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Remission definitions guiding
immunosuppressive therapy in
rheumatoid arthritis: which is best fitted

for the purpose?

Catia Duarte @ ,"? Ricardo J O Ferreira
Johannes W G Jacobs,® Laure Gossec
Désirée van der Heijde

ABSTRACT

Objective To assess which definition of remission best
predicts good radiographic outcome (GRO) and good
functional outcome (GFO) in rheumatoid arthritis, focusing
the updated American College of Rheumatology/European
Alliance of Associations for Rheumatology criteria.
Material and methods Meta-analyses of individual
patient data (IPD) from randomised controlled trials (RCTSs).
Six definitions of remission were considered: (1) Boolean
with Patient Global Assessment (PGA)<1 (Boolean); (2)
Simplified Disease Activity Index (SDAI)<3.3; (3) Clinical
Disease Activity Index (CDAI)<2.8; (4) Boolean with PGA<2
(Updated-Boolean); (5) Boolean with Physician Global
Assessment (PhGA<1) replacing PGA (Boolean-PhGA) and
(6) Boolean excluding PGA (3VBoolean). GRO was defined
as a worsening <0.5 units in radiographic score and GFO
as a no worsening in Health Assessment Questionnaire
(HAQ), that is, AHAQ-DI<0.0 units. Relationships between
each remission definition at 6 and/or 12 months and GRO
and GFO during the second year were analysed. Pooled
probabilities for each outcome for each definition and their
predictive accuracy were estimated.

Results IPD from eight RCTs (n=4423) were analysed.
Boolean, SDAI, CDAI, Updated-Boolean, Boolean-PhGA
and 3VBoolean were achieved by 24%, 27%, 28%,
32%, 33% and 43% of all patients, respectively. GRO
among patients achieving remission ranged from 82.4%
(3VBoolean) to 83.9% (SDAI). 3VBoolean showed the
highest predictive accuracy for GRO: 51.1% versus
38.8% (Boolean) and 44.1% (Updated-Boolean). The
relative risk of GFO ranged from 1.16 (Boolean) to 1.05
(3VBoolean). However, the proportion of GFO correctly
predicted was highest for the 3VBoolean (50.3%) and
lowest for the Boolean (43.8%).

Conclusion 3VBoolean definition provided the most
accurate prediction of GRO and GFO, avoiding the risk

of overtreatment in a substantial proportion of patients
without increment in radiographic damage progression,
supporting the proposal that 3VBoolean remission is
preferable to guide immunosuppressive treatment. The
patient’s perspective, which must remain central, is best
served by an additional patient-oriented target: a dual-
target approach.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= In2011,a combined American College of Rheumatology
(ACR)/European  Alliance  of  Associations  for
Rheumatology (EULAR) initiative established the
Simplified Disease Activity Index and the Boolean defini-
tions of remission as the most adequate for clinical trials
in rheumatoid arthritis (RA) and, together with Clinical
Disease Activity Index, for clinical practice.

= Prior research has demonstrated that a Patient Global
Assessment (PGA)<1 is the single most important factor
impeding patients with RA from achieving remission.
This near-remission status, which affects around 20%
of all patients with RA in randomised controlled trials
(RCTs) and practice cohorts, does not reflect subclinical
inflammation and is not associated with increased ra-
diographic damage accrual, thus putting patients at risk
of immunosuppressive overtreatment.

= In 2022, a new definition considering PGA<2 as
a criterion of remission was established by ACR/
EULAR.

WHAT THIS STUDY ADDS

= This study shows that the rates of good radiographic
outcome (GRO)—the ultimate objective of remis-
sion—associated with six different definitions were
similar, but the rates of remission and thus, putative
recommendations for incremental immunosuppres-
sion vary substantially.

= The 3VBoolean remission definition (excluding PGA)
results in the highest rate of remission and provides
the most accurate predictor of both GRO and good
functional outcome.

= Compared with the Boolean and Updated-Boolean,
the use of the 3VBoolean remission definition would
avoid therapy escalation in 19% and in 11% of all
these patients, respectively, without an increase in
radiographic damage.

