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Abstract
Objectives: To investigate whether meticulously following a treat-to-target (T2T)-strategy in daily clinical practice will lead to less radiographic
progression in patients with active RA who start (new) DMARD-therapy.

Methods: Patients with RA from 10 countries starting/changing conventional synthetic or biologic DMARDs because of active RA, and in whom
treatment intensification according to the T2T principle was pursued, were assessed for disease activity every 3months for 2 years
(RA-BIODAM cohort). The primary outcome was the change in Sharp-van der Heijde (SvdH) score, assessed every 6months. Per 3-month
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interval DAS44-T2T could be followed zero, one or two times (in a total of two visits). The relation between T2T intensity and change in SvdH-
score was modelled by generalized estimating equations.

Results: In total, 511 patients were included [mean (S.D.) age: 56 (13) years; 76% female]. Mean 2-year SvdH progression was 2.2 (4.1) units (me-
dian: 1 unit). A stricter application of T2T in a 3-month interval did not reduce progression in the same 6-month interval [parameter estimates (for
yes vs no): þ0.15 units (95% CI: �0.04, 0.33) for 2 vs 0 visits; and þ0.08 units (�0.06; 0.22) for 1 vs 0 visits] nor did it reduce progression in the
subsequent 6-month interval.

Conclusions: In this daily practice cohort, following T2T principles more meticulously did not result in less radiographic progression than a some-
what more lenient attitude towards T2T. One possible interpretation of these results is that the intention to apply T2T already suffices and that a
more stringent approach does not further improve outcome.

Keywords: RA, treat-to-target, radiographic progression, outcomes

Introduction

The management of RA has gone through a profound trans-
formation in past decades. This change happened not only be-
cause of the broader availability of efficacious drugs, but also
because of strategies leading to early diagnosis, prompt treat-
ment with DMARDs and treat-to-target (T2T) strategies.
According to current recommendations, treatment should be
aimed at reaching a target of sustained remission or low dis-
ease activity [1]. This means following a T2T strategy, which
requires monitoring disease activity regularly, aimed at a pre-
defined treatment goal and intensifying treatment until the
goal is reached [2].

T2T is known for its advantages and its effect on clinical
outcomes [3, 4]. These have been shown in strategy trials and
later also in cohort studies [5–10]. More recently, we have
conducted a true longitudinal analysis in a cohort of unse-
lected patients from daily clinical practice, the RA-BIODAM
(BIOmarkers of joint DAMage) cohort. We have shown that
following a T2T strategy, and particularly sustained T2T (i.e.
following T2T in consecutive visits) in daily clinical practice
leads to more patients meeting the most stringent remission
criteria over time [10].

However, analysing the effect of T2T on disease activity
outcomes includes some circularity, as T2T implies adjusting
treatment according to a target, which is in turn based on dis-
ease activity. Hence, it is not surprising that following T2T in-
deed leads to better disease activity outcomes. When treating
patients, we aim both to suppress inflammation and also to
minimize progression of structural damage. The effect of T2T
on the progression of structural damage has been previously
analysed, but only in a few trials and with conflicting results
[3, 4]. In the TICORA (Tight Control of RA) trial, the T2T
arm showed significantly lower radiographic progression at
18 months compared with the usual care group [8], while in
the CAMERA (Computer Assisted Management in Early RA)
trial, no significant differences were seen [9]. Cohort studies
have addressed the effect of T2T on clinical outcomes, but to
our knowledge not on radiographic progression [5–7].

The impact of following a T2T strategy on radiographic
progression is thus not yet clear. Moreover, a longitudinal
analysis taking all observations over time into account, both
in terms of following T2T or not, and radiographic progres-
sion has not yet been conducted and is helpful to shed light on
this question. The aim of the present study was to investigate

whether meticulously following a T2T strategy in patients
with RA in daily clinical practice leads to lower radiographic
progression.

