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CLINICAL SCIENCE

Testing different thresholds for patient global
assessment in defining remission for rheumatoid
arthritis: are the current ACR/EULAR Boolean

criteria optimal?

Paul Studenic @ ," David Felson

Tanja A Stamm

ABSTRACT

Objectives This study aimed to evaluate different
patient global assessment (PGA) cut-offs required in the
American College of Rheumatology/European League
Against Rheumatism (ACR/EULAR) Boolean remission
definition for their utility in rheumatoid arthritis (RA).
Methods We used data from six randomised controlled
trials in early and established RA. We increased the
threshold for the 0—10 score for PGA gradually from

1 to 3 in steps of 0.5 (Boolean1.5 to Boolean3.0) and
omitted PGA completely (BooleanX) at 6 and 12 months.
Agreement with the index-based (Simplified Disease
Activity Index (SDAV)) remission definition was analysed
using kappa, recursive partitioning (classification

and regression tree (CART)) and receiver operating
characteristics. The impact of achieving each definition
on functional and radiographic outcomes after 1year
was explored.

Results Data from 1680 patients with early RA and
920 patients with established RA were included. The
proportion of patients achieving Boolean remission
increased with higher thresholds for PGA from 12.4% to
19.7% in early and 5.9% to 12.3% in established RA at
6 months. Best agreement with SDAI remission occurred
at PGA cut-offs of 1.5 and 2.0, while agreement
decreased with higher PGA (CART: optimal agreement
at PGA<1.6 cm; sensitivity of PGA<1.5 95%). Changing
PGA thresholds at 6 months did not affect radiographic
progression at 12 months (mean asmTSS for Boolean,
1.5, 2.0, 2.5, 3.0, BooleanX: 0.35+5.4, 0.38+5.14,
0.41+5.1,0.37+4.9, 0.34+4.9, 0.27+4.7). However,
the proportion attaining HAQ<0.5 was 90.2%, 87.9%,
85.2%, 81.1%, 80.7% and 73.1% for the respective
Boolean definitions.

Conclusion Increasing the PGA cut-off to 1.5 cm
would provide high consistency between Boolean with
the index-based remission; the integer cut-off of 2.0 cm
performed similarly.

Disease activity in rheumatoid arthritis (RA) has
been found best reflected in a number of so-called
core set variables defined many years ago by
the American College of Rheumatology (ACR)
and the European League Against Rheumatism
(EULAR).! 2 Irrespective of the use of individual
core set variables, composite measures of disease
activity comprising several components have better
validity than individual components based on the
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Key messages

What is already known about this subject?

» The patient global assessment (PGA) is the most
common reason in patients with rheumatoid
arthritis (RA) for not reaching American College
of Rheumatology/European League Against
Rheumatism Boolean remission.

» The PGA has been criticised to not adequately
reflect disease activity of RA.

What does this study add?

» A PGA cut-off of 2 (on a 010 scale) coincides
with a better agreement between Boolean and
Simplified Disease Activity Index remission.

» Patients in Boolean remission definition using
<2 (on a 0-10 scale) on a PGA show good long-
term functional and radiologic outcomes.

How might this impact on clinical practice or

future developments?

» Using the adapted cut-off in clinical trials and
practice will improve evaluation of remission
in RA.

heterogeneity of the disease presentations between
and within individual patients®™; in addition, they
correlate better with structural and functional
outcomes in RA.* ¢

When the core set variables were defined, remis-
sion was more an aspirational than a realistic
goal.” Today, remission is achievable in a signif-
icant proportion of patients and has become a
major therapeutic target.*™* A clinical definition
of remission for RA should reflect no, or at most
only minimal, disease activity in terms of inflamma-
tion, such as swollen joints or acute phase reactant
(APR) levels to prevent structural progression and
functional deterioration.'® The remission definition
of the Disease Activity Score using 28 joint counts
(DAS28) allows for a significant number of residual
swollen joints,"'™ which cannot be overcome by
lowering the cut-off for remission on its scale.'" '*
DAS28 also overweighs the acute phase response,
making results from drugs that target interleukin
(IL)-6—and thus the APR directly—less comparable
with those attained with other compounds.'® '’
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Rheumatoid arthritis

