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ABSTRACT
Objectives To determine the impact of excluding 
patient global assessment (PGA) from the American 
College of Rheumatology (ACR)/European League 
Against Rheumatism (EULAR) Boolean remission criteria, 
on prediction of radiographic and functional outcome of 
rheumatoid arthritis (RA).
Methods Meta- analyses using individual patient data 
from randomised controlled trials testing the efficacy 
of biological agents on radiographic and functional 
outcomes at ≥2 years. Remission states were defined 
by 4 variants of the ACR/EULAR Boolean definition: (i) 
tender and swollen 28- joint counts (TJC28/SJC28), C 
reactive protein (CRP, mg/dL) and PGA (0–10=worst) 
all ≤1 (4V- remission); (ii) the same, except PGA >1 
(4V- near- remission); (iii) 3V- remission (i and ii combined; 
similar to 4V, but without PGA); (iv) non- remission 
(TJC28 >1 and/or SJC28 >1 and/or CRP >1). The 
most stringent class achieved at 6 or 12 months was 
considered. Good radiographic (GRO) and functional 
outcome (GFO) were defined as no worsening (ie, 
change in modified total Sharp score (ΔmTSS) ≤0.5 
units and ≤0.0 Health Assessment Questionnaire–
Disability Index points, respectively, during the second 
year). The pooled probabilities of GRO and GFO for the 
different definitions of remission were estimated and 
compared.
Results Individual patient data (n=5792) from 11 trials 
were analysed. 4V- remission was achieved by 23% of 
patients and 4V- near- remission by 19%. The probability 
of GRO in the 4V- near- remission group was numerically, 
but non- significantly, lower than that in the 4V- remission 
(78 vs 81%) and significantly higher than that for 
non- remission (72%; difference=6%, 95% CI 2% to 
10%). Applying 3V- remission could have prevented 
therapy escalation in 19% of all participants, at the 
cost of an additional 6.1%, 4.0% and 0.7% of patients 
having ΔmTSS >0.0, >0.5 and >5 units over 2 years, 
respectively. The probability of GFO (assessed in 8 trials) 
in 4V- near- remission (67%, 95% CI 63% to 71%) was 
significantly lower than in 4V- remission (78%, 74% to 
81%) and similar to non- remission (69%, 66% to 72%).
Conclusion 4V- near- remission and 3V- remission have 
similar validity as the original 4V- remission definition in 
predicting GRO, despite expected worse prediction of 
GFO, while potentially reducing the risk of overtreatment. 
This supports further exploration of 3V- remission as the 
target for immunosuppressive therapy complemented by 
patient- oriented targets.

Key messages

What is already known about this subject?
 ► Few previous studies compared the prediction 
of good structural and functional outcomes 
between patients who fulfilled all four 
criteria of the current American College of 
Rheumatology/European League Against 
Rheumatism Boolean- based definition of 
remission (‘4V- remission’) versus those who 
attained only three (‘3V- remission’), that is, 
excluding patient global assessment (PGA). 
No significant differences were found, but the 
two groups of patients evaluated significantly 
overlap.

What does this study add?
 ► This was the first study comparing these 
outcomes between patients achieving 4V- 
remission (23%) and those missing this status 
due solely to PGA above 1/10 (4V- near- 
remission) (19%). It is based on individual 
patient data meta- analysis of 11 recent  
clinical trials in rheumatoid arthritis (5792 
patients).

 ► The rate of good radiographic outcome (≤0.5 
units progression over the second year) was 
numerically higher in patients in 4V- remission 
(81%; 95% CI 74% to 87%) than in those in 
4V- near- remission (78%; 95% CI 69% to 86%), 
but the difference is not statistically  
significant.

 ► In this population, if a ‘treat- to- remission’ 
strategy had been applied, the 3V- remission 
definition would have prevented therapy 
escalation in 19% of all patients, at the cost of 
an additional 6.1%, 4.0% and 0.7% of patients 
having a change in modified total Sharp 
score >0.0, >0.5 and >5 units over 2 years, 
respectively.

How might this impact on clinical practice or 
future developments?

 ► These results suggest that the use of 3V- 
remission as the target for immunosuppressive 
therapy, together with a separate assessment of 
disease impact on patient’s lives, a dual target 
approach, deserves further consideration and 
research.
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INTRODUCTION
Disease remission has become the guiding target in the 
management of rheumatoid arthritis (RA), as it conveys the 
best possible outcomes.1 Current treatment recommenda-
tions advise that remission (or at least low disease activity) 
should be attained as soon and as consistently as possible, 
and changes in treatment should be considered when this 
does not happen.2 3

The most influential and authoritative definition of remission was 
published in 2011 under the auspices of the American College of 
Rheumatology (ACR), the European League Against Rheumatism 
(EULAR) and the Outcome Measures in Rheumatology (OMERACT) 
groups.4 A Boolean- based definition was endorsed, and requires that 
scores of tender and swollen 28- joint counts (TJC28 and SJC28), 
C reactive protein (CRP, mg/dL) and patient global assessment of 
disease activity (PGA, 0–10 scale) are all ≤1.4

The inclusion of PGA in the definitions of remission in RA 
was justified because it added predictive value for later good 
radiographic and functional outcomes while conveying the 
much- needed patient’s perspective.4

Despite this, the inclusion of PGA remains controver-
sial.5–9 Using the definitions mentioned previously, studies 
in different clinical practice cohorts10–15 have reported that 
as many as 10%13 to 38%14 of all patients with RA do not 
reach remission solely due to a PGA score >1, a state that 
has become designated as ‘4V- near- remission’.14 16 Moreover, 
it has been demonstrated that PGA bears little relationship 
with markers of the disease process, which drives structural 
damage, rather reflecting pain, fatigue and function.9 17 18 
This is especially evident when analyses are restricted to the 
lower levels of disease activity, in the range where the defini-
tion of remission has a decisive impact on whether to main-
tain or to escalate immunosuppressive treatment. According 
to this perspective, patients in 4V- near- remission would not 
benefit from additional immunosuppression, as this cannot 
be expected to improve their condition or foster remis-
sion,9 17 and are exposed by current recommendations to the 
risk of overtreatment and unjustified side effects.19