Methods
Study population

Patients from RA-BIODAM (BIOmarkers of joint DAMage)
were included [11]. RA-BIODAM is a 2-year multi-national
prospective observational study, including patients with a
clinical diagnosis of RA and also fulfilling the 2010 RA
Classification Criteria [12], recruited in daily practice from 10
countries from October 2011 to April 2015. At inclusion in
the cohort, patients had active disease (44-joint disease activ-
ity score, DAS44> 2.4) [13] and were to be started on or to
change DMARD treatment, including conventional synthetic
DMARDs (csDMARDs) and a first TNF inhibitor (TNFi);
patients who had prior biologic (b)DMARD experience were
excluded. Patients were included in this analysis if they had at
least one (6-, 12- or 24-month) interval with radiographic
progression data available. The study fulfilled Good Clinical
Practice Guidelines, received approval from the local
ethics committees, and all patients provided written informed
consent.

Individual ethics committees approving the project are
listed in Supplementary Table S7, available at Rheumatology
online.

Radiographic damage progression

Radiographic damage progression was the outcome of inter-
est. Radiographic damage, assessed in radiographs of the
hands and feet at 6-month intervals, was scored with the
Sharp–van der Heijde method (SvdH) by two readers blinded
for clinical data but aware of the chronological order [14,
15]. The average score of the readers was used. SvdH meas-
ures erosions and joint space narrowing in 44 different joints
and provides an aggregated sum score ranging from 0 to 448.
Radiographic progression was computed as change scores,
e.g. 6-month progression reflects the difference between the
status scores at 6 months and baseline, the latter subtracted
from the former. Progression scores were calculated for each
6-month interval, for 12-month intervals and for the whole
follow-up, i.e. 2-year interval.

Rheumatology key messages

• More meticulously following T2T does not result in less radiographic progression than a more lenient attitude.

• Occasionally deviating from a more stringent approach will not lead to more structural damage.
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Treat-to-target

Participating rheumatologists were required by protocol to
follow a T2T strategy with DAS44 remission (DAS44<1.6)
as benchmark. Following a DAS44-T2T remission strategy,
which was defined at each 3-month visit, was the main vari-
able of interest. T2T was considered as being followed: (i) if
a patient had already a DAS below the target (DAS<1.6)
and treatment was not intensified; or (ii) if treatment was
intensified upon a DAS� 1.6. Treatment intensification was
defined as increasing dosage or adding a drug from the
following categories: csDMARDs, bDMARDs, targeted
synthetic DMARDs (tsDMARDs) or glucocorticoids. T2T
was considered incorrectly applied if: (i) the target was met,
but treatment was nevertheless intensified; or (ii) the target
was not met, but treatment was not intensified.

For each patient and throughout 21 months of follow-up,
the proportion of visits out of the total number of visits of
that patient (maximum eight) in which T2T was followed was
calculated. This proportion was split into quartiles to catego-
rize patients based on the proportion of visits in which T2T
was followed according to our definition: very low, �40% of
the visits; low, >40% and <62.5%; high, �62.5% and
�75%; and very high, >75%. The 2-year visit was left out on
purpose so that the analysis could reflect a time lag between
following T2T (up to 21 months) and the 2-year radiographic
progression as the outcome.

Per 3-month interval, T2T could be followed zero, one or
two times (total of two visits, one at the start and one at the
end) (Fig. 1). To investigate the relationship between follow-
ing T2T and radiographic progression, which could be com-
puted in different intervals, the number of visits following
T2T in each 3-month period was used. For the main analysis,
the effect of following T2T in each 3 months was used and
following T2T two times (or one time) was compared with
not following it (i.e. 0 times) (Fig. 1). When different intervals
were considered for following T2T (see below), a different to-
tal number of visits following T2T was possible, always con-
sidering that visits took place every 3 months (Supplementary
Fig. S1, available at Rheumatology online).

Additional definitions for T2T were also considered for
sensitivity analyses: (i) T2T without glucocorticoids, i.e. with-
out considering glucocorticoids as a treatment intensification;
(ii) T2T less strict, i.e. considering T2T as adequate as long as
the target, DAS44 remission, is met, regardless of whether
treatment is nevertheless intensified or not; (iii) T2T-low dis-
ease activity (T2T-LDA) using LDA (i.e. DAS< 2.4) [16] in-
stead of remission as the benchmark.

Statistical analysis

Descriptive analysis was conducted, and the characteristics of
patients grouped according to quartiles of 2-year radiographic
progression or quartiles of proportion of visits following T2T
were compared using ANOVA for continuous variables and v2

for categorical variables. Radiographic progression at 2 years
was visualized across groups by cumulative probability plots.