ACR and EULAR provided remission definitions almost one
decade ago."! Despite the proven validity of the ACR/EULAR
remission criteria, the definition of remission is still in discus-
sion and alternative definitions are still frequently used in
clinical trials and practice. To attain an ACR/EULAR Boolean
remission, a patient must have, among other criteria, a patient
global assessment (PGA) score <1 (0-10 scale), and this defi-
nition has been criticised because patients who have no active
joints and a normal C reactive protein (CRP) often have PGA
scores exceeding the cut-off of 1.1® PGA has been incorporated
into composite scores and remission definitions to include the
patient’s perspective in the assessment of disease activity, and it
is also recommended for evaluation in clinical trials."” Further,
the committee developing the remission definition showed that
inclusion of PGA improved the discriminant ability of remis-
sion criteria to separate effective RA treatments from placebo,
suggesting that it represents elements of disease activity missed
by other outcome measures. In other words, inclusion of PGA in
remission criteria makes it more likely that efficacy of different
treatments can be discriminated. However, the PGA sometimes
not only reflects symptoms based on inflammatory disease
activity but also other factors such as depressive symptoms or
functional limitations due to pre-existing joint damage or even
comorbidities.?’ 2!

The ACR/EULAR index-based Simplified Disease Activity
Index (SDAI) remission criteria are slightly less stringent than
Boolean remission, given that the sum of several components
permits one of them to be slightly elevated (eg, a PGA above 1)
if compensated by a lower score of others.”” Both remission defi-
nitions are associated with optimal clinical, functional and struc-
tural outcomes'' and are widely used in clinical trials, where
a substantial number of patients today achieve this stringent
outcome.” To this end, studies have shown that some patients
meeting SDAI remission do not meet the more stringent Boolean
definition of remission primarily due to the requirement for a
PGA of 1.8 Since both, the Boolean and the SDAI remission,
are recommended by ACR and EULAR, they ideally should be
consistent and identify the same patients.

We therefore aimed to determine whether an increase of the
PGA threshold in the ACR/EULAR Boolean-based criteria might
increase its agreement with the ACR/EULAR index-based remis-
sion by SDAI without jeopardising good clinical, functional and
structural implications, associated with the state of remission.

METHODS

Patients

RA patient data were retrieved from six clinical trials testing
the efficacy of tumour necrosis factor inhibitors (TNFi) versus
placebo or placebo+methotrexate (MTX) with an observation
period between 1 and 2years (ASPIRE, ATTRACT, PREMIER,
DEO019, Go Before and Go Forward). The individual trials have
been previously reported®=° and so has the use of pooled data
of these trials obtained from the trial sponsors.”” *' 3 These
trials included patients with RA with varying disease dura-
tions and treatment histories representing a large spectrum of
the disease. ASPIRE (infliximab), Go Before (golimumab) and
PREMIER (adalimumab) were trials in MTX-naive patients with
early RA (mean disease duration of the pooled population at
baseline 1.5%3.0 years), while ATTRACT (infliximab), DE019
(adalimumab) and Go Forward (golimumab) were performed
in MTX-insufficient responders with a mean disease duration
of the pooled patients at baseline of 9.7+8.4 years. In all six
clinical trials, the patients were asked to provide the assessment

of the activity of their RA using a 100 mm visual analogue scale
(VAS).25_30

Definitions of remission and their modifications

The Boolean definition includes swollen joint counts (SJC),
tender joint counts (TJC), PGA (in cm) and CRP levels (in mg/
dL) and for a patient to meet remission criteria, all of these
must have scores of 1 or less. The SDAI index-based definition
of remission sums the scores for the components used in the
Boolean definition plus evaluator/physician global assessment,
and patients meet this definition if the score is <3.3."

We evaluated an expansion of the current Boolean definition
of remission by increasing the cut-off of the PGA criterion step-
wise (using a 0-10cm VAS) by 0.5 cm increments from 1cm to
1.5, 2.0, 2.5 and 3.0cm. We will refer to them as Booleanl.35,
Boolean2.0, Boolean2.5 and Boolean3.0, respectively. Addition-
ally, we omitted the PGA criterion completely from the Boolean
definition, labelling this definition as BooleanX; in this defini-
tion, only CRP, TJC and SJC need to score <1to attain remis-
sion, independent of the PGA value.”