INTRODUCTION
The current paradigm of rheumatoid arthritis
(RA) management is epitomised by the
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HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR
POLICY

= The 3VBoolean seems the most appropriate target definition to
guide immunosuppressive therapy in clinical practice and to val-
ue medications in RCTs. Remission of impact (non-inflammatory
disease burden) should be pursued in parallel, using informative
patient-oriented targets: a dual-target approach.

treat-to-target (T2T) strategy, implying regular assess-
ment of disease activity and treatment intensification with
immunosuppressive drugs that have a disease-modifying
anti-inflammatory effect (ie, disease-modifying anti-
rheumatic drugs (DMARDs)), as needed to ensure that
the target of remission (or at least low disease activity) is
achieved as early and consistently as possible.'™

In 2011, a joint initiative by the American College of
Rheumatology (ACR) and the European Alliance of
Associations for Rheumatology (EULAR) established two
provisional definitions of remission as the most adequate
for use in clinical trials and clinical practice®: a Simplified
Disease Activity Index (SDAI)<3.3, or a Boolean-based
definition requiring that swollen and tender 284joint
counts (SJC28 and TJC28), C reactive protein (CRP, mg/
dL) and the Patient Global Assessment (PGA) of disease
activity on a scale of 0-10 (=worst) are all <I. A third defi-
nition, a Clinical Disease Activity Index (CDAI)<2.8 was
also considered acceptable for clinical practice. Although
these remission criteria were designed primarily for clin-
ical trials, they have also been adopted as the primary
target in treatment recommendations,” *° thus influ-
encing clinical practice at a global level.

Opver the last years, the inclusion of PGA in the target
definitions and its cut-off in the Boolean criteria have
raised controversy. PGA is only weakly correlated with
disease activity” and essentially represents a measure of
disease impact: pain, function, comorbidity, anxiety and
depression are its strongest correlates.”® Scoring PGA >1
is, by far, the most frequent reason why patients fail to
meet Boolean remission criteria due to a single criterion.
This, herein called ‘PGA-near-remission’ status has been
shown to occur approximately in 1 of every 5 patients
with RA, both in clinical trials and observational studies,
representing 40%—60% of all patients otherwise in remis-
sion.” '’

These patients are put at risk of overtreatment with
immunosuppressive therapy as they are free of (signs
of) clinical or subclinical inflammation."’™"® Based
on individual patient data (IPD) meta-analysis from
11 randomised clinical trials (RCTs), we have shown
that a PGA score >1 in patients who otherwise meet
the Boolean remission criteria is not associated with
increased radiographic joint damage accrual. Excluding
PGA from the Boolean remission definition significantly
improved its accuracy as a predictor of structural damage
and physical function, and thus as a tool for guiding
immunosuppression.'*

Recently, the ACR/EULAR Boolean definition of
remission has been changed by setting the PGA criterion
cut-off at <2," ' with the stated objective of increasing
its agreement with SDAI-based remission criteria.'® It has
also been hypothesised that PGA might be better substi-
tuted by the Physician’s Global Assessment (PhGA) of
disease activity, based on its correlation with objective
measures of inflammation, sensitivity to change and
ability to correct for common confounders, such as infec-
tion and patient-reported outcomes.'

Therefore, we aimed to expand our previous study,
and to test these newly proposed remission definitions,
by assessing their impact on the rate of remission and
its association with good radiographic and functional
outcomes, the ultimate goals of T2T immunosuppressive
therapy.

METHODS
Design and study selection
This was an IPD meta-analysis of published RCTs selected
through a systematic literature review, as described else-
where.” RCTs were included if testing the efficacy of
biological DMARDs (bDMARDs) on >2 year radiographic
outcomes in patients fulfilling the 1987 ACR or the 2010
ACR/EULAR criteria for RA,* * with clinical, radio-
graphic and functional data collection at baseline, 6, 12
and 24 months. RCTs with <2 years of follow-up, testing
DMARD:s dose spacing or suspension were excluded.
Only RCTs with available IPD were included in this
analysis.

Outcomes and remission definitions

Primary outcome

The primary outcomes were (1) the percentage of indi-
viduals with good radiographic outcome (GRO), defined
as a change (A) <0.5 units in the van der Heijde modi-
fied total Sharp score (mTSS) during the second year of
follow-up (ie, between months 12 and 24 of the trial) with
the different definitions and (2) predictive accuracy of
each definition for GRO. This 0.5 cut-off of GRO was
preferred over the one used in the original ACR/EULAR
study (AmTSS<0.0) because 0.5 is considered the optimal
cut-off if the average of two readers is used.?®?’