The relationship between the number of visits following
T2T in each 3-month interval and 6-month radiographic pro-
gression in the same interval was investigated using general-
ized estimating equations (GEE) (Fig. 1A). Additionally, the
association between the number of visits following T2T in
each 3-month interval and 6-month radiographic progression
in the subsequent 6-month interval was investigated, allowing
a lag of at least 3 months between the main predictor of inter-
est (i.e. following T2T) and the outcome (i.e. radiographic
progression) to ensure that the outcome was occurring later
than the predictor (Fig. 1B). GEE is a suitable technique
for longitudinal analysis, which makes use of all available
observations from each patient while adjusting for inherent
within-subject correlations of the repeated measurements.
The ‘exchangeable’ working correlation structure was used.

To address the possibility that a larger time lag is required to
see an effect of following T2T on radiographic progression, ad-
ditional analyses were conducted (schematic representations of
the analysis: Supplementary Figs S1–S3, available at
Rheumatology online). The first analysis used 2-year radio-
graphic progression as the outcome. The effect of the number
of visits following T2T (compared with not following) was
tested, considering different intervals (in different models): first

Figure 1. Schematic representation of the statistical analysis. Associations between the number of visits with T2T in a 3-month interval and 6-month

change in radiographic damage, both in the same (A) and in the subsequent 6-month interval (B) over a total period of 2 years (A and B depict separate

models). T2T: treat-to-target
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3 months (2 visits), 6 months (3 visits), 9 months (4 visits) and
12 months (5 visits) (Supplementary Fig. S1, available at
Rheumatology online). The same analysis using different inter-
vals and corresponding number of visits following T2T was
conducted with 12-month radiographic progression, taking
place between 12 months and 2 years, as the outcome, allowing
for a lag between following T2T and radiographic progression
(Supplementary Fig. S2, available at Rheumatology online).
Lastly, the effect of following T2T was also computed as the
groups defined based on the proportion of visits following T2T
(very low, low, high and very high as described above), and
their effect was analysed on the 2-year radiographic progres-
sion (Supplementary Fig. S3, available at Rheumatology
online).

For each model, interactions between the T2T variable and
age, gender, disease duration and RF/ACPA-positivity were
tested, and, if significant (P< 0.15) and clinically relevant, the
model was fitted in each subgroup. If these proved to be not
relevant, final models were adjusted for potential confounders
selected a priori: age, gender, disease duration and country of
residence. In addition, RF/ACPA positivity was tested as pos-
sible confounder and included in the models if its addition
changed the effect of the main variable of interest impor-
tantly. Stata SE version 16 was used.

Results

In total, 521 patients were included (91% of the RA-
BIODAM cohort) with a mean age of 56 (S.D. 13) years, 76%
females and a mean disease duration of 6.5 (7.8) years
(Supplementary Table S1, available at Rheumatology online).
Seventy-eight per cent of the patients were RF and/or ACPA
positive, and 48% were DMARD-naive at baseline. The
mean SvdH score at baseline was 17.0 (28.8) and at 2 years
it was 20.3 (33.0) (n¼ 482 and n¼ 363, respectively)
(Supplementary Table S2, available at Rheumatology online).
Taking all 6-month intervals during follow-up, the average
6-month progression was 0.6 (1.4). At 2 years, patients
showed on average 2.2 (4.1) units progression (median: 1
unit; n¼ 413).

When comparing patients grouped according to the quar-
tiles of 2-year radiographic progression, patients with higher
progression were older, had longer disease duration, more
comorbidities and higher baseline radiographic damage
(Table 1). There were no differences in the remaining baseline
demographic and clinical characteristics. Moreover, there
were no differences in treatment over follow-up, namely in
the proportion of patients on TNFi, non-TNFi bDMARDs or
tsDMARDs (Table 1). During follow-up, patients with the
highest radiographic progression had the highest DAS44, but
there was no clear dose relationship across groups.

