatoid
factor, ACPA anti-citrullinated peptide antibodies, DAS-28 Disease Activity Score-28, HAQ Health Assessment Questionnaire, ESR erythrocyte sedimentation rate,
CPR C-reactive protein
RF positive, > 20 IU/ml; ACPA positive, > 50 IU/ml

condition of multi-refractoriness, compared with 18%
of NR-patients. In other cohorts, these percentages
vary, and the differences are mainly attributable to
heterogeneity in definition of multi-refractory patients,
Kearsley-Fleet et al. reported that 6.4% of patients in
their study were refractory to multiple DMARDs [10],
Bécède et al. found 17% [11], and De Hair et al. estimated 3–10% of difficult-to-treat RA patients in their
cohort [15].
Studies attempting to define refractory RA are still
scarce, because it is an emerging concept, e.g., Buch considers that multi-refractoriness is due to three different
mechanisms: intrinsic refractoriness, pharmacokinetic
refractoriness, and false refractoriness in which there is
an absence of inflammation, but other biomechanical/
degenerative mechanisms are present that influence an
insufficient response to treatment [16]. De Hair et al.
employed a broader definition of “difficult-to-treat RA”
which is considered as a multifactorial condition (immunological, pharmacogenetics, toxicity, comorbidities,
etc.) that varies between individuals [15].

Regarding definitions for multi-refractoriness in observational studies, such as ours, these have been based on
an arbitrary number of failures to different DMARDs,
e.g., Kearsley-Fleet et al. considered patients who initiate
their third class of bDMARD to be refractory [10], while
Bécède et al. defined as refractory those patients who
had an insufficient response to at least 3 DMARDs, and
at least one of which was bDMARD [11].
In our study, we wanted to focus on refractoriness to
bDMARD and furthermore, we aimed to be more stringent by only considering patients with insufficient response to at least three bDMARD with the same
mechanism of action or at least 2 with different target to
be refractory. In addition, to avoid confounding factors
in the analysis, patients who presented inefficacy to only
one bDMARD or two bDMARDs with the same mechanism of action were not classified as multi-refractory.
This is also true of those in whom treatment was changed due to adverse events or contraindication, since we
wanted to include only those patients with a true inefficacy to treatment. In NR-patients, the follow-up period
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was 5 years because according to published data, mean
bDMARD duration to secondary inefficacy usually takes
from 3 to 4 years [17].
Thus, we wanted to ensure that our control group was
comprised of a population that met the criteria of sustained response for a long period.
Some studies have shown that high disease activity as
measured by the usual indexes (DAS-28, SDAI, CDAI)
[18] leads to worse disease prognosis, as well as a poorer
response to conventional treatment. However, as previously mentioned, the lack of consensus on the definition
of multi-refractoriness makes it difficult for rheumatologist to conduct comparable studies. In our study, disease
activity was measured prior to the start of bDMARDs in
agreement with other studies that point to a high baseline DAS-28 as a risk factor for the development of
bDMARD failure [19]. Nonetheless, we have also found
that those patients with a less clinical improvement 6
months after bDMARD treatment (delta-DAS-28 < 1.2)
had a higher risk of developing multi-refractoriness. In
our cohort, this group, which lacked a significant decrease in DAS-28, had 11-fold greater likelihood of having multiple failures to different bDMARDs. This
finding has not been reported in previous studies, although a recent paper that analyzed response trajectories
to anti-TNF found that a 6-month response is indicative
of future outcomes in RA patients [20].
On the other hand, our results show that established
joint damage, as assessed by the presence of bone erosions at the beginning of the biological treatment, was
also associated with a poorer response. This makes
sense, since such erosions are a feature of more destructive and aggressive joint disease. Indeed, erosions have
been shown to be a poor prognostic factor for patients
with RA, and hence, they might also be a factor associated with the lack of response to different treatments. In
addition, MR-patients received more cDMARDs and
bDMARDs were introduced earlier, which reinforce the
hypothesis of a more severe disease course. Although
treatment with DMARDs is expected to improve disease
prognosis, it is difficult to predict which patient with RA
will respond adequately to various treatments [1, 21].
Shorter disease duration and being younger prior to
start the first bDMARD were also predictors of multirefractoriness. Previous observational studies in biologic
refractory disease [10, 11] also found that shorter disease
duration and younger age at bDMARD starting were associated to multi-refractory disease. This is understandable given that these patients present a more aggressive
and rapidly progressive disease course. Therefore, they
require biological treatment earlier than patients with an
adequate response to conventional treatments. On the
other hand, this finding may reflect younger patients
needing to be treated more aggressively leading to
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increased switching between bDMARDs in order to
stablish a treatment to target that improve outcomes [3,
22].
This study is not without its limitations, mainly because there is no well-established definition of multirefractoriness [10, 11, 15, 16, 23, 24] and because it is
difficult to establish a comparison with other cohorts.
Nevertheless, our data can provide more information for
the characterization of this subgroup of patients and for
definitions of multi-refractory and difficult-to-treat RA
which are still pending (although this is one of the objectives of the European League Against Rheumatism
(EULAR) task force) [23]. Another limitation could be
that factors potentially associated with poorer response
to biological therapy (such as chronic pain, fibromyalgia,
or depression) were not analyzed separately. The use of
composite scores to assess the response to treatment has
limitations due to the weight of subjective items in the
overall score (DAS-28 in this study), but they are currently the most widely used tool for the assessment of
disease activity. Although we did not analyze the component of chronic pain/fibromyalgia in our patients, we observed as baseline characteristics of MR-patients that
they had significantly higher levels of CRP and more
swollen joints (as objective parameters), although it is
true that they also had more tender joints than NRpatients [25–27]. This issue is, however, controversial,
since these subjective items can mean that patients are
misclassified assuming that they have high disease activity and thus bDMARDs are switched early, potentially
accelerating refractoriness.
Furthermore, it would also be interesting to analyze
non-multi-refractory patients (i.e., those who have presented a lack of response to a bDMARD) in order to assess whether the baseline clinical characteristics closely
resemble MR or NR-patients. Nevertheless, our study’s
strengths include its longitudinal design with a longterm follow-up. This allows for the assessment of multirefractoriness and for the use of strict inclusion criteria
in both groups, which confers reliability to the patient
characteristics.
In summary, in our cohort, 10% were MR-patients,
and certain clinical features such as erosions, being
younger at the start of bDMARD treatment, having
higher disease activity and, most importantly, poor clinical improvement 6 months after starting the biological
treatment may be useful for predicting multiple failures
to bDMARDs. That is, we ought to establish possible
baseline/early predictors that would allow us to understand and, up to a point, to predict the multirefractoriness prior to the start of biological treatments.
This is because it would be of great interest to clinical
practice to avoid inefficient treatments, which entail significant economic burden and potential adverse effects.
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In addition, this group of patients might benefit from
further studies of targeted therapies in order to develop
a tailored therapy reducing treatment failure. On the
other hand, our findings highlight the fact that a universal standard definition of multi-refractoriness is needed
if further studies are going to be capable of establishing
predictors to multiple bDMARD failure.