Secondary outcome

The secondary outcomes were the percentage of individ-
uals with good functional outcome (GFO), defined as no
worsening, that is, AHAQ<0.0 units in the Health Assess-
ment Questionnaire-Disability Index (HAQ-DI) during
the second year of follow-up (ie, between months 12 and
24 of the trial) and the predictive accuracy for GFO. We
preferred this definition of GFO over the one used in
the ACR/EULAR publication (AHAQ<0and HAQ<0.5
at both time points),4 which is believed to be too strict,
as it represents a better outcome than expected for the
general population.’
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Comparisons: definitions of remission

Six definitions of remission were assessed at 6 and 12

months in each RCT:

1. Boolean (reference): original 2011 ACR/EULAR
Boolean definition: TJC28<1, SJC28<1, CRP (mg/
dL)<land PGA<1.*

. SDALremission: SDAI<3.3.***

. CDAI-remission: CDAI<2.8.% %

4. Updated-Boolean: the 2022 ACR/EULAR Boolean

definition, only changing the Boolean in PGA<2.'®

5. Boolean-PhGA: only replacing the PGA criterion by

PhGA<I.

6. 3VBoolean: TJC28<1, SJC28<1, CRP<1 mg/dL, that is,

excluding the PGA.

These definitions are not mutually exclusive: patients
may simultaneously meet several of them, for example,
all patients in Boolean remission are also in updated-
Boolean and in 3VBoolean, but the reverse is not true.

‘For the primary analysis, each patient was classified
as being in ‘remission’ if the corresponding remission
criteria were satisfied at either the 6 months and/or the
12 months timepoints (ie, if a patient was in remission
at 6 months, OR at 12 months OR at both time-points).
We decided to use this composite timeframe of 6 and/
or 12 months for remission to align with the original
ACR/EULAR consensus work on the remission criteria.*
Patients were classified according to the most stringent
definition they satisfied (for instance, if a patient was in
4V-near-remission at 6 months and in 4V-remission at 12
months, he/she was classified as in 4V-remission).

0o N

Data analyses and synthesis

Missing data were not imputed. We initially analysed
each trial separately, irrespective of the treatment arm,
to determine (1) the rate of remission per definition; (2)
the rate of GRO and GFO for each definition; (3) rates of
true positive (TP), thatis, remission and GRO/GFO, true
negative (TN), that is, non-remission and non-GRO/
GFO, false positive (FP), thatis, remission and non-GRO/
GFO and false negative (FN), that is, non-remission and
GRO/GFO; (4) accuracy as the percentage of patients
with a correct prediction of having or not having GRO
and GFO (TP+TN/(TP+TN+FP+FN));** *' (5) the rela-
tive risk (RR) (with 95% CI) of obtaining GRO and GFO
for patients in remission versus non-remission for each
definition; (6) the positive (LR+) and negative (LR-)
likelihood ratios of meeting GRO and GFO as outcomes
of each definition of remission. These were calculated
based on the TP, TN, FP and FN results.

Synthesis: meta-analyses

Direct comparison of the results of different remission
definitions is impossible because definitions are not
mutually exclusive. All results obtained from individual
trials, as described above, were meta-analysed with
the OpenMeta(Analyst) software (V.10.12), using the
double arcsine transformation®® and the DerSimonian-
Laird random-effects method. For the meta-analysis of

likelihood ratios, we employed the hierarchical regres-
sion analysis of diagnostic data.”® The I* of Higgins was
calculated to quantify heterogeneity.** We also calculated
the Net Reclassification Index (NRI).*® An explanation of
NRI and its results can be found in online supplemental
file 2.

Sensitivity analysis

Mean radiographic change and percentage of patients
with a radiographic change >5 (considered high progres-
sion), both during the second year of follow-up (ie,
from months 12 to 24), were also assessed as outcomes
of mutually exclusive Boolean remission states to enable
direct comparison. These states were Boolean remission,
PGA-Near-Remission (3VBoolean+PGA>1) and 3V-Non-
remission (SJC28>1 AND/OR TJC28>1 AND/OR CRP>1
mg/dL), at 6 and/or 12 months in all cases.

RESULTS

Studies and participants

From the total of identified studies (n=27), only 8
RCTs"™ were included in the final analyses. Reasons
for non-inclusion of 16 RCTs were reported in a prior
report,” and 3 studies, all testing golimumab, were now
also excluded because data were not made available
anymore in the same platform. Similar rates of remis-
sion, GRO and GFO were observed in the current and
our previous report with 11 RCTs. These trials included
patients with varying disease duration, most having estab-
lished disease and inadequate response to methotrexate
(table 1).

Among the 6392 patients included in the eight trials,
1969 patients were excluded because of missing informa-
tion on the remission definition and/or on the primary
outcome. Characteristics of the included patients
(n=4423) and trials are described in table 1. Excluded
patients had slightly higher age, and higher PGA, PhGA
and HAQ scores at baseline than included patients
(online supplemental table S1).