Over 21 months of follow-up, T2T was followed, on aver-
age, in 4.4 (1.9) visits (median: 4), corresponding to 59% (S.D.
24%) of all visits available (Supplementary Table S3, avail-
able at Rheumatology online). In <1% of the patients, T2T
was never followed, and in 9% of the patients T2T was fol-
lowed in all available visits. Across quartiles of the proportion
of visits with T2T followed, patients with higher proportion
of visits followed were younger, less frequently females, had
fewer comorbidities, and lower baseline DAS44 and HAQ
(Supplementary Table S4, available at Rheumatology online).
There were no differences in treatment over follow-up across
the quartiles of proportion of visits following T2T. Over

follow-up the DAS44 was significantly lower in the group fol-
lowing most T2T, with an inverse dose relationship between
the proportion of visits following T2T and mean DAS44
[DAS44 4.1 (0.9) in the very low and 3.6 (1.0) in the very
high group].

T2T and radiographic progression

During the 2 years of follow-up, radiographic progression
was not significantly different across categories of T2T fol-
lowed: very low with 2.1 (2.7) units; low, 2.8 (6.0); high, 2.4
(4.5); and very high, 1.6 (2.2) units (Fig. 2).

Taking the whole follow-up into account, following T2T in
a 3-month interval was not associated with radiographic pro-
gression in the same 6-month interval [parameter estimates
(for yes vs no)]: þ0.15 units (95% CI: �0.04, 0.33) for 2 vs 0
visits following T2T; and þ0.08 units (�0.06 to 0.22) for 1 vs
0 visits following T2T (Table 2). Similarly, following T2T in a
3-month interval was not associated with radiographic pro-
gression in the subsequent 6-month interval (Table 3).
Sensitivity analyses, with different definitions of T2T, re-
trieved similar results (Tables 2 and 3).

The effect of following T2T a certain number of times vs
not following it within an initial period of follow-up (first
3 months and subsequently also 6 months, 9 months and
12 months) on radiographic progression over 2 years was not
statistically significant. The categories according to the pro-
portion of visits in which T2T was followed were not associ-
ated with 2-year radiographic progression (Supplementary
Table S5, available at Rheumatology online; Fig. 2).

Considering a possible delay between following T2T and
its effect on radiographic progression, the effect of following
T2T in the first 3 months (6, 9 and 12 months) was analysed
on radiographic progression, again showing no significant
relationship (Supplementary Table S6, available at
Rheumatology online).

Discussion

In this daily practice cohort, we have shown that pursuing a
stricter form of T2T did not result in less radiographic pro-
gression than using a more lenient form. With T2T principles
being followed in 60% of the visits and almost all patients
having visits with and without T2T followed throughout the
2-year follow-up, this result suggests that a somewhat more
lenient attitude towards T2T will not lead to worse structural
outcomes compared with following T2T principles more
meticulously.

Disease activity is one of the well-known factors that
predispose to radiographic progression [17–19]. If a
T2T-strategy is recommended to keep the disease activity
controlled and namely achieve more remission, and if follow-
ing T2T leads to more patients meeting the most stringent
remission criteria over time [10], why then does following
T2T better not appear to prevent radiographic progression?

One possible interpretation of these results is that the inten-
tion to apply T2T already suffices, and that a more stringent
approach does not further improve outcome. T2T was ap-
plied in 60% of the visits, in almost all patients in at least one
visit (99%), while only a minority followed T2T in all visits
(9%). This confirms that there was the general intention to
follow the protocol and apply T2T, but this was not thor-
oughly followed in every single visit. It is therefore possible
that the important benefit of preventing radiographic damage

4 Sofia Ramiro et al.
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progression was obtained by this overall intention to apply
T2T. On top of that, meticulously following T2T, i.e. follow-
ing it more often or always compared with not following it (in
some visits), does not seem to provide additional benefit in
terms of structural damage. Alternatively, it is possible though
that an earlier start of appropriate treatment, namely before
structural damage starts to develop, is more of value than a
stricter application of T2T once some damage has accrued.
This can explain these negative results in a population with a
mean of 7 years of disease duration. Although we did not find
an interaction with disease duration, we cannot exclude that
the results could be different if the analysis was restricted
to an early RA, DMARD-naive, population. This can also ex-
plain the discrepancy between our results and the ones from
TICORA, the only RCT in which T2T has been shown to in-
hibit radiographic progression, as in TICORA only patients
with up to 5 years of disease were included [8]. Another possi-
ble explanation for T2T not inhibiting radiographic

progression may lie on limitations of the disease activity as-
sessment. A DAS44 score may be elevated mainly due to a
higher tender joint count or patient’s global assessment of dis-
ease activity in the absence of more objective signs of inflam-
mation, leading the clinician to decide to not intensify
treatment. Such a situation, formally not following T2T, may
not lead to more radiographic progression as swollen joint
count and acute phase reactants have the strongest associa-
tions with damage progression [20–22]. Furthermore, treat-
ment with bDMARDs is also known to uncouple the classic
relationship between disease activity and radiographic pro-
gression, which could in turn also contribute to explain
this lack of effect of T2T, as more than half of the patients
in RA-BIODAM were at some point treated with bDMARDs
[23, 24].

