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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 expand-
ing, and hence, patients who fail to respond to one
bDMARD may change through another treatment in ac-
cordance with guidelines that endorse cycling or switch-
ing strategies after failure to first bDMARD [1, 2].
Nowadays, despite the increasing number of thera-

peutic tools available, the successful treatment of certain
RA patients remains particularly challenging for clini-
cians. This is in part due to the severity of the disease,
but additionally may be related to the tendency of rheu-
matologists to cycle or switch therapies in an attempt to
achieve strict disease control, following the treat-to-
target 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 discon-
tinue treatment due to inefficacy [5].
Numerous studies have tried to establish clinical, sero-

logical, and imaging features that could help better de-
fine 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 fail-
ures 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 pos-
sible predictors of consecutive multiple failures to
bDMARDs.

Patients and methods
This study involved subjects with RA from the prospect-
ive biological cohort of patients drawn from the
Rheumatoid Arthritis Registry at La Paz University Hos-
pital between January 2000 and August 2019. Ethical ap-
proval 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

to include clinical information on RA patients since the
beginning of the bDMARD treatment and during follow-
up, 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).

Definition for multi-refractory RA patients (MR-patients)
and non-refractory patients (NR-patients)
Since there is no consensus on the definition of multi-
bDMARD refractoriness, we classified as MR-patients
those who presented insufficient response to at least
three bDMARDs or two bDMARDs with different mech-
anism of action. Patients who discontinued bDMARDs
due to adverse events, contraindications, or intolerance
were considered refractory if disease activity was moder-
ate 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 develop-
ment of secondary inefficacy was approximately 4 years
in our population. Therefore, although it is a strict cri-
terion, 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 (malignan-
cies 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 mech-
anism of action) and patients with less than 5 years of
follow-up were also excluded from the final analysis.

Data collection
For all patients, the following data were collected just
prior to starting the first bDMARD: demographic char-
acteristics (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 concomi-
tant treatments (corticosteroids and conventional syn-
thetic—csDMARDs), presence of bone erosions
(assessed by simple radiography), extra-articular
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manifestations (rheumatoid nodules, pulmonary involve-
ment, 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), C-
reactive 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 NR-
patients. 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 associ-
ated with this outcome and therefore should be consid-
ered in the multivariate analyses. Prior to adjusting the
multivariate analysis, we performed a multi-collinearity
test (Supplementary Table S1) analyzing variance infla-
tion 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 ana-
lysis 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 col-
lection, 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.

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 be-
tween 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 MR-
patients than in NR-patients (43.9% vs 77.5%, p = 0.001).
Global time on bDMARDs treatment was longer in MR-
patients 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 suc-
cessive 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 be-
tween 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 ero-
sions (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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Discussion
Refractory RA constitutes an emerging concern, to date
few studies tried to establish the characteristics of RA
patients who develop multiple bDMARD failures. There-
fore, in the present study, we aimed to provide more
data about these patients and we found that being youn-
ger at starting bDMARDs, higher baseline DAS-28,

presence of erosions and poorer early response within
the first 6 months of treatment with bDMARDs (mea-
sured by delta-DAS-28) were associated with multi-
refractoriness. Nevertheless, it should be noted that our
results are based on the definitions we used for MR-
patients and NR-patients. According to our definitions,
10% of the patients in the RA-PAZ registry met the

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 (MR-
patients), n = 41

Non-refractory patients (NR-
patients), n = 71

p
value

Sex (female) 95 (84.8) 33 (80.5) 62 (87.3) 0.33

Smoking status

Never smoker 63 (56.3) 22 (53.7) 41 (57.7)

Smoker

Past 23 (20.5) 12 (29.3) 11 (15.5) 0.17

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

Age (years)

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

Extra-articular manifestations 21 (18.8) 12 (29.3) 9 (12.7) 0.03*

Immunological parameters

Positive RF (IU/ml) 99 (88.4) 35 (85.4) 64 (90.1) 0.44

Positive ACPA (IU/ml) 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) –

First bDMARD

TNFi 95 (84.8) 38 (92.7) 57 (80.3) 0.07

Non-TNFi 17 (15.2) 3 (7.3) 14 (19.7)

Prior to start 1st bDMARD

DAS-28 5.4 (1.1) 5.8 (1.2) 5.1 (1.0) 0.002*

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*

* 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
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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. esti-
mated 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 con-
siders 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 (im-
munological, pharmacogenetics, toxicity, comorbidities,
etc.) that varies between individuals [15].

Regarding definitions for multi-refractoriness in obser-
vational 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 strin-
gent by only considering patients with insufficient re-
sponse 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 mech-
anism of action were not classified as multi-refractory.
This is also true of those in whom treatment was chan-
ged due to adverse events or contraindication, since we
wanted to include only those patients with a true ineffi-
cacy to treatment. In NR-patients, the follow-up period

Table 2 Bivariate and multivariate analysis for the association between demographic and clinical characteristics and multi-
refractoriness

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
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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 sus-
tained 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 previ-
ously mentioned, the lack of consensus on the definition
of multi-refractoriness makes it difficult for rheumatolo-
gist 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 base-
line 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 de-
crease in DAS-28, had 11-fold greater likelihood of hav-
ing multiple failures to different bDMARDs. This
finding has not been reported in previous studies, al-
though 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 ero-
sions 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 destruc-
tive 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 associ-
ated 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 multi-
refractoriness. Previous observational studies in biologic
refractory disease [10, 11] also found that shorter disease
duration and younger age at bDMARD starting were as-
sociated to multi-refractory disease. This is understand-
able 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

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 be-

cause there is no well-established definition of multi-
refractoriness [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 ob-
jectives 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 cur-
rently the most widely used tool for the assessment of
disease activity. Although we did not analyze the compo-
nent of chronic pain/fibromyalgia in our patients, we ob-
served 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 NR-
patients [25–27]. This issue is, however, controversial,
since these subjective items can mean that patients are
misclassified assuming that they have high disease activ-
ity 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 pre-
sented a lack of response to a bDMARD) in order to as-
sess whether the baseline clinical characteristics closely
resemble MR or NR-patients. Nevertheless, our study’s
strengths include its longitudinal design with a long-
term follow-up. This allows for the assessment of multi-
refractoriness 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 clin-
ical 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 under-
stand and, up to a point, to predict the multi-
refractoriness 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 sig-
nificant 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 univer-
sal standard definition of multi-refractoriness is needed
if further studies are going to be capable of establishing
predictors to multiple bDMARD failure.
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