Frequency of remission status and good outcomes

Taking all treatment arms together, the pooled meta-
analytic percentage of remission at 6 and/or 12 months
was 24.3% using the Boolean definition, 27.3% for SDAI,
27.9% for CDAI, 32.4% for Updated Boolean, 33.3% for
Boolean-PhGA and 43.4% for 3VBoolean (table 2). GRO
was observed in 77.6% of all patients, ranging from 65%
to 91% in different trials, and GFO in 70.5% (65.4% to
76.3%), table 2.

Association between remission status and good outcomes

Among patients who met the respective remission defi-
nition, GRO percentages varied from 82.4% for the
3VBoolean definition to 83.9% for SDAI, without statis-
tically significant differences between the six definitions.
For patients not in remission, GRO rate varied from
72.4% to 76.3% (table 3). The rates of GRO in remis-
sion versus those in non-remission were statistically
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Table 3 Frequency of good radiographic (n=4423) and functional (n=3873) outcomes in patients in remission versus those

not in remission, for each definition

Definition

GRO, AmTSS<0.5

GFO, AHAQ<0

Boolean Remission
Non-remission
SDAI Remission
Non-remission
CDAI Remission
Non-remission
Updated-Boolean Remission
Non-remission
Boolean-PhGA Remission
Non-remission
3VBoolean Remission

Non-remission

83.1(77.9 to 88.3
76.3 (69.6 to 83.0
83.9 (79.0 to 88.7
75.6 (68.8 to 82.3
83.1 (7.9 t0 88.3
75.7 (68.8 t0 82.6
82.8 (77.7 to 88.0
75.3 (68.7 to 82.0
83.1(78.5 to 87.7
75.3 (68.5 to 82.1

77.4 (74 to 80.9)

67.2 (64 to 70.3)

76.3 (72.5 to 80.1)
68.1 (65.7 to 70.5)
76.0 (72.1 to 80.0)
68.1 (65.7 to 70.5)
73.8 (69.2 to 78.4)
68.6 (66.2 to 70.9)
74.8 (71.5 t0 78.0)
68.2 (65.5 to 70.9)

72.7 (69.2 to 76.3)

69.2 (66.0 to 72.3)

)
)
)
)
)
)
)
)
)
)
)
72.4 (67.7 10 77.2)

(
82.4 (77.5t0 87.3
(

Boolean-remission: 2011 ACR/EULAR Boolean definition: TJC28<1, SJC28<1, CRP (mg/dL)<1 and PGA<1; SDAI-remission: SDAI<3.3; CDAI-
remission: CDAI<2.8; Updated-Boolean remission: 2022 ACR/EULAR Boolean definition, with PGA<2.0; Boolean-PhGA-remission: TJC28<1,
SJC28<1, CRP<1 mg/dL and PhGA<1; 3VBoolean-remission: TJC28<1, SJC28<1, CRP<1 mg/dL.

ACR, American College of Rheumatology; CDAI, Clinical Disease Activity Index; CRP, C reactive protein; EULAR, European Alliance of Associations
for Rheumatology; GFO, good functional outcome; GRO, good radiographic outcome; PGA, Patient Global Assessment; PhGA, Physician’s Global
Assessment; SDAI, Simplified Disease Activity Index; SJC28, swollen 28-joint counts; TJC28, tender 28-joint counts; AHAQ, change in Health
Assessment Questionnaire; AmTSS, change in the modified total Sharp score.

significantly different for all definitions. However, due
to the small absolute differences, relative risk ratios were
low, ranging from 1.09 to 1.10 (figure 1).

Among patients with non-GRO, the mean radiographic
progression during the second year of follow-up was 3.2
(95% CI: 2.6 to 3.9) with 15.8% of these patients having a
AmTSS>5 (data not shown).

GFO in patients who met the respective remission
definition varied from 72.7% (3VBoolean) to 77.4%
(Boolean), the difference between these two being statis-
tically significant (p=0.02), table 3. Patients meeting a
remission definition had a statistically significant higher
probability of achieving GFO when compared with
patients in non-remission, irrespective of the definition
used. Risk ratios varied from 1.05 to 1.16, being higher
for definitions including PGA (online supplemental
figure S1).