While T2T is advantageous and leads to positive outcomes
at the group level, evidence is accumulating that it may not be
the optimal approach at the individual patient level if

Table 1. Demographic and clinical characteristics (at baseline and over follow-up) of patients stratified by the proportion of 2-year radiographic progression

Radiographic progression over 24 months (n¼413)a

Very low (�0.5) Low (>0.5 & �1) High (>1 & <3) Very high (�3)

n¼164 n¼52 n¼104 n¼93

Baseline characteristics
Age, years 52 (12) 57 (11) 57 (13) 59 (12)
Female gender 131 (80%) 43 (83%) 77 (74%) 67 (73%)
Disease duration, years 5 (7) 8 (8) 7 (8) 8 (9)
Education, years 13 (4) 12 (4) 13 (4) 13 (4)
Number of comorbidities 0.9 (1.1) 1.0 (1.1) 1.3 (1.3) 1.2 (1.3)
RF positivity 101 (64%) 30 (63%) 75 (74%) 65 (73%)
ACPA positivity 107 (67%) 33 (64%) 73 (70%) 68 (74%)
RF and/or ACPA positivity 118 (74%) 36 (71%) 81 (79%) 79 (87%)
Sharp–van der Heijde score (0–448) 8.7 (17.6) 18.4 (30.6) 18.2 (30.0) 30.3 (42.3)
DAS44 (0-10) 3.8 (1.0) 3.9 (1.0) 3.8 (1.0) 3.9 (1.0)
Patient Global Assessment (0–10) 5.5 (2.2) 6.3 (2.1) 5.7 (2.6) 5.7 (2.2)
Physician Global assessment (0–10) 5.4 (1.8) 6.0 (1.8) 5.6 (1.9) 5.8 (2.0)
SJC (0–44) 8.1 (6.1) 8.7 (6.0) 8.3 (5.6) 9.0 (5.9)
TJC (0–53) 13.7 (9.1) 13.6 (8.3) 12.7 (9.2) 14.1 (8.5)
HAQ (0–3) 1.1 (0.6) 1.2 (0.6) 1.1 (0.6) 1.1 (0.7)
ESR (mm/h) 26.3 (20.0) 27.1 (20.6) 28.2 (21.3) 30.1 (21.5)
CRP (mg/L) 12.4 (17.9) 13.4 (15.7) 14.8 (20.5) 17.7 (28.2)
Number of previous csDMARDs 0.8 (1.1) 1.1 (1.3) 0.8 (1.0) 1.0 (1.3)
DMARD naive 82 (50%) 22 (42%) 57 (55%) 44 (48%)
Smoking status

Never smoker 80 (49%) 22 (42%) 51 (49%) 50 (54%)
Current smoker 47 (29%) 12 (23%) 26 (25%) 24 (26%)
Ex-smoker 36 (22%) 18 (35%) 27 (26%) 18 (20%)

Academic center 111 (68%) 33 (64%) 75 (72%) 58 (63%)
Clinical characteristics over 21 months
Proportion of visits with T2T followed (0–1) 0.6 (0.2) 0.6 (0.2) 0.6 (0.2) 0.6 (0.2)
TNFi ever 88 (54%) 27 (52%) 53 (51%) 56 (60%)
Non-TNFi bDMARD ever 12 (7%) 11 (21%) 7 (7%) 17 (18%)
tsDMARD ever 1 (1%) 0 (0%) 1 (1%) 2 (2%)
csDMARD only 75 (46%) 21 (40%) 51 (49%) 32 (35%)
TNFi 1st year only 13 (15%) 6 (22%) 4 (8%) 10 (18%)
Non-TNFi bDMARD 1st year only 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Number of visits on TNFi (0–8) 3.3 (3.6) 2.6 (3.2) 3.3 (3.6) 3.6 (3.4)
Number of visits on non-TNFi bDMARD (0–8) 0.4 (1.5) 1.1 (2.4) 0.3 (1.2) 0.7 (1.8)
Number of csDMARDs (0–6) 1.8 (1.0) 2.2 (1.2) 1.8 (1.0) 1.9 (1.0)
Number of bDMARDs (0–5) 0.4 (0.5) 0.4 (0.5) 0.4 (0.5) 0.4 (0.5)
DAS44 (0–10) 2.2 (0.9) 2.3 (0.8) 2.1 (0.7) 2.5 (0.8)