Supplementary information

Page 7 of 8

2.

3.

4.

Supplementary information accompanies this paper at https://doi.org/10.
1186/s13075-020-02354-1.
Additional file 1: Supplementary Table S1. Table performed to check
collinearity between significant variables obtained in univariate analysis.
Additional file 2: Supplementary Figure S1. Flow-chart of patients included in the study and reasons for discontinuation of treatment. Supplementary Table S2. Comparison of clinical activity between refractory
and non-refractory patients during treatment with the 1st bDMARD. Supplementary Table S3. Time and reasons for discontinuation of
bDMARDs in refractory patients.

5.

6.

7.

Acknowledgements
Authors acknowledge the Spanish Society of Rheumatology for language
manuscript editing.
8.
Authors’ contributions
All authors discussed the results and contributed to the final manuscript. The
authors read and approved the final manuscript.
Funding
This work was supported by the Fundación Española de Reumatología (FER)
and Instituto de Salud Carlos III (ISCIII), Ministry of Health, Spain (Juan Rodés
research contract to MNN). Funders had no role in the design, collection,
management, analysis, interpretation of the data, preparation, review,
approval, or decision to submit the manuscript or publication.
Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

9.

10.

11.

12.

Ethics approval and consent to participate
The study was approved by the local medical ethics committee (PI-1155).
And consent information was obtained from all participants.

13.

Consent for publication
Not applicable.

14.