Likelihood ratios of GRO and GFO for the different remission
definitions
The likelihood ratio of having good radiographic
outcome with versus without remission (LR+) was the
highest (ie, clinically desirable) for SDAI (1.41) and
lowest for the 3VBoolean definition (1.29). There was,
however, an overlap between the 95% CI for all defini-
tions. Conversely, the likelihood of having GRO in the
absence of remission (LR-) was lower (desirable) for
3VBoolean (0.85) and higher for Boolean-PhGA and
Updated-Boolean remission (0.88 and 0.89, respectively).
LR~ was not statistically significant different for Boolean,
CDAI and SDAI remission (table 4).

LR+ forGFO was highest with Boolean (1.34), and
lowest with 3VBoolean-remission (1.08). LR- (GFO not

being inf remission) only reached statistical significance
for Boolean-PhGA (0.88) and SDAI remission (0.89).
There were large overlaps between 95% CI between defi-
nitions, in all cases.

Accuracy of prediction

The percentage of patients whose GRO was accurately
predicted on the basis of remission status (TP+TN) was
low with all definitions, varying from 38.8% (Boolean)
to 51.1% (3VBoolean); the remaining definitions
performed intermediately (table 5). The accuracy
percentages of SDAI and CDAI were 41.5% and 41.1%;
those of Boolean-PhGA and Updated-Boolean 44.8%
and 44.1%, respectively. The higher accuracy of 3V
remission is essentially a result of a substantially lower
FN%, that is, patients who failed remission but still had
GRO.

The percentage of correctly predicted GFO was again
highest for the 3VBoolean (50.3%) and lowest for
Boolean (43.8%); the remaining definitions performed
intermediately (online supplemental table S2).

Sensitivity analysis

The mean meta-analysed radiographic change (AmTSS)
during the second year of follow-up was calculated in
mutually exclusive Boolean-based remission states, to
enable direct comparison: Boolean: 0.17, PGA-Near-
Remission (3VBoolean-remission+PGA>1): 0.17 and
3V-Non-remission (SJC28 AND/OR TJC28 AND/OR
CRP>1): 0.64. The percentage of patients with a radi-
ographic change >5 was 1.5%, 2.5% and 4.5%, respec-
tively, see online supplemental table S3.
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Figure 1

arthritis

Meta-analysis of risk ratio of obtaining good radiographic outcome (AmTSS<0.5) for patients in remission versus

non-remission, per definition. (A) Boolean remission; (B) SDAI remission; (C) CDAI remission; (D) Updated-Boolean remission;
(E) Boolean-PhGA remission and (F) 3VBoolean remission. CDAI, Clinical Disease Activity Index; GRO, good radiographic
outcome; AmTSS, change in the modified total Sharp score; PhGA, Physician’s Global Assessment; SDAI, Simplified Disease

Activity Index.
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Table 4 Meta-analysed likelihood ratios (95% ClI) for good radiographic (n=4423) and functional (n=3873) outcomes for the

different definitions of remission

GRO, AmTSS<0.5 GFO, AHAQ<0
1> LR+ 1> LR+
Remission definition LR+ LR- 1> LR- LR+ LR- 1> LR-
Boolean 1.34 (1.07 to 1.68) 0.92 (0.80t0 1.06)  56% 1.34(1.15t0 1.54)  0.90 (0.79t01.02)  21%
0% 0%
SDAI 1.41 (1.13 10 1.74) 0.90 (0.79t0 1.03)  67.9% 1.26 (1.13t0 1.41)  0.89(0.80t00.99)  2.3%
0% 0%
CDAI 1.34 (1.05 to 1.71) 0.93 (0.83t0 1.05)  69.6% 1.27 (1.06t0 1.52)  0.92 (0.83 to 1.03) 1.8%
0% 0%
Updated-Boolean 1.33 (1.13t0 1.57) 0.89 (0.79t0 0.99)  45.6% 1.16 (1.03 to 1.3) 0.91(0.83t0 1.01)  23.4%
0% 0%
Boolean-PhGA 1.32 (1.16 to 1.50) 0.88 (0.78 to 0.98) 12.5% 1.19 (1.08t0 1.30)  0.88 (0.80 to 0.96) 16.7%
0% 0%
3VBoolean 1.29 (1.11 to 1.49) 0.85(0.76t0 0.95)  57.9% 1.08 (1.0t0 1.18) 0.94 (0.88 to 1.02) 17.6%
29.1% 0%

LR+: positive likelihood ratio, sensitivity/(1-specificity); LR—: negative likelihood ratio, (1-sensitivity)/specificity; AmTSS: change in the modified total
Sharp score during the second year of follow-up, AHAQ-DI: change in Health Assessment Questionnaire-Disability Index; I*: I? of Higgins to quantify

heterogeneity.