In bold are the characteristics with a statistically significant difference across the groups highlighted.
a Total of patients with 24-month radiographic progression interval available. Categories defined based on quartiles of 24-month radiographic

progression. bDMARD: biological DMARD; csDMARDs: conventional synthetic DMARDs;DAS44: 44-joint DAS; DAS28-ESR: 28-joint score DAS with
ESR; SJC: swollen joint count; T2T: treat-to-target; TJC: tender joint count; TNFi: TNF inhibitor; tsDMARD: targeted synthetic DMARD.
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followed too strictly, especially if not taking other factors that
can influence disease activity score into account [25–28]. In
general, T2T principles are correct, and one should aim at a
remission or low disease activity state. However, the evidence
of the virtues of T2T is mainly related to bringing patients
with a high level of disease activity into a lower inflammatory
state. When disease activity is already low or moderate, there
is no evidence as to whether it is further beneficial to target
remission. Actually, for patients in a low disease activity,
further treatment intensification aimed at disease activity re-
mission has not been shown to result in meaningful functional
improvement [26]. Our study adds to this by underlining that,
beyond an overall and global use of T2T, there is not really a
need to meticulously follow T2T as it will not translate into
better structural outcomes. Overtreatment is a potential prob-
lem that can precisely arise from being too strict in applying
T2T, which should be considered in light of the current find-
ings [25]. These data notwithstanding, the importance of
measuring disease activity should still be emphasized, and the
results of our study should be interpreted in the context of be-
ing regularly informed about the patient’s disease activity and

Figure 2. Cumulative probability plot with 2-year radiographic progression

according to the proportion of 3-monthly visits with T2T followed. The

proportion of visits in which T2T was followed was split into quartiles so

that patients could be categorized based on the proportion of visits in

which T2T was followed according to our definition: very low, �40% of

the visits; low, >40% and <62.5%; high, �62.5% and �75%; and very

high, >75%

Table 2. Effect of following DAS44-T2T-remission strategy on 6-month radiographic progression, measured in the same 6-month period as T2T, over

2 yearsa

Change in radiographic damage [regression coefficient (95% CI)]

n¼506

2 times vs 0 followed 1 time vs 0 followed

Main analysis T2T remission
T2T during 3 months on radiographic progression in the same 6-month period 0.15 (�0.04, 0.33) 0.08 (�0.06, 0.22)
Sensitivity analysis
T2T without glucocorticoids
T2T during 3 months on radiographic progression in the same 6-month period 0.13 (�0.06, 0.31) 0.11 (�0.03, 0.25)
T2T less strict
T2T during 3 months on radiographic progression in the same 6-month period 0.13 (�0.06, 0.32) 0.10 (�0.04, 0.25)
T2T low disease activity
T2T during 3 months on radiographic progression in the same 6-month period 0.11 (�0.03, 0.24) 0.12 (�0.00, 0.25)

a All models (per row a separate model) adjusted for age, gender, disease duration and country. Analysis conducted as outlined in the schematic
representation of Fig. 2A. T2T was considered being followed: (i) if a patient had already a disease activity score below the target (DAS< 1.6; DAS< 2.4 for
LDA definition) and treatment was correctly not intensified; or (ii) if treatment was intensified upon a DAS� 1.6 (or DAS �2.4 for LDA definition). T2T
without glucocorticoids: without considering glucocorticoids in treatment intensification. T2T less strict: considering T2T as adequate as long as the target,
DAS44 remission, is met, regardless of whether treatment nevertheless intensified or not.
DAS44: 44-joint disease activity score; T2T: treat-to-target.