These observations have led to the suggestion that the 
patients’ interest would be better served by the adoption of 
two separate complementary targets: the first focused on 
remission of the inflammatory process, guided by an instru-
ment without PGA; the second focused only on patient- 
reported impact measures.9 16 20 However, this proposal 
would not be sustainable if, as suggested in the original ACR/
EULAR/OMERACT paper, removing PGA from the Boolean- 
based remission significantly diminishes its ability to predict 
good radiographic and functional outcome.4 A systematic 
literature review indicated that, among the individual compo-
nents included in the definitions of remission, only swollen 
joints and acute phase reactants are associated with radio-
graphic progression.21 Two other studies, using data from 
a clinical cohort13 and from clinical trials,22 compared the 
prediction of good radiographic outcome by ‘4V- remission’ 
versus ‘3V- remission’ (without PGA) achieved in patients 
with RA: no significant differences were observed, but the 
two groups were not mutually exclusive. No study has ever 
compared the radiographic outcomes between the 4V- remis-
sion and 4V- near- remission groups.

The primary aim of this study was to compare 4V- near- 
remission and 4V- remission regarding their association with 
radiographic damage progression. Secondarily, we aimed 
to explore the impact of using 3V- remission instead of 

4V- remission in patients with RA, both in terms of preva-
lence of remission and association with structural damage 
progression and functional impairment.

METHODS
Design and study selection
This was an individual patient data meta- analysis of published 
randomised controlled trials (RCTs) selected through a systematic 
literature review. The study protocol was registered in PROSPERO 
with the number CRD4201705709923 and published elsewhere.24

RCTs were included if they tested the efficacy of biological disease- 
modifying antirheumatic drugs (bDMARDs) on ≥2- year radio-
graphic outcomes in patients fulfilling the 1987 ACR or the 2010 
ACR–EULAR criteria for RA.25 26 Information on the processes of 
identifying and selecting studies, as well collecting data are reported 
in the protocol.24

Risk of bias assessment of individual studies
Studies selected for retrieval were assessed by two independent 
reviewers (RJOF and MN) for methodological validity prior to inclu-
sion in this review, using the ‘Risk of Bias 2’ tool.27 Any disagree-
ments between the reviewers were resolved through discussion, or 
with a third reviewer (JAPS). The full protocols of the studies were 
consulted, and their authors contacted to request missing or addi-
tional data for clarification, where required.

Specification of outcomes
Primary outcome
The primary outcome of this study was the percentage of individ-
uals with a good radiographic outcome (GRO) during the second 
year of the trial (ie, between month 12 and month 24), defined as 
a change (Δ) ≤0.5 units in the van der Heijde modified total Sharp 
score (mTSS).28

This ≤0.5 cut- off is preferred29–31 over the one used in the ACR/
EULAR pivotal publication (≤0 cut- off) because 0.5 is the optimal 
cut- off if the average of two readers is used,32 as it allows to the very 
minimum difference of 1 unit out of 448 between the two readers.

Secondary outcomes
Two secondary endpoint cut- offs were used to define good radio-
graphic outcome during the second year of the trial:
1. ΔmTSS ≤5 units, a higher, frequently used rate (some-

times referred to as clinically non- relevant radiographic 
progression);

2. ΔmTSS ≤0 units, to allow comparisons with the results ob-
tained in the ACR/EULAR study.4

Also as secondary outcome, we studied the percentage of individ-
uals with a good functional outcome (GFO) during the second year 
of the trial (ie, between month 12 and month 24), defined as no 
worsening, that is, a change (Δ) ≤0.0 units in the Health Assessment 
Questionnaire–Disability Index (HAQ- DI). This definition has been 
preferred over the one used in the ACR/EULAR pivotal publication 
(ΔHAQ ≤0.0 and HAQ ≤0.5 at both time points) because this is 
believed to be too strict, representing a better outcome even than 
expected for general population.4 33 Despite this consideration, this 
definition of GFO was also tested to allow comparison with the orig-
inal ACR/EULAR paper.

Comparisons: mutually and non-mutually exclusive definitions 
of remission
Analyses were based on different definitions of remission states, 
assessed at two time points, 6 months and 12 months, following 
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the methodology adopted by the ACR/EULAR committee,4 as 
follows:

1. ACR/EULAR Boolean- based remission,4 also designated in 
this study as ‘4V- Remission’ (ie, TJC28 ≤1, SJC28 ≤1, CRP ≤1 
mg/dL and PGA ≤1/10).

2. ‘4V- near- remission’,11 14 defined as TJC28 ≤1, SJC28 ≤1, 
CRP ≤1 mg/dL and PGA >1.

3. ‘Non- remission’ defined as TJC28 >1 and/or SJC28 >1 
and/or CRP >1 mg/dL, irrespective of PGA value.

The three definitions are mutually exclusive, that is, each 
patient was categorised in one group only.

4. ‘3V- remission’ defined as TJC28 ≤1, SJC28 ≤1 and CRP 
≤1 mg/dL. This is a combination of 4V- remission and 4V- near- 
remission—patients classified in 4V- remission also meet the 
3V- remission criteria (figure 1).

All definitions of remission were considered fulfilled if they 
were achieved at 6 or 12 months’ follow- up and 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).

Data analysis and synthesis
Data analysis
All ‘primary’ analyses were performed with SAS software 
(V.9.3), within the online secure platforms. For each trial, we 
determined the number of patients with GRO in each defini-
tion group (4V- remission, 4V- near- remission, 3V- remission and 
non- remission). The rates of true positive (TP), that is, remission 
and GRO; true negative (TN), that is, non- remission and not- 
GRO; false negative (FN), that is, non- remission and GRO; and 
false positive (FP), that is, remission and not- GRO, cases were 
also determined for all definitions. The percentage of patients 
with accurate prediction of having and not having GRO were 
also determined (sum of TP and TN) for the 4V- remission and 
3V- remission. Missing data were not substituted. Similar anal-
yses were performed for the secondary outcomes.