Boolean-remission: 2011 ACR/EULAR Boolean definition: TUC28<1, SJC28<1, CRP (mg/dL) <1and PGA<1; SDAI-remission: SDAI<3.3; CDAI-
remission: CDAI<2.8; Updated-Boolean remission: 2022 ACR/EULAR Boolean definition, with PGA<2.0; Boolean-PhGA-remission: TJC28<1,
SJC28<1, CRP<1mg/dL and PhGA<1; 3VBoolean-remission: TJC28<1, SJC28<1, CRP<1mg/dL.

ACR, American College of Rheumatology; CDAI, Clinical Disease Activity Index; CRP, C reactive protein; EULAR, European Alliance of Associations
for Rheumatology; GFO, good functional outcome; GRO, good radiographic outcome; LR+, positive likelihood ratio; LR—, negative likelihood ratio;
PGA, Patient Global Assessment; PhGA, Physician’s Global Assessment; SDAI, Simplified Disease Activity Index; SJC28, swollen 28-joint counts;
TJC28, tender 28-joint counts; AHAQ, change in Health Assessment Questionnaire; AmTSS, change in the modified total Sharp score.

DISCUSSION

In our previous study, we showed that omitting PGA
from the original 2011 ACR/EULAR Boolean definition
(Boolean) increased its validity in guiding RA immuno-
suppressive therapy.” This present study, including data
from 8 out of 11 previous RCTs, confirms and expands
these findings by showing that the probabilities of GRO
as outcome of all six different constructs of remission,
including the 2022 ACR/EULAR Boolean definition
(Updated-Boolean) and the Boolean-PhGA, are very
similar (82.4% to 83.9%). In contrast, the percentages
of patients meeting each of the six remission constructs
vary considerably, from 24.3% (Boolean) to 43.4%
(3VBoolean). These results clearly illustrate that the
adoption of the 3VBoolean definition as a treatment
target would avoid unnecessary increments of immuno-
suppressive therapy, that is, additional treatment without
further reduction in structural damage, in a substantial
proportion of patients in comparison to all five alterna-
tive definitions. It should be noted that meeting even the
strictest definition (Boolean) does not guarantee radio-
graphic stability: 16.9% of these patients still have some
progression, although modest.

Although all remission definitions perform poorly
as predictors of the outcome GRO, correct classifica-
tion (TP+TN) rates varied from 38.8% with Boolean to
51.1% with 3VBoolean definition, with an intermediate
rate of 44.1% for Updated-Boolean. Substituting PGA by
PhGA (Boolean-PhGA) would result in an overall perfor-
mance similar to that of updated-Boolean, in all aspects
examined.

These data must be considered in the context of the
included clinical trials in our research with an average
percentage of GRO as high as 77.6%, including all treat-
ments and both arms in each trial. This is in agreement
with the trend for lower progression of joint damage
observed in recent decades,” *” and supports the argu-
ment for a less stringent definition of the treatment
target, in addition to arguments of costs and risks of
(unnecessary) medication.* **

Results regarding GFO show a similar trend. GFO was
observed in 70.5% of all participants and the ability of the
different definitions of remission to predict this outcome
was generally poor. However, our results must be inter-
preted considering that we decided to define GFO as no
deterioration in HAQ without demanding a maximum
HAQ of 0.5 at the end of the follow-up, as required in
the ACR/EULAR original study.* We believe that is more
appropriate for populations with longstanding RA, as
the one included in this study. The ACR/EULAR defi-
nition has been considered too demanding, even for the
general population.* We wanted, otherwise, to keep the
definition closest to the ACR /EULAR, allowing people
with no change to be considered as having GFO. Most
people with active disease under effective treatment will
have some improvement in HAQ.

The definitions including the PGA have a higher
positive likelihood of good functional outcomes, which
may militate against the remotion of PGA from Boolean
remission. However, it is important to notice the strong
correlation between PGA and selfreported function,
irrespective of disease activity,’®'” as well the influence
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Table 5 Meta-analytic pooled prediction accuracy of different remission status for the good radiographic (GRO, n=4423)