Competing interests
No competing interests applicable regarding this manuscript, but A.B. has
received grant/research support and fees for consultancies or as a speaker
from Abbvie, Amgen, Pfizer, Novartis, BMS, Nordic, Sanofi, Sandoz, Lilly, UCB,
and Roche. C.P.R. has received speaking fees or funding for research projects
from Pfizer, Lilly, Novartis, Abbvie, and Roche. V.N.C. has received research
grants from Abbvie, Merck, Novartis, Pfizer, and ASAS and consulting fees
from Abbvie, Lilly, Novartis, Pfizer, and UCB.
Author details
Rheumatology Department, Hospital Universitario La Paz, Paseo de la
Castellana 261, 28046 Madrid, Spain. 2Bioinformatic Unit (GENOXPHOS-group)
Centro Nacional de Investigaciones Cardiovasculares (CNIC), Madrid, Spain.
1

15.

16.
17.

18.

19.
Received: 27 April 2020 Accepted: 15 October 2020

References
1. Smolen JS, Landewé RBM, Bijlsma JWJ, Burmester G, Dougados M,
Kerschbaumer A, et al. EULAR recommendations for the management of

rheumatoid arthritis with synthetic and biological disease-modifying
antirheumatic drugs: 2019 update. Ann Rheum Dis. 2020. https://doi.org/10.
1136/annrheumdis-2019-216655.
Singh JA, Saag KG, Bridges SL, Akl EA, Bannuru RR, Sullivan MC, et al. 2015
American College of Rheumatology guideline for the treatment of
rheumatoid arthritis. Arthritis Rheumatol. 2016;68:1–26.
Smolen JS, Breedveld FC, Burmester GR, Bykerk V, Dougados M, Emery P,
et al. Treating rheumatoid arthritis to target: 2014 update of the
recommendations of an international task force. Ann Rheum Dis. 2016;75:3–
15.
Hetland ML, Christensen IJ, Tarp U, et al. Direct comparison of treatment
responses, remission rates, and drug adherence in patients with rheumatoid
arthritis treated with adalimumab, etanercept, or infliximab: results from
eight years of surveillance of clinical practice in the nationwide Danish
DANBIO registry. Arthritis Rheum. 2010;62(1):22–32.
Hyrich KL, Lunt M, Watson KD, Symmons DP, Silman AJ, British Society for
Rheumatology Biologics Register. Outcomes after switching from one
antitumor necrosis factor alpha agent to a second anti-tumor necrosis
factor alpha agent in patients with rheumatoid arthritis: results from a large
UK national cohort study. Arthritis Rheum. 2007;56(1):13–20.
González-Álvaro I, Ortiz AM, Seoane IV, García-Vicuña R, Martínez C, Gomariz
RP. Biomarkers predicting a need for intensive treatment in patients with
early arthritis. Curr Pharm Des. 2015;21:170–81.
Maini RN, Breedveld FC, Kalden JR, Smolen JS, Furst D, Weisman MH, et al.
Sustained improvement over two years in physical function, structural
damage, and sings and symptoms among patients with rheumatoid
arthritis treated with infliximab and metothrexate. Arthritis Rheum. 2004;50:
1051–65.
Azteni F, Bongiovanni S, Marchesoni A, Filippini M, Caporali R, Gorla R, et al.
Predictors of response to anti-TNF therapy in RA patients with moderate or
high DAS28 scores. Joint Bone Spine. 2014;81:37–40.
Anderson JJ, Wells G, Verhoeven AC, Felson DT. Factors predicting response
to treatment in rheumatoid arthritis: the importance of disease duration.
Arthritis Rheum. 2000;43:22–9.
Kearsley-Fleet L, Davies R, De Cock D, Watson KD, Lunt M, Buch MH, et al.
Biologic refractory disease in rheumatoid arthritis: results from de British
Society for Rheumatology Biologic Register for Rheumatoid Arthritis. Ann
Rheum Dis. 2018;77:1405–12.
Bécède M, Alasti F, Gessl I, Haupt L, Kerschbaumer A, Landesmann U, et al.
Risk profiling for a refractory course of rheumatoid arthritis. Seminars
Arthritis Rheum. 2019;49:211–7.
Martínez-Feito A, Plasencia-Rodríguez C, Navarro-Compán V, HernandezBreijo B, González MA, Monjo I, et al. The effect of methotrexate versus
other disease-modifying anti-rheumatic drugs on serum drug levels and
clinical response in patients with rheumatoid arthritis treated with tumor
necrosis factor inhibitors. Clin Rheumatol. 2019;38(3):949–95.
Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF, Cooper NS, et al.
The American rheumatism association 1987 revised criteria for the
classification of rheumatoid arthritis. Arthritis Rheum. 1988;31:315–24.
Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO, et al.
2010 rheumatoid arthritis classification criteria: an American College of
Rheumatology/European League Against Rheumatism Collaborative
Initiative. Arthritis Rheum. 2010;62:2569–81.
De Hair MJH, Jacobs JWG, Schoneveld JLM, Van Laar JM. Difficult-to treat
rheumatoid arthritis: an area of unmet clinical need. Rheumatology. 2018;57:
1135–44.
Buch MH. Defining refractory rheumatoid arthritis. Ann Rheum Dis. 2018;77:
966–9.
Favalli EG, Biggioggero M, Marchesoni A, Meroni PL. Survival on treatment
with second-line biologic therapy: a cohort study comparing cycling and
swap strategies. Rheumatology. 2014;53:1664–8.
Aletaha D, Funovits J, Keystone EC, Smolen JS. Disease activity early in the
course of treatment predicts response to therapy after one year in
rheumatoid arthritis patients. Arthritis Rheum. 2007;56:3226–35.
Finckh A, Ciurea A, Brulhart L, Möller B, Walker UA, Courvoisier D, et al.
Which subgroup of patients with rheumatoid arthritis benefits from
switching to rituximab versus alternative anti-tumour necrosis factor (TNF)
agents after previous failure of an anti-TNF agent? Ann Rheum Dis. 2010;69:
387–93.