Meta-analysis
Frequency of remission status and outcomes
The frequency/proportion of each remission state observed in 
each of the trials were meta- analysed, irrespective of the treat-
ment arm. The same procedure was used to determine the pooled 
prevalence of GRO and GFO according to remission status.

Primary analysis
Likelihood of achieving GRO for 4V-near-remission compared with 
4V-remission and with non-remission
From our hypothesis that PGA might lead to false- negative 
rating of remission when using the 4V- remission definition, we 
aimed to analyse the value of 3V- remission definition, excluding 
PGA. Direct comparison of 4V- remission and 3V- remission 
however is not possible, given the overlap between the two 
states (see figure 1). Therefore, for each trial, we determined 
the differences in the proportion/chance (Δ proportion) of GRO 
(ΔmTSS ≤0.5) between 4V- near- remission and 4V- remission, 
mutually exclusive states, and then pooled these differences 
with the random- effects model to obtain an overall estimate of 
the difference (with 95% CI). We also compared this between 
4V- near- remission and non- remission states. The risk ratio or 
relative risk (RR, 95% CI) for GRO between these groups were 
also calculated.

Secondary analyses
The likelihood of achieving each of the secondary outcomes for 
4V- near- remission compared with 4V- remission and with non- 
remission was assessed using similar methods for the different 
definitions.

Sensitivity analyses
Different sensitivity analyses were performed regarding radio-
graphic progression. The first was to explore the likelihood of 
GRO between remission states after excluding the seemingly 
outlier trials.

The second was a multivariate analysis. Multivariate logistic 
regressions were performed in each trial to explain GRO (depen-
dent variable) using the mutually exclusive remission states as 
independent variables, adjusted for important covariates at base-
line: gender, age, disease duration (except for three trials due 
to >50% of missing data in this covariate), rheumatoid factor 
status, level of radiographic damage and treatment arm. The OR 
obtained in each trial and its 95% CI and SE were meta- analysed 
to obtain the pooled OR of GRO comparing different mutually 
exclusive remission states. However, we hypothesise that this 
covariate adjustment may constitute an overcorrection because 
patients in remission are ‘naturally’ different from patients not 
in remission regarding these prognostic factors. For this reason, 
these sensitivity analyses are presented cautiously and only in 
online supplemental material.

The third was to clarify the value of PGA as a predictor of 
radiographic damage progression, selecting only the patients in 
4V- near- remission (in 8 of the 11 trials, 796 patients, due to 
restrictions in accessing the data). We used Poisson regression 
models with 2y mTSS as dependent variable and PGA as inde-
pendent variable. To assess the specific, independent impact of 
PGA, we corrected for SJC28, TJC28 and CRP, determined as 
the mean of the observation at 6 and 12 months, by also intro-
ducing them as independent variables, together with baseline 
mTSS. To allow the combined analysis the different variables, 
we standardised their values using z- scores. A meta- analysis was 
then performed to obtain pooled rate ratios (RR with 95% CI) 
per variable.

The last was to explore the proportion of patients in 3V- remis-
sion (8 trials; 1937 patients) who have radiographic damage 
progression ≥0.5 and those who have radiographic progression 
≥5 during year 2, according to PGA score ≤1 versus >1 at 6 
and 12 months.

Figure 1 Definitions of remission tested in the study. Legend: CRP, 
C reactive protein, mg/dL; PGA, patient global assessment, range 
0–10=worst; SJC28, swollen 28- joint count, range 0–28; TJC28, tender 
28- joint count, range 0–28. Footnote: In general, in no remission 
states, disease- modifying antirheumatic drug (DMARD) therapy will 
be intensified, while at remission states, DMARD therapy will be 
unchanged or tapered. The no remission/4V- near- remission state 
(hatched) has a risk of overtreatment if DMARD therapy is intensified.
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Likelihood of reaching good radiographic and functional outcomes 
with 4V-remission compared with 3V-remission
If the null hypothesis of this study (the chance of GRO in 
4V- near- remission group are similar to the 4V- remission group) 
is not rejected, the current 4V- remission and the proposed 
3V- remission can be compared in terms of their positive (LR+) 
and negative likelihood ratios (LR−) of GRO per remission 
group. The TP, TN, FN and FP values were used to synthesise 
these measures. Similar procedures were performed regarding 
GFO.

All meta- analyses were performed with the OpenMeta[An-
alyst] software,34 using the DerSimonian- Laird random- effects 
method35 and the arcsine- transformed proportion.36 STATA soft-
ware (V.14) was used only to determine OR adjusted to covari-
ates (sensitivity analyses). The I2 of Higgins and Thompson was 
calculated to quantify heterogeneity.37

RESULTS
Studies and participants
From a total of 27 identified studies, we were granted access 
to 17 through secure online platforms, but only 11 trials 
reported radiographic damage progression during the second 
year, thus allowing inclusion in the final analyses. Reasons for 
the non- inclusion of 16 out of the 27 trials initially identified 
are described in figure 2 and online supplemental table S1. The 
critical appraisal results for each of the 11 RCTs are summarised 
in online supplemental figure S1 (low risk of bias in all items 
assessed for all the trials). We had access to data from 100% 
of the randomised patients in 9 out of the 11 trials and from 
93% of patients in the remaining two, resulting in a total sample 
of 8114 patients. Most trials tested anti- TNFα therapies (n=9), 
and included patients with insufficient response to methotrexate 
(n=7) and with established disease (>2 years) (n=9)—online 
supplemental table S2. The mean (SD) DAS28CRP3v ranged 
from 4.7 (0.9) to 5.3 (0.8) at baseline. The van der Heijde mTSS 

was used as the scoring method of radiographic damage progres-
sion in 10 of the trials. The remaining used the Genant method. 
The mean mTSS at baseline ranged from 5.9 (14.5) to 69.0 
(55.8) (online supplemental table S2).

Altogether, 2322 patients (29%) were excluded from the final 
analyses (online supplemental table S3). The main reason for 
exclusion was the lack of data on radiographic outcome (71% 
of all cases). Those excluded from these analyses were older 
(1.3 years on average), reported higher PGA and HAQ, and had 
more active disease according to physician’s global assessment. 
Regarding disease status at 6 or 12 months, 305 of the excluded 
patients had no data and the remaining 2017 had lower rates of 
4V- remission and higher rates of non- remission, compared with 
those included.