Analyses

We assessed agreement of modified Boolean remission rates at
6 and 12 months with the SDAI definition of remission using
McNemar’s test for agreement. We tested which PGA cut-off in
the Boolean remission criteria yielded the best agreement with
SDAI remission.""

As a next step, we explored the impact of using the modified
Boolean remission definitions assessed at 6 months on outcomes
at 1year. Differences in mean radiographic progression (based
on the change in modified total Sharp score (mTSS) between
baseline and 1year), number of patients without progression
(change in score =0), mean functional scores (Health Assesss-
ment Questionnaire (HAQ) scores, physical component scores
of the Short Form 36 (SF-36)) and patients with normal function
(HAQ =<0.5 at 1year), were assessed. The distribution of 1-year
outcomes was depicted in cumulative frequency plots, separately
for patients attaining the various ‘modified’ remission defini-
tions at 6 months. These analyses were then repeated separately
for patients with early and late RA.

To obtain a more sensitive assessment of differences in struc-
tural and functional outcomes, we looked at these outcomes for
the non-overlapping modified Boolean definition groups (ie,
Boolean20 would not include Boolean15 or lower; and analo-
gously for the other definitions). We compared differences in
distribution of mTSS changes, HAQ and SF-36 physical compo-
nent scores at 1year between discrete modified Boolean defini-
tions (ie, Boolean1.5 only those with PGA of 1.1-1.5, and so on)
at the 6-month time point. We used data from patients with early
RA only, since numbers of patients with established RA were too
few for this analysis.

Furthermore, we conducted a classification and regression tree
(CART) analysis to predict SDAI remission in early and estab-
lished RA based on PGA at weeks 22 and 54 (R rpart package;
https://cran.r-project.org/web/packages/rpart/index.html) to
determine the PGA cut-off in patients fulfilling the other three
Boolean criteria, which shows the highest likelihood of fulfilling
the SDAI definition of remission. We then performed receiver
operating curve analyses (ROC) to test sensitivity and specificity
of all PGA cut-offs between 1 and 2 cm.

Patient and public involvement statement
The place and interpretation of the PGA in defining remission in
RA from a patient perspective have repeatedly raised concerns of
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Rates of remission by modified Boolean classifications, using a patient global assessment (PGA) cut-off of 1.0 ('Boolean’), 1.5, 2.0, 2.5,

3.0cm, or omitting the PGA completely (BooleanX). Rates in % of total, separately depicted at 6 (red bars) and 12 months (black bars) time points; on
the left for those in early rheumatoid arthritis (RA) and on the right for established RA.

physicians and patients.>* For this reason, we included an expe-
rienced patient research partner (PRP) in this study (MdW). The
PRP was involved throughout the research process and provided
critical feedback during all stages of analysis. Face-to-face meet-
ings with the PRP took place in conjunction with EULAR meet-
ings and the PRP will disseminate findings in relevant patient
communities.

RESULTS

Data from 2600 trial patients, 1680 with early RA (mean disease
duration: 1.5%3.0 years) and 920 with established RA (mean
disease duration: 9.7 +8.4 years) were included. As expected, the
rates of patients achieving modified Boolean remission increased
with an increase in the PGA cut-off from 12.4% (n=208) to
19.7% (n=331) in early RA and 5.9% (n=54) to 12.3% (n=113)
in established RA at 6 months and 19.9% (n=335) to 30.1%
(n=506) and 11.4% (n=105) to 22.5% (n=207), respectively,
at lyear (figure 1). For both early and late RA, the increase
in remission rates was already pronounced when moving the
PGA cut-off of from 1.0 to 2.0 cm (444 patients (+21%) at 6
months) and less when moving the cut-off from 2.0 to 3.0 cm
(429 patients (+149%) at 6 months); however, omitting the PGA
criterion completely (BooleanX definition) led to an even larger
increase in remission rates compared with the Boolean3.0 cate-
gory (+50 patients at 6 months; see also online supplementary
table 1).