outcomes
Updated-Boolean
Boolean remission remission
Yes No Total Yes No Total
GRO, Yes 2037° 57.2™ 77.6 GRO, Yes 27.07° 50.5 ™ 77.6
AmMTSS<0.5 (14.7-25.9) (51.9-62.5) (71.4-83.9) AMTSS<0.5 (20.6-33.5) (45.6-55.3) (71.4-83.9)
No 39 184 ™ 22.4 No 53F 17.0™ 22.4
(2.9-4.9) (12.4-24.1) (16.1-28.6) (4.0-6.5) (11.6-22.3) (16.1-28.6)
Total 24.3 75.7 38.8 Total 32.4 67.6 44.1
(18.4-30.2) (69.8-81.6) (34.1-43.5) (25.8-39.0) (61.0-74.2)  (39.9-48.5)
SDAI remission Boolean-PhGA
remission
Yes No Total Yes No Total
GRO, Yes  23.0" 545 M 77.6 GRO, Yes 27.8T° 49.7 ™ 77.6
AMTSS<0.5 (16.5-29.5) (49.2-59.8) (71.4-83.9)  AmTSS<0.5 (20.5-35.1)  (44.0-55.4) (71.4-83.9)
No 42 18.3 ™ 22.4 No 53F g™ 22.4
(8.0-5.3) (12.3-24.3) (16.1-28.6) (8.9-6.7) (11.3-22.4) (16.1-28.6)
Total 27.3 72.7 41.5 Total 33.3 66.7 44.8
(20.4-34.2) (65.8-79.6) (37.1-48.5) (25.3-41.3) (58.7-74.7)  (40.1-49.4)
CDAI remission 3VBoolean remission
Yes No Total Yes No Total
GRO, Yes 232" 54.2 N 77.6 GRO, Yes 36.0™ 415 ™ 77.6
AMTSS<0.5 (17.1-29.4) (48.7-59.7) (71.4-83.9) AmTSS<0.5 (28.3-43.7)  (36.8-46.1)  (71.4-83.9)
No 45 17.7 ™ 22.4 No 73F 150 ™ 22.4
(3.2-5.8) (12.0-23.4) (16.1-28.6) (5.6-8.9) (9.9-20.0)  (16.1-28.6)
Total 27.9 721 41.1 Total 43.4 56.6 51.1

(21.4-34.4) (65.6-78.6) (36.5-45.6)

(35.8-50.9)  (49.1-64.2)  (46.7-55.6)

The sum of meta-analytic percentages is slightly less than 100% due to error estimations of multi-category prevalence. The double
arcsine transformation is the preferred method in all meta-analyses used.®°

Accurately predicted=TP+TN. Between brackets is the pooled 95% ClI.

CDAI, Clinical Disease Activity Index; FN, false negative; FP, false positive; GRO, good radiographic outcome; SDAI, Simplified Disease
Activity Index; TN, true negative; TP, true positive; AmTSS, change in the modified total Sharp score.

of several factors besides disease activity on function,
including pain, ageing, comorbidities and socioeconomic
status,M_47 which are not amenable to immunosuppres-
sive therapy. Moreover, likelihood ratios of patients for
the outcome GFO for updated Boolean and 3VBoolean
remission were not statistically significantly different,
the latter being associated with the highest accuracy in
the prediction of GFO, although it was only 50.3%. All
these findings, associated with well-known limitations of
PGA,* support our proposal to remove PGA from the
assessment of disease activity used to guide immunosup-
pressive therapy.

The findings of this study must be considered in light
of some limitations and strengths. The use of IPD of over
4000 patients and their inclusion in stringent RCT condi-
tions are important strengths. This study does not include
the newest RCTs, particularly considering new drugs such
as Jak inhibitors, but the RCTs included were similar to the
ones used by ACR/EULAR task forces.'®1® The definition
of remission was based only on two timepoints (6 and/or
12 months), mirroring the ACR/EULAR methodology. It
is always debatable which time points should be chosen