Frequency of remission status, radiographic and functional 
outcomes
A total of 5792 (71%) patients had information on both the 
remission definition and on the primary outcome (radiographic 
progression) (table 1). Pooled meta- analytic frequency (95% 
CI) of 4V- remission at 6 or 12 months was 23.0% (18.0% to 
28.0%), while for 4V- near- remission, it was 18.9% (15.4% to 
22.1%), considering all treatment arms together (table 1).

Good radiographic outcome was observed in 74.1% (66.2% 
to 82.0%) of all patients using the primary cut- off (ΔmTSS ≤0.5) 
and by 94.6% (92.9% to 96.4%) using ΔmTSS ≤5 (table 1). 
Good functional outcome, which could only be assessed in eight 
RCTs (3904 patients), was observed in 70.6% (66.7% to 73.5%) 
of all patients using the elected cut- off (ΔHAQ- DI ≤0.0), and 
by 31.1% (24.9 to 37.2%) using ΔHAQ- DI ≤0.0 and HAQ- DI 
≤0.5 (table 1).

Likelihood of reaching good radiographic outcome for 
patients in 4V-near-remission compared with patients in 
4V-remission and with patients in non-remission
Overall, the proportion of GRO for the primary score (ΔmTSS 
≤0.5) was high (71.8% to 81.1%) for the three mutually exclu-
sive remission categories (table 2). The proportion of patients 
with GRO did not differ significantly between those in 4V- near- 
remission and 4V- remission: −2.9% (95% CI −7.3% to +1.5%). 
Patients in 4V- near- remission had a significantly higher chance 
of achieving GRO compared with patients in non- remission 
(+6.2%; 95% CI 2.3% to 10.1%). Results for these compar-
isons are shown in table 2 and figure 3. Similar observations 
were made for GRO defined as ΔmTSS ≤5 (table 2). None of 
the differences was statistically significant when ΔmTSS ≤0 was 
used (table 2).

We performed a sensitivity analysis by excluding the three 
apparent outliers in figure 3 (the DE019, GO- FURTHER and 
TEMPO trials) which confirmed no significant difference in the 
meta- analytic RRs (ΔmTSS ≤0.5) between 4V- remission and 
4V- near- remission (RR 0.99; 95% CI 0.95 to 1.03).

Likelihood of reaching good functional outcome for patients 
in 4V-near-remission compared with patients in 4V-remission 
and with patients in non-remission
Overall, the proportion of GFO for the elected outcome 
(ΔHAQ- DI ≤0.0) was high (68.8% to 77.6%) for the three mutu-
ally exclusive remission categories (table 2). The proportion of 
patients with GFO was significantly lower in 4V- near- remission 
than 4V- remission: −11.0% (95% CI −16.3% to −5.7%). 
Patients in 4V- near- remission had a similar chance of achieving 
GFO compared with patients in non- remission (−2.2%; 95% CI 

Figure 2 Flowchart with the process of study identification and 
data access. IPD, individual patient data; RA, rheumatoid arthritis; RCT, 
randomised controlled trial.
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−6.8% to +2.4%). The differences between 4V- near- remission 
and 4V- remission were more striking for the GFO defined as 
ΔHAQ- DI ≤0 and HAQ- DI ≤0.5: −39.6% (95% CI −48.4% to 
−30.9%). The difference between 4V- near- remission and non- 
remission was non- significant (+1.7%; 95% CI −7.4 to +10.8).

Comparison of the 4V-remission and the proposed 
3V-remission regarding prediction accuracy for radiographic 
and functional outcome
Having shown that the difference in the probability of GRO 
between 4V- remission and 4V- near- remission was neither 
statistically nor clinically relevant,38 we were allowed to eval-
uate the difference between the 4V- remission and 3V- remission 
(the latter combining the 4V- near- remission and 4V- remission) 
groups (table 3). The results indicated that the likelihood ratio of 
having GRO (ΔmTSS ≤0.5) was higher for patients in 4V- remis-
sion compared with 4V- non- remission (LR+=1.36, 1.15 to 
1.61) than between patients in 3V- remission versus 3V- non- 
remission (LR+=1.26; 1.13 to 1.41), although there was a large 
overlap in 95% CIs. Conversely, the likelihood of having GRO 
in the absence of remission was significantly smaller for the 
3V- remission (LR−=0.86; 0.79 to 0.94) and non- significant for 
the 4V- remission (LR−=0.92; 0.81 to 1.04) versus their coun-
terparts (table 3).

The same comparisons were made regarding functional 
outcomes (table 3). The likelihood ratio of having GFO 
(ΔHAQ≤0.0) was significantly higher for patients in 4V- remis-
sion compared with in 4V- non- remission (LR+=1.34; 1.16 to 
1.54), while it was not significantly different between patients 
in 3V- remission versus 3V- non- remission (LR+=1.08; 0.99 
to 1.17). Contrariwise, the likelihood of having GFO in the 
absence of remission was not significantly different from that 
for either the 3V- remission (LR−=0.94; 0.88 to 1.02) or the 
4V- remission (LR−=0.90; 0.79 to 1.02) versus their compar-
ator groups (table 3).

The proportion of patients whose prediction of GRO was 
accurate (=TP+TN) was, overall, quite low for both definitions 
of remission (≤53%). It was, however, higher for the 3V- remis-
sion definition than for the 4V- remission definition: 6.5%, 
10.6% and17.2% higher at ΔmTSS ≤0.0, ≤0.5 and ΔmTSS ≤5, 
respectively (see figure 4). As expected, the improved accuracy 
of the 3V- remission is a result of a substantially lower percentage 
of FN, that is, patients without remission who do not have radio-
graphic progression, at the cost of a much smaller increase in 
the percentage of FP, that is, the patients with remission who do 
have progression.

Regarding the elected definition of GFO, the proportion accu-
rately predicted with the 3V definition (50.3%; 46.0 to 54.6) 
was significantly higher than with the 4V definition (43.8%; 
40.9 to 46.6). The percentage accurately predicted was much 
higher for the alternative definition of GFO, the statistically 
significant difference being favourable for the 4V definition.