Novella-Navarro et al. Arthritis Research & Therapy

(2020) 22:284

20. Hamann PDH, Pauling JD, McHugh N, Hyrich K, Shaddick G. Early responses
to anti-TNF predicts long-term outcomes including sustained remission: an
analysis of the BSRBR-RA. Rheumatologys. 2020;59(7):1709–14.
21. Smolen JS, Van Der Heide D, StClaire W, Emery P, Bathon JM, Keystone E,
et al. Predictors of joint damage in patients with early rheumatoid arthritis
treated with high-dose methotrexate with or without concomitant
infliximab: results from the ASPIRE trial. Arthritis Rheum. 2006;54(3):702–10.
22. Gwinnutt JM, Symmons DPM, MacGregor AJ, Chipping JR, Marshall T, Lunt
M, et al. Twenty-year outcome and association between early treatment
and mortality and disability in an inception cohort of patients with
rheumatoid arthritis: results from the Norfolk arthritis register. Arthritis
Rheumatol. 2017;69(8):1566–75.
23. Roodenrijs NMT, de Hair MJH, Van der Goes MC, Jacobs JWG, Welsing PMJ,
van der Heijde D, et al. Characteristics of difficult-to treat rheumatoid
arthritis: a result of an international survey. Ann Rheum Dis. 2018;77:1705–9.
24. Melville AR, Kearsley-Fleet L, Buch MH, Hyrich KL. Understanding refractory
rheumatoid arthritis: implications for a therapeutic approach. Drugs. 2020;
80(9):849–57.
25. Hammer HB, Michelsen B, Provan SA, Sexton J, Lampa J, Uhlig T, et al.
Tender joint count and inflammatory activity in patients with established
rheumatoid arthritis: results from a longitudinal study. Arthritis Care Res
(Hoboken). 2020;72(1):27–35.
26. Kristensen LE, Bliddal H, Christensen R, Karlsson JA, Gülfe A, Saxne T, et al. In
swollen to tender joint count ratio a new and useful clinical marker for
biologic drug response in rheumatoid arthritis? Results from a Swedish
cohort. Arthritis Care Res (Hoboken). 2014;66(2):173–9.
27. Balogh E, Madruga-Dias J, Orr C, Mullan R, Harty L, Firtgerald O, et al.
Comparison of remission criteria in a tumour necrosis factor inhibitor
treated rheumatoid arthritis longitudinal cohort: patient global health is a
confounder. Arthritis Res Ther. 2013;15:R221.

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

Page 8 of 8