Table 3. Effect of following DAS44-T2T-remission strategy on 6-month radiographic progression, measured in the subsequent 6-month period, compared

with T2T, over 2 yearsa

Change in radiographic damage

[regression coefficient (95% CI)] n¼506

2 times vs 0 followed 1 time vs 0 followed

Main analysis T2T remission
T2T during 3 months on radiographic progression in the subsequent 6-month period �0.09 (�0.28, 0.10) �0.10 (�0.24, 0.05)
Sensitivity analysis
T2T without glucocorticoids
T2T during 3 months on radiographic progression in the subsequent 6-month period �0.10 (�0.28, 0.07) �0.05 (�0.20, 0.10)
T2T less strict
T2T during 3 months on radiographic progression in the subsequent 6-month period �0.08 (�0.28, 0.11) �0.10 (�0.25, 0.06)
T2T low disease activity
T2T during 3 months on radiographic progression in the subsequent 6-month period �0.03 (�0.20, 0.14) 0.06 (�0.12, 0.24)

a All models (per row a separate model) adjusted for age, gender, disease duration and country. Analysis conducted as outlined in the schematic
representation of Fig. 2B. T2T was considered being followed: (i) if a patient had already a disease activity score below the target (DAS< 1.6; DAS< 2.4 for
LDA definition) and treatment was correctly not intensified; or (ii) if treatment was intensified upon a DAS� 1.6 (or DAS �2.4 for LDA definition). T2T
without glucocorticoids: without considering glucocorticoids in treatment intensification. T2T less strict: considering T2T as adequate as long as the target,
DAS44 remission, is met, regardless of whether treatment nevertheless intensified or not. DAS44: 44-joint disease activity score; T2T: treat-to-target.
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having a general intention to implement T2T. These results
should by no means be interpreted as indicating that frequent
assessment of disease activity and T2T do not matter and
should not be implemented.

Some limitations of this study need to be considered. First,
it is possible that a longer follow-up, particularly after the ap-
plication of T2T, would be necessary to capture an effect of
T2T on radiographic progression as nowadays patients have
lower levels of radiographic progression, which results in a
limited power to identify factors significantly associated.
Confounding by indication is also a potential concern in this
analysis. Patients were not randomly allocated to T2T vs no
T2T. In the same cohort we have previously reported that
T2T was more followed in ACPA-positive patients and
patients with more swollen joints and these are patients at a
higher risk of radiographic progression, which in turn may
have an impact on the current results [29]. Nevertheless, even
though some statistical methods like propensity scoring could
be used to partially address bias introduced by confounding
by indication, the results of all analyses of our study, with dif-
ferent definitions of T2T or of radiographic progression, were
consistent and provided the same conclusion. It is thus un-
likely that confounding by indication fully explains the lack
of effect of T2T on radiographic progression. Moreover, to
fully overcome confounding by indication, an RCT would in
theory be necessary, but given the known benefits of T2T it
would not be ethical to randomize a patient to ‘never T2T’ (vs
‘always T2T’), particularly for a long period [23].
Additionally, RCT would provide prognostic similarity at
baseline, but as T2T is an iterative and adaptative process
throughout follow-up, several reasons other than the treat-
ment allocation could influence the decision to follow it or
not. Although the effect that we were interested in analysing
was that of T2T on radiographic progression, it is challenging
or technically almost impossible to separate this effect from
the effect of the individual treatment options used in the T2T
approach as these options and the order in which at least
some drug classes are used are inherent to applying T2T.
Treatment with bDMARDs in general is associated with less
radiographic progression than treatment with csDMARDs
and also known to uncouple the relationship between disease
activity and radiographic progression [23, 24, 30, 31].

The study also has several strengths, the most important be-
ing its multinational observational study design, which means
that it includes unselected patients and interventions that can
vary over time (following T2T vs not) reflecting daily clinical
practice, with a true longitudinal analysis addressing the im-
pact of following a T2T strategy on radiographic progression.

In this daily practice cohort, more meticulously following
T2T principles did not result in more reduction of radio-
graphic progression than a somewhat more lenient attitude
towards T2T. While the T2T principles themselves are not
disputed here, this study gives room to allow occasional devi-
ations from a more stringent approach without major conse-
quences, for instance when the rheumatologist considers
further immunosuppressive treatment intensification not en-
tirely appropriate.
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