Concordance of modified Boolean remission with SDAI
remission

When evaluating the best cut-off for concordance of SDAI and
Boolean remission, we found that by increasing the PGA cut-
off to 1.5 or 2.0cm, higher concordance rates between the
two definitions were achieved, leading to fewer patients who
only fulfilled SDAI remission without fulfilling the respective
Boolean remission. The percentage of Boolean remitters (within
the SDAI remitters) increased from 74% to 85% when using the
Boolean2.0 definition at 6 months, and from 79% to 89% at
the 1-year visit. At the same time, however, there was a slight
increase in patients fulfilling the Boolean criteria only within the
SDAI non-remitter group (from 1.3% to 3.0% at 6 months and
from 1.5% to 4.1% at 1year). Overall, kappa values with SDAI
remission were almost identical for the Boolean2.0 definition
compared with the traditional Boolean definition (at 6 months:

0.80595%CI 0.76 to 0.83, vs 0.78; 0.74 to 0.81; at 1 year: 0.83;
0.80 to 0.86 vs 0.82; 0.80 to 0.85).

When exploring this separately for patients with early and
established RA, we found that the concordance between Boolean
and SDAI definitions (by means of kappa) was lower in patients
with established RA in particular at 6 months, with similar values
to early RA at 1year (figure 2). Regardless of population (early
vs late) or time point during the trial (6 months vs 12 months),
agreements between the two remission definitions were better
when using the Boolean1.5 and 2.0 definition (as seen in the
overall data). A further increase in the PGA cut-off beyond 2 cm
led to a decrease in concordance; this drop in congruence was
very clear when omitting the PGA (lower kappa values than for
the traditional Boolean remission). In summary, the increase of
the cut point from 1.0 to 2.0 increased the number of patients
in remission with a similar overall agreement with the SDAI
definition.

Additionally, using CART analyses revealed in patients with
SJC, TJC and CRP all <1, that depending on the population
(early vs established) or time point of analysis (6 months vs 12
months), the PGA cut-off with the highest likelihood of concur-
rent SDAI remission ranged between <1.1 and <1.6 cm (table 1,

6 months 12 months
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Figure 2 Kappa with Cls between modified Boolean remission
categories and Simplified Disease Activity Index (SDAI) remission,
separately for early rheumatoid arthritis (RA) (blue line) and established
RA (red line) at 6months and at 12 months.
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*? marks). In ROC analyses, sensitivity and specificity character-
istics of PGA cut-offs in 0.1cm increments from 1.0 to 2.0 are
outlined in table 1, supporting cut-offs of CART analyses. The
retrieved lower sensitivity and specificity of PGA at 6 months in
patients with established RA compared with early RA is in line
with the general worse agreement (lower kappa) of Boolean defi-
nitions and SDAI definitions in this population. When aiming for
high sensitivity of the PGA criterion in modified Boolean defi-
nition to coincide with the SDAI definition for all patients with
RA, 1.5 seems to be an appropriate cut-off, resulting in similar
sensitivity at both time points (95% at 6 months, and 94% at 12
months).

Structural and functional implications of remission definitions

We studied the distribution of HAQ scores at 1year and of X-ray
progression (amTSS) separately for patients in the different
Boolean definitions. The radiographic outcomes were inde-
pendent of the PGA cut-off, and score changes were similar
between different definitions (mean amTSS for Boolean1.5, 2.0,
2.5, 3.0 and BooleanX were: 0.38+5.14, 0.41+5.1, 0.37+4.9,
0.34%+4.9and 0.27+4.7). These Boolean definitions also led
to similar fraction of patients progressing during the first year
(defined as amTSS>0; for Boolean1.0, 1.5, 2.0, 2.5, 3.0 and
BooleanX: 39.3%, 39.4%, 38.6%, 38.1%, 37.5% and 37.3%).