Figure 5 presents a ‘clinical eye’s’ summary of good/bad radio-
graphic outcomes observed according to the current and the 
proposed (3V) Boolean- based definitions of remission (95% CI 
and I2 statistics are presented in online supplemental table S4). 
Overall, 73.3% (95% CI 63.9% to 81.8%) of the patients in 
non- 4V- remission still had GRO (ΔmTSS≤0.5), and the same 
was observed for 71.8% (95% CI 62.1% to 80.5%) of those in 
non- 3V- remission. The percentages of GRO increase to 81.1% 
(95% CI 74.4% to 86.9%) and 79.6% (95% CI 72.2% to 86.1%) 
among those in 4V- remission and 3V- remission, respectively. 
None of these differences were statistically significant.Ta
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The overall proportion of patients achieving 3V- remission was 
almost double of those reaching 4V- remission (41.9% vs 23.0%).

Sensitivity analyses
Adjustment to co-factors
The models adjusted for co- factors for the same comparisons 
showed even smaller differences between 4V- near- remission and 
4V- remission categories regarding the prediction of good radio-
graphic outcomes (online supplemental tables S5 and S6).

Exploration of radiographic damage in 4V-near-remission
Within the subgroup of patients in 4V- near- remission, PGA 
(at 6 and 12 months) is not a statistically significant predictor 
of radiographic progression over 2 years (RR 1.05 per SD 
unit increase, 95% CI 0.93 to 1.16); similarly, non- significant 
results were obtained for SJC28 and TJC28 (both 0 vs 1 in this 

subgroup): RR 1.09; 95% CI 0.90 to 1.27, and RR 0.86; 95% 
CI 0.68 to 1.04, respectively. Only CRP was a (borderline) statis-
tically significant predictor of radiological progression (RR 1.06, 
95% CI 1.00 to 1.12).

Radiographic damage progression according to PGA
In the subgroup of patients reaching 3V- remission, a ΔmTSS >5 
units was observed in 2.3% (95% CI 1.0% to 4.3%) of patients 
scoring PGA >1 and in 1.3% (0.6 to 2.3%) of those with PGA 
<1. The corresponding values for ΔmTSS >0.5 units were 
18.4% (13.8% to 23.5%) and 15.2% (9.9% to 21.4%), respec-
tively (online supplemental table S7).

DISCUSSION
This is the first study assessing the prevalence of 4V- near- 
remission in RCTs and the first comparing radiographic damage 

Table 2 Pooled outcomes* and measures of association between remission categories and good radiographic and good functional outcomes, 
during the second year of follow- up

Good radiographic outcome (GRO) defined as ∆mTSS ≤0.5

4V- remission
(n=1378)

4V- near- remission
(n=1085)

Non- remission
(n=3329)

Percentage GRO (95% CI) 81.1 (74.4 to 86.9) 78.2 (69.5 to 85.8) 71.8 (62.1 to 80.5)

  

4V- near- remission vs
4V- remission

4V- near- remission vs
Non- remission

∆ percentage GRO (95% CI) −2.9 (−7.3 to 1.5) 6.2 (2.3 to 10.1)

Relative risk GRO (95% CI) 0.98 (0.94 to 1.02) 1.07 (1.02 to 1.12)

Good radiographic outcome (GRO) defined as ∆mTSS ≤0

4V- remission 4V- near- remission Non- remission

Percentage GRO (95% CI) 71.5 (63.5 to 78.8) 64.1 (54.6 to 73.2) 62.2 (51.5 to 72.4)

  

4V- near- remission vs
4V- remission

4V- near- remission vs
non- remission

∆ percentage GRO (95% CI) −7.7 (−16.6 to 1.1) 1.7 (−8.1 to 11.5)

Relative risk GRO (95% CI) 0.91 (0.82 to 1.02) 1.04 (0.94 to 1.16)

Good radiographic outcome (GRO) defined as ∆mTSS ≤5

4V- remission 4V- near- remission Non- remission

Percentage GRO (95% CI) 97.5 (95.4 to 98.9) 96.1 (92.5 to 98.5) 94.2 (90.2 to 97.2)

  

4V- near- remission vs
4V- remission

4V- near- remission vs
Non- remission

∆ percentage GRO (95% CI) −2.5 (−7.5 to 2.6) 4.1 (0.7 to 7.6)

Relative risk GRO (95% CI) 99.9 (0.97 to 1.01) 1.01 (1.00 to 1.02)

Good functional outcome (GFO) defined as ΔHAQ- DI ≤0

4V- remission
(n=1041)

4V- near- remission
(n=758)

Non- remission
(n=2105)

Percentage GFO (95% CI) 77.6 (74.3 to 80.8) 66.9 (62.6 to 71.2) 68.8 (66.0 to 71.7)

  

4V- near- remission vs
4V- remission

4V- near- remission vs
Non- remission

∆ percentage GFO (95% CI) −11.0 (−16.3 to −5.7) −2.2 (−6.8 to 2.4)

Relative risk GFO (95% CI) 0.87 (0.81 to 0.94) 0.98 (0.92 to 1.04)

Good functional outcome (GFO) defined as ΔHAQ- DI ≤0 and HAQ- DI ≤0.5

4V- remission
(n=1305)

4V- near- remission
(n=1003)

Non- remission
(n=2954)

Percentage GFO (95% CI) 60.2 (53.3 to 67.0) 22.5 (15.9 to 29.1) 21.2 (16.1 to 26.3)

4V- near- remission vs
4V- remission

4V- near- remission vs
Non- remission

∆ percentage GFO (95% CI) −39.6 (−48.4 to −30.9) 1.7 (−7.4 to 10.8)

Relative risk GFO (95% CI) 0.37 (0.30 to 0.46) 1.12 (0.82 to 1.53)

4V- remission=SJC28, TJC28, CRP (mg/dL) and PGA (0–10), all ≤1; 4V- near- remission=SJC28, TJC28, CRP (mg/dL) ≤1 and PGA (0–10) >1; non- remission=SJC28 >1 or TJC28 >1 or CRP (mg/dL) >1, irrespective of PGA 
value; at 6 or 12 months of follow- up in all cases.
*Determined by meta- analyses: for each trial, we calculated the differences in the proportion/change (∆ proportion) of GRO or GFO between 4V- near- remission and 4V- remission states and between 4V- near- remission 
and non- remission states; then, we pooled these differences with a random- effects model to obtain an overall estimate of the difference (with 95% CI).
CRP, C reactive protein; ΔHAQ- DI, change in Health Assessment Questionnaire–Disability Index; PGA, patient global assessment; SJC28, swollen 28- joint count; TJC28, tender 28- joint count.
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progression between patients in 4V- near- remission and in 
4V- remission. The pooled rate of 4V- near- remission was almost 
the same of 4V- remission (19% vs 23%). These mutually exclu-
sive groups did not differ significantly in terms of subsequent 
radiographic damage accrual. Patients in 4V- near- remission 
had a significantly better radiographic outcome than those in 
non- remission.