when analysing longitudinal data and exploring a link
between an earlier time pointand alater one. Since disease
activity varies and data collection is usually discontinuous,
an arbitrary decision must be made. In the present work,
we chose to use status at 6 and/or 12 months as our binary
definition of remission because this was the definition
initially used by ACR/EULAR to develop the remission
criteria.* Other analyses with more repeated and closely
spaced assessments would be valuable, but they are not
currently feasible with existing datasets. Data were derived
from RCTs, which may question the applicability of the
results to real-world patients. Recognisably, retrospective
data obtained from RCTs do not necessarily apply to real-
world clinical settings, especially taking into account the
strict inclusion/exclusion criteria of RCTs. Furthermore,
our finding that a specific remission state is associated
with better outcomes does not mean that aiming at this
specific remission state would result in better treatment
outcomes. An observational study, with data from an early
disease cohort, showed similar results to current ones,51
but our observations need further prospective evaluation
in clinical settings.
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In some RCTs,*”® * % patients may have changed or
intensified treatment after 12 months if remission was
not achieved: the potential impact of these changes on
the outcome is not accounted for. Our study was designed
to evaluate the predictive capacity of each definition of
remission for GRO and GFO and not its ability to discrim-
inate between active treatment and placebo. Therefore,
our data were analysed regardless of the treatment arm,
which could have some impact, although probably minor,
on the results. The included trials differ in baseline char-
acteristics, namely disease duration and treatment, that
may influence the outcomes. In our study, subgroup
analyses were not performed because the current use of
a target to guide therapy requires the use of a broad defi-
nition capable of serving the diverse populations seen
in clinical practice, as opposed to the specific inclusion
criteria used in individual RCTs. However, we have previ-
ously shown that these baseline features and the treatment
arm do not significantly change the significant conclu-
sions of such analyses.” There is evidence that bDMARDs
are associated with more suppression of radiographic
progression, compared with MTX, at comparable levels
of disease activity.”® There are also strong suggestions that
individual bDMARDs and tsDMARDs may have differen-
tial effects not only on bone destruction but also on pain
or fatigue, independent of the control of inflammation.”®
These differences may, naturally, have a diverse influence
on remission rates, with different definitions and their
relationship with radiographic and functional outcomes.
The same is true regarding disease duration at treatment
initiation.”* These factors deserve to be the object of
future studies gathering large numbers of patients with
early and later diseases treated with different agents. It
should be noted, however, that these differences suggest,
if anything, that aiming atless strict remission states would
also be adequate from the structural and functional point
of view, in line with our study conclusions.

It should be noted that 31% of patients were excluded
due to missing data. These patients had higher mean
PGA and HAQ-DI scores, but they were not significantly
different with regard to other factors known as relevant
for radiographic outcomes, such as joint counts, CRP,
rheumatoid factor positivity and disease duration. This
makes it unlikely, though not impossible, that the exclu-
sion of these patients may have relevantly changed the
relationship we found between disease activity status and
the outcomes under consideration.

Our findings have important implications for clinical
practice. Real-world data regarding the actual incidence
and consequences of overtreatment in trials and current
practice are scarce and debatable.'”* In the current data
set, this risk would affect 11.1% to 19.3% of all patients:
the extra patients classified as (possibly) needing to
intensify treatment (ie, not being in remission) by the
different definitions of remission versus 3v-remission. We
believe these findings raise important questions on over-
treatment in the context of the efficacy/safety balance
of currently available drugs. These patients could see

their treatment intensified despite gaining no further
inhibition of radiographic progression. The concern
addressed in our paper is that current treatment recom-
mendations may actually favour overtreatment by recom-
mending additional immunosuppression to patients
whose inflammatory process is already under control.
This study further supports our previous proposal that
using the 3VBoolean remission, that is, excluding PGA,
might significantly reduce the risk of overtreatment, as
enticed by the current treatment recommendations and
deserves further evaluation, preferably in a clinical trial,
as target to guide immunosuppressive treatment.

This proposal has been criticised on the basis that
it would ignore the patient’s perspectives and needs.
However, reducing the risk of unnecessary therapy is
certainly addressing important patients’ needs. Further-
more, we proposed that the 3VBoolean definition is
adopted in the context of a Dual-Target strategy, that is,
pursuing, in parallel, a second target focused on disease
impact from the patient’s perspective.’ 7 These two
targets are not strictly independent: pursuing remis-
sion will also substantially decrease disease impact in
most, though not all, patients. If impact is not substan-
tially reduced once patients achieve or approach biolog-
ical remission, special attention should be given to the
unabated domains of disease impact.”® These are not
made clear by the use of PGA: a more detailed and
informative tool would be required. The EULAR’s RA
Impact of Disease, particularly considering each of its
seven numerical rating scales separately,” seems partic-
ularly well positioned to serve this purpose, but other
Patient Reported Outcome Measures (PROMs) could be
considered.

In conclusion, this study suggests that among six defini-
tions of remission, including the original and the updated
ACR/EULAR Boolean definitions, the 3VBoolean remis-
sion definition may deserve preference as a target guide
for immunosuppressive therapy in a T2T strategy. In fact,
it would likely reduce the risk of overtreatment attribut-
able to PGA, without increasing the occurrence of rele-
vant radiographic damage (or functional impairment).
Diminishing disease impact from the patient’s perspec-
tive is best served by a dedicated independent treatment
target pursued in parallel. This is the core of the Dual-
Target strategy. We believe it deserves to be further tested,
preferably in a clinical trial.
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