In contrast to the expected radiographic data, higher PGA
thresholds were accompanied by higher HAQ scores, with
BooleanX showing the highest level of functional impairment.
The proportion achieving a good functional outcome defined
as HAQ=0.5 was 90.2%, 87.9%, 85.2%, 81.1%, 80.7% and
73.1% for Boolean, 1.5, 2.0, 2.5, 3.0 and BooleanX, respec-
tively; mean HAQ scores were 0.15+0.31, 0.19%0.37,
0.22+0.39, 0.26%0.42, 0.27+0.43and 0.37%=0.52, respec-
tively. Scores in established RA were generally worse than for
early RA but the distribution over different Boolean classifica-
tions remained similar (figure 3 depicts results for early RA; and
online supplementary figure 1 oneestablished RA). The SF-36
physical component scores were distributed like the HAQ scores
and were worse when the PGA was completely omitted (green
line). The distribution of scores was likewise similar in estab-
lished RA but appears generally worse than in early.

We have also explored these distribution plots in non-
overlapping groups of modified Boolean remitters, so that every
patient is attributed to only one definition (eg, Boolean2.0 remit-
ters would not include Boolean1.0 or Boolean1.5 remitters in this
analysis). We found distinct distributions of scores on HAQ and
SF-36 physical components (online supplementary figure 2). The
rate of progressors in mTSS was not different between Boolean
and BooleanX patients (40.6% vs 32.0%; p=0.264). However,
as the remission threshold for PGA increased, the proportion
with good functional outcomes (defined as HAQ=<0.5) decreased
and this proportion dropped further when PGA was completely
removed (HAQ=<0.5 (n) in Boolean, 1.5, 2.0, 2.5, 3.0 and Bool-
eanX: 92.3% (193), 75.9% (22), 47.1% (8), 33.3% (7), 77.8%
(7), 37.3% (19)).

DISCUSSION

Pooling six different large clinical trials, we evaluated the role of
PGA, or its cut-off, in the Boolean remission definition, as well
as its impact on outcomes. We used the SDAI remission defini-
tion, which is the ACR/EULAR index-based remission criterion,
as the comparator in our analyses. Maintaining SJC, TJC and
CRP at their maximum cut-point of 1, we tested different levels

Cumulative frequency plot of amTSS scores at 1 year
stratified by Boolean classifications at 6 months
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Figure 3 Cumulative frequency distribution of X-ray change (mTSS),
HAQ and SF-36 physical component scores in patients with early
rheumatoid arthritis (RA), separately by categorisation in modified
Boolean remission definitions and Simplified Disease Activity Index
(SDAI) remission (overlapping groups).

of PGA as the fourth component of the Boolean criteria to see if
higher PGA scores would change overall outcomes.

Generally, in our population, around 40% of the patients
showed radiographic progression, in accordance with other
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studies. Nevertheless, the mean amTSS was low, in line with
observations of a secular trend of lower progression rates.*’
The observed somewhat high rates of progression in remission
can be explained by the latency (or carry-over) effect of disease
activity on radiographic progression.’® Furthermore, since SJC
and CRP are associated with joint damage,'® *” we did not expect
to see differences in damage progression rates when higher PGA
scores were a component of the Boolean remission criteria, and
this was observed in our analyses. In contrast, physical function
as assessed by the HAQ, but also by SF-36, deteriorated with
increasing the threshold for PGA. However, the difference in
good functional outcomes was small when comparing 1, 1.5
and 2cm ratings of the PGA (about 5% difference in propor-
tions of normative HAQ), while this difference was much larger
when PGA was completely excluded. Since remission ought to
encompass clinical, structural and functional remission,’’ the
omission of the PGA from Boolean criteria is not in line with an
optimal understanding of remission. On the other hand, many
more patients (+20% in early RA at 6 months) can be classified
as in remission by Boolean criteria when the threshold for the
PGA is increased from 1 to 2 cm, without a major loss of good
outcomes. Still, one may ask if the PGA should be included at
all in a definition of remission of inflammation, since functional
outcomes, for whatever reason are worse, independent of differ-
ences in radiographic progression. Other studies have, however,
shown that the HAQ has only a minor influence on PGA score,
suggesting there is little reverse causation, whereas pain is the
greatest driver of PGA.% 3® This integration of patient-derived
factors and more objective markers provides a robust overall
assessment of disease activity. An exclusion would constitute
a step back in disease activity assessment. In addition, studies
informing the work developing the definition of improve-
ment' showed that PGA was usually the outcome measure
that best discriminated disease modifying antirheumatic drugs
(DMARD:s) from placebo, suggesting that PGA provides infor-
mation on inflammation and its response to treatment. Omitting
PGA would compromise the ability to detect treatment efficacy.