These observations legitimised the next step in our analyses: 
to explore the implications of choosing between the 3V and 
the 4V definitions of remission. The odds of good structural 
outcome were slightly higher for the 4V- remission, but without 
statistical or, in our view, clinical significance. The 3V- remis-
sion showed a better performance in terms of true estimations 
of significant damage (ie, sum of TP and TN estimations). If a 
‘treat- to- remission’ strategy had been applied in this popula-
tion, the 3V- remission definition would have prevented therapy 
escalation in 19% of all participants when compared with the 
4V- remission. This would occur at the cost of having an excess 

of 6.1% of patients having a ΔmTSS >0.0, 4.0% of patients 
having a ΔmTSS >0.5 and of 0.7% having ΔmTSS >5 units. 
These trade- offs may be differently valued by different observers. 
Our proposal to use the 3V- remission definition is also rooted in 
solid clinical common sense: a (major) part of patients who fail 
remission solely because of PGA is not be expected to benefit 
from additional immunosuppressive therapy, as PGA does not 
reflect disease activity in these patients. However, clinical judge-
ment is needed as to decide in individual patients whether the 
PGA level >1 indicates residual disease activity that might be 
successfully treated with more intensive RA treatment, or reflects 
another cause, for which more intensive RA treatment would 
be unnecessary and potentially harmful. Guiding definitions and 
recommendations should always be aligned with good clinical 
wisdom.

The data also emphasises that all remission concepts have a 
relatively poor predictive value regarding radiographic damage, 
as shown by low LRs (although better in 4V- remission) and 

Figure 3 Meta- analyses of risk ratio of obtaining good radiographic outcome (∆mTSS ≤0.5 units); 4V- near- remission vs 4V- remission and vs non- 
remission. Legend: 4V- remission=SJC28, TJC28, CRP (mg/dL) and PGA (0–10), all ≤1; 4V- near- remission=SJC28, TJC28 and CRP (mg/dL) ≤1 and PGA 
(0–10) >1; non- remission=SJC28 >1 and/or TJC28 >1 and/or CRP (mg/dL) >1, irrespective of PGA value; at 6 or 12 months of follow- up in all cases. 
CRP, C reactive protein; ∆mTSS, change in the modified total Sharp score during the second year of follow- up; GRO, good radiographic outcome; PGA, 
patient global assessment; SJC28/TJC28, swollen/tender 28- joint counts.

Table 3 Meta- analyses of good outcomes likelihood ratios for the 4V- remission and 3V- remission status

Good outcome*

4V- Remission (vs non- 4V)
I2 LR+
LR−

3V- Remission (vs non- 3V)
I2 LR+
LR−LR+ (95% CI) LR− (95% CI) LR+ (95% CI) LR− (95% CI)

ΔmTSS ≤0.5 1.36 (1.15 to 1.61) 0.92 (0.81 to 1.04) 38%
0%

1.26 (1.13 to 1.41) 0.86 (0.79 to 0.94) 40%
3%

ΔmTSS ≤0 1.32 (1.17 to 1.50) 0.91 (0.82 to 1.02) 19%
0%

1.20 (1.12 to 1.29) 0.87 (0.81 to 0.93) 0%
0%

ΔmTSS ≤5 1.40 (0.88 to 2.23) 1.01 (0.76 to 1.33) 56%
0%

1.33 (1.03 to 1.71) 0.92 (0.77 to 1.10) 40%
0%

ΔHAQ- DI ≤0 1.34 (1.16 to 1.54) 0.90 (0.79 to 1.02) 18%
0%

1.08 (0.99 to 1.17) 0.94 (0.88 to 1.02) 17%
0%

ΔHAQ- DI ≤0 and HAQ- DI ≤0.5 3.35 (2.78 to 4.03) 0.60 (0.52 to 0.68) 72%
45%

1.82 (1.59 to 2.07) 0.55 (0.47 to 0.65) 80%
87%

4V- remission=SJC28, TJC28, CRP (mg/dL) and PGA (0–10), all ≤1; 3V- remission=SJC28, TJC28 and CRP (mg/dL) ≤1; non- remission=SJC28 >1 or TJC28 >1 or CRP (mg/dL) >1, irrespective of PGA 
value; at 6 or 12 months of follow- up in all cases.
*n=5792 for ΔmTSS, n=3904 for ΔHAQ- DI ≤0 and n=5262 for ΔHAQ- DI ≤0 and HAQ- DI ≤0.5.
CRP, C reactive protein; ∆HAQ- DI, change in Health Assessment Questionnaire–Disability Index; LR+, positive likelihood ratio; LR−, negative likelihood ratio; ∆mTSS, change in the modified total 
Sharp score during the second year of follow- up; PGA, patient global assessment; SJC28, swollen 28- joint count; TJC28, tender 28- joint count.
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predictive accuracies below 53% (better in 3V- remission). This 
reflects the fact that 73% of patients in non- 4V- remission had 
good radiographic outcomes and 19% of those in 4V- remission 
still presented radiographic progression (ΔmTSS >0.5).