One goal of this study was to increase the concordance between
two equally applicable definitions of remission. While this may
seem to be circular, it can also be seen as a strength, since both
definitions have been confirmed to coincide with high predictive
validity for the inhibition of bad outcome.' ** This constitutes a
main reason for targeting remission in the treatment of patients
with RA. All trials included in this study have been conducted
in the last decade and investigated MTX and TNFi, although
nowadays many other DMARD classes are available. In partic-
ular, Jak inhibitors have shown fast response; however, Jak-
inhibitor trials of the last years outlined 6-month and 12-month
Boolean remission rates between 7% and 239%,** similar to
our patients with early RA (12%-20%).

Based on the comprehensive interpretation of the results from
the kappa, CART and ROC analyses, increasing the PGA cut-
off to 1.5cm would provide the highest consistency between
Boolean and index-based remission, while the integer cut-off
of 2cm (or 2/10) would also allow the use of an integer-based
numerical rating scales. We acknowledge that a 2cm cut-off,
instead of 1.5cm, harbours the risk of lower specificity for
remission. However, when considering that in patients, who
score a PGA<1cm, a smallest detectable difference for the PGA
ranging between 1.3 and 1.8cm has been reported.* Another
study outlined even a smallest detectable difference of 2.3 cm in
the PGA.* This suggested new cut-off would discount the strin-
gency of the PGA in the remission context, while keeping the

patient perspective as a core element of RA disease activity eval-
uation, without compromising long-term structural outcomes.

A cut-off beyond 2cm would not only jeopardise agreement
with the index definition and be associated with poorer long-
term function but also require other factors to be considered.
While mostly pain and partly fatigue influence PGA irrespec-
tive of disease activity,*® pain and fatigue may also reflect active
inflammation and thus disease activity in many patients.*

Although to a much smaller extent than PGA, it needs to be
noted that also joint swelling and CRP levels may not always
be accurate: joint swelling may often be doubtful, observer-
dependent or related to concomitant diseases, such as osteoar-
thritis, and increased CRP may be caused by other concomitant
diseases, such as undetected infection.*”~* Analogously, SJC and
CRP levels may be elevated even though a patient is in RA remis-
sion.”® Furthermore, certain drugs, such as IL-6- and Jak inhibi-
tors, may normalise CRP irrespective of clinical improvement®®
(and, thus, lead to potential undertreatment with the conse-
quence of joint damage progression and irreversible disability).
This may be even more misleading than a high patient global
which still necessitates a physician’s attention. Its relation to
inflammation can be well differentiated from a relation to non-
inflammatory abnormalities by most rheumatologists using a
patient-centred approach.

This patient-centred approach needs to accompany any clin-
ical consultation and should address the background to situa-
tions, where the PGA may indeed be unduly high.>! The fact that
fatigue, pain, anxiety and function influence the variance of the
PGA in a state of near remission®* *2* also shows that the score
represents factors, that would not be covered otherwise and may
be influenced by inflammation. Some lack of specificity may be
caused by the question phrasing (eg, DAS used to include a PGA
on global health, not specifying arthritis-related symptoms).
When the PGA does not specify arthritis-related symptoms, it
may lead to a misimpression that RA is active while in reality
other factors may explain a patient’s score.

Other factors that influence the outlined remission criteria
need to be considered on application to the respective patient.
This has been clearly stated in the treat-to-target recommen-
dations, where recommendation 5 states: “The choice of the
(composite) measure of disease activity and the target value
should be influenced by comorbidities, patient factors and drug-
related risks” and certain comorbidities, such as fibromyalgia,
are explicitly mentioned.

Our findings suggest that modifying the cut-off for PGA in the
Boolean criteria for remission to 2 (on a scale of 0-10) results in
better agreement with the SDAI-based ACR/EULAR definition
of remission than when using the current PGA definition of 1.
This change should be strongly considered.
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