4V- remission was associated with significantly higher rates of 
GFO (77.6%) compared with 4V- near- remission (66.9%); this 
latter rate is similar to that observed in non- remission (68.8%). 
The differences were more marked in favour of a 4V- remisision 
if the definition of GFO adopted by the ACR/EULAR committee 
was used (4V- remission=60.5%, 4V- near- remission=22.5%, 
non- remission=21.2%). Positive likelihood ratios also favoured 
4V- remission, while negative LRs did not reach significance 
in favour of 4V- near- remission. The predictive accuracy of 
3V- remission for the elected functional outcome was numer-
ically better than for 4V- remission, nearly reaching statistical 
significance.

The results regarding functional outcome demand a critical 
appraisal. Overall, PGA and HAQ- DI are correlated to the level 
r=0.5 to 0.7. In higher disease activity states, both PGA and 
HAQ- DI predominantly reflect disease activity. In remission, 
they are expected to remain correlated, even if one assumes (as 
we do) that neither of them substantially reflects inflammation 
at this stage, because they are essentially determined by similar 
subjective factors and comorbidities.9 14 17 39 It follows that, irre-
spective of disease activity, PGA is bound to predict HAQ- DI, 
and this obviously questions the use of HAQ- DI to assess the use 
of PGA, especially in a definition of remission, if it is intended 
to guide decisions on immunosuppressive therapy. The current 
results confirm this interpretation: How else could we coherently 
explain that, also in our study, 4V- remission is associated with 

significantly higher prevalence of GFO than 4V- near- remission 
if these two conditions share similar levels of SJC28, TJC28 and 
CRP (all ≤1) and similar levels of radiographic progression? The 
only difference is PGA.

The robustness of this work is supported by (1) the use of 
individual patient data, allowing uniform analyses procedures, 
(2) the availability of data collected under stringent RCT condi-
tions, (3) the inclusion of over 5700 patients and (4) the use of 
both crude and adjusted statistical analyses. This study also has 
potential limitations and biases. The definition of remission was 
based only on two independent time- points (6 or 12 months) 
and used to predict radiographic progression over the following 
year. Although this was also the methodology used by the ACR/
EULAR group,4 it is recognised that alternative ways exist to 
quantify sustained remission, which might be useful both in 
understanding the construct of remission and investigating its 
relationship with structural damage accrual.4 Good outcome 
was assessed only within the second year after randomisation. 
Although this is the efficacy endpoint used in most trials, longer 
follow- up assessment could provide different results.40 When 
3V- remission is agreed to be an acceptable endpoint for eval-
uating disease- modifying treatment in RA, the ability of the 
3V- remission definition to detect differences between (effective) 
treatments, that is, its responsiveness, should be established and 
compared with that of 4V- remission and other established trial 
endpoints in RA. Patients with missing data, excluded from the 
analysis, had higher PGA and HAQ- DI scores and more active 
disease at 6 and 12 months, but they were not significantly 
different with regards to other factors recognised as relevant 
for radiographic outcome. The exclusion of these patients might 

Figure 4 Pooled meta- analytic prediction accuracy of 4V- remission 
and 3V- remission status for the good radiographic and functional 
outcomes. Footnote: The sum of the meta- analytic percentages of TP, 
FN, FP and TN is slightly less than 100% due to error estimation when 
multi- category (k>2) prevalence is estimated.35 All meta- analyses used 
double arcsine transformation as the preferred method to correct this 
situation.35 The panels from A to F include 5792 analysed patients 
(11 randomised controlled trials (RCTs)), E and F include 3904 (8 
RCTs), and G and H 5262 analysed patients (11 RCTs). Legend: 4V- 
remission=SJC28, TJC28, CRP (mg/dL) and PGA (0–10), all ≤1; 3V- 
remission=SJC28, TJC28 and CRP (mg/dL) ≤1; ΔHAQ, change in Health 
Assessment Questionnaire score; ∆mTSS, change in the modified total 
Sharp score from 12 months to 24 months; CRP, C reactive protein; FN, 
false negative; FP, false positive; PGA, patient global assessment; SJC28, 
swollen 28- joint count; TJC28, tender 28- joint count; TN, true negative; 
TP, true positive; accurately predicted=TP+TN. Between brackets is the 
pooled 95% CI.

Figure 5 Reclassification of remission status and respective 
radiographic outcomes (n=5792). Percentages were calculated through 
meta- analyses. Footnote: Excluding PGA from the remission of remission 
(3V- remission) almost duplicated the percentage of patients in 
remission but showed only a slight increase in the rate of bad outcome 
when compared with 4V- remission. The radiographic outcome in the 
group of patients who had no overt signs of inflammation but who 
presented with high PGA (4V- near- remission) was also not statistically 
different from patient in 4V- remission. Legend: 4V- remission=SJC28, 
TJC28, CRP (mg/dL) and PGA (0–10), all ≤1; 4V- near- remission=SJC28, 
TJC28, CRP (mg/dL) ≤1 and PGA (0–10) >1; non- remission=SJC28 >1 
and/or TJC28 >1 and/or CRP (mg/dL) >1, irrespective of PGA value; 3V- 
remission=SJC28, TJC28, CRP (mg/dL) ≤1. All definitions as observed 
at 6 or 12 months. Note: CIs and I2 statistics of pooled radiographic 
outcomes can be found in online supplemental table S4. ∆mTSS, change 
in the modified total Sharp score during the second year of follow- up; 
CRP, C reactive protein; PGA, patient global assessment; SJC28/TJC28, 
swollen/tender 28- joint counts.
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have changed the relationship between disease activity status and 
the outcomes under consideration in an unknown direction. It 
should be noted that we did not analyse within- trial arms and 
used the data of clinical trials as in observational studies, there-
fore discarding the effects of randomisation. As patients fulfilled 
inclusion criteria for RCTs, generalisability of our results is 
limited to patients with high disease activity starting treatment. 
In 7 out of the 11 RCTs, joint assessments were performed by 
independent assessors, and the 4 other studies did not use an 
independent joint assessor. We do not know whether this may 
have affected the (interpretation of the) results of our study in 
any way. Finally, some changes to the published protocol for this 
study need to be disclosed, namely the use of ΔmTSS ≤0.5 units 
as the primary outcome instead of the ≤0 cut- off, for the reasons 
outlined in the methods section.

The most relevant implications of this study for clinical prac-
tice and research relate to the most appropriate definition of 
remission and its use as the guiding target for therapy. Our 
results demonstrate that patients in 4V- near- remission do not 
differ significantly from those in 4V- remission in terms of radio-
graphic damage accrual, while they can be clearly separated from 
those in non- remission. This supports the aggregation of the 
first two groups, that is, the proposed 3V- remission definition. 
Contrary to ACR/EULAR,4 but in line with previous and current 
evidence,13 21 22 41 our results demonstrated that the 3V- remis-
sion definition does not significantly diminish the ability to 
predict structural damage, while it may significantly reduce the 
risk of overtreatment, but this should be validated in clinical 
settings.19 20 The implications of these observations should be 
further tested in the remission definitions based on composite 
indices Simplified Disease Activity Index and Clinical Disease 
Activity Index, as also endorsed by ACR/EULAR.

The ACR/EULAR committee also addressed the 3V- definition 
and reached the opposite conclusion.4 This may be explained by 
differences in methodology and reasoning. First, ACR/EULAR 
tested one single and very strict cut- off to define good radio-
graphic outcome (ΔmTSS ≤0), which is, in our view, excessively 
stringent, as it does not even allow for a difference of one unit 
in change score in the total of 448 joints assessed by the two 
radiograph assessors, which is averaged to 0.5. Both cut- offs are 
well below the smallest detectable change within one subject: 
2–3 units according to an OMERACT expert panel.38 However, 
in our study, the ΔmTSS ≤0 was the one with more favourable 
results for the 4V compared with the 3V- remission in terms of 
GRO prediction, predictive accuracy and rate of FN, but not 
in LR, for which the ΔmTSS ≤0.5 was more favourable. While 
considering these issues, one should take into account that 
ΔmTSS=1 has been estimated to justify a decrease of the HAQ 
score of only 0.01.42 Second, the ACR/EULAR committee limited 
their analysis to 4V versus 3V, which significantly overlap, thus 
‘diluting’ the characteristics of a very unique group of patients: 
4V- near- remission. Also, the number of patients analysed by 
ACR/EULAR was much lower. Furthermore, the decision of the 
ACR/EULAR committee was, seemingly, strongly influenced by 
the much better prediction of good functional and ‘overall’ good 
outcomes for the 4V- remission versus the 3V- remission. This 
position was recently reaffirmed.22 The reasons why we disagree 
with this approach are presented previously. Furthermore, the 
ACR/EULAR study analysed primarily the methotrexate- alone 
treatment groups of 3 trials, while we included all arms in each 
of 11 trials. This may explain why our likelihood ratios of 
GRO between 4V- remission and non- remission are much lower 
than the ACR/EULAR study, given that inhibition of radio-
graphic damage by bDMARDs has been demonstrated even in 

the absence of remission, thus reducing the predictive accuracy 
of disease activity for radiographic damage.43–45 However, we 
performed a sensitivity analysis, using data from patients in the 
monotherapy bDMARD arms (in nine RCTs), which showed 
that bDMARDs indeed reduce structural damage, and result in 
GRO in the majority, but not universally. Altogether, 28% of all 
patients exposed to bDMARDs monotherapy presented ΔmTSS 
≥0.5 (11% to 57% in the individual trials; data not shown). In 
summary, we believe that our approach is valid and provides a 
better representation of current clinical practice. However, it will 
not fit contexts where access to bDMARDs is severely limited. 
Finally, the selection of tools by the ACR/EULAR committee was 
“based (…) on the need to include patient- reported outcomes”, 
among other factors.4 PGA was selected because it is associated 
with better prediction of the combination of radiographic and 
functional outcome.4 While this is valid in the overall spectrum 
of disease activity, this argument is no longer true when the 
disease process is under control (SJC28, TJC28 and CRP ≤1) as 
demonstrated in this study and elsewhere.17 It has been proposed 
to raise the cut- off value of PGA,22 46 47 but this is at best a partial 
solution: we previously found that among 4381 international 
patients in 3V- remission, 63% scored PGA >1, but still 44% 
scored it >2, 32% >3 and 0.6% scored PGA as high as 10.17 In 
addition, PGA at low disease activity states is essentially deter-
mined by subjective factors and comorbidities,9 17 18 in contrast 
to, for example, swollen joint counts and CRP. The current study 
shows that PGA has no significant relationship with radiographic 
damage progression, both by comparing the 4V and 3V remis-
sion groups and by analysing the relationship between the two 
parameters within the specific group of patients in 4V- near- 
remission. These observations support our view to leave it out 
of the treatment target definition used to control inflammation 
(biological remission).

It has been recognised that treating to target often leaves 
room for improvement.48 For patients with active disease, there 
is little doubt that controlling the disease is the most important 
means to improve the patient’s condition, both at short and 
long term. Once low disease activity or remission is achieved, 
a persistently high disease impact should become the guiding 
target: after a diligent search for remaining (undetected) disease 
activity, it needs to be analysed and understood so as to choose 
the best adjunctive intervention, such as analgesia, rehabilitation 
or anti- depressive therapy, among other pharmacological and 
non- pharmacological therapies.49 PGA score is not appropriate 
for this purpose, and more analytic instruments, such as the 
Patient Reported Outcome Measurement Information System 
(PROMIS),50 the RA Impact of Disease (RAID) score51 52 or the 
RA Flare Questionnaire,53 are required.

Overall, these results support the proposal that the 3V defi-
nition of remission in parallel with a separate evaluation of the 
patient’s perspective, that is, the dual target strategy, deserves 
consideration. The first target aims to control inflammation 
(biological remission) and the other one to control disease 
impact (symptom remission), guided by clinically informative 
PROMs.9 16 20 Pursuing and achieving the first is an important 
contribution, but no guarantee that the second will be fulfilled. 
Further research, specifically regarding adjuvant interventions 
required to achieve effective control of disease impact endured 
by patients in biological remission designed to bring patients 
from 4V- near- remission into full remission, is warranted to vali-
date the concept of dual target. Improving symptoms and signs 
of RA, both short and long term, is the major goal of treatment 
and it deserves being highlighted by an independent treatment 
target.
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