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Systemic Lupus Erythematosus Disease Activity Index
2000 Responder Index-50 Enhances the Ability of SLE
Responder Index to Identify Responders in Clinical
Trials
ZAHI TOUMA, DAFNA D. GLADMAN, DOMINIQUE IBAÑEZ, SHAHRZAD TAGHAVI-ZADEH, 
and MURRAY B. UROWITZ

ABSTRACT. Objective. To evaluate the performance of the Systemic Lupus Erythematosus (SLE) Responder Index
(SRI) when the SLE Disease Activity Index 2000 (SLEDAI-2K) is substituted with SLEDAI-2K
Responder Index-50 (SRI-50), a valid and reliable index of disease activity improvement. Also, to
determine whether the SRI-50 will enhance the ability of SRI in detecting responders.
Methods. Our study was conducted on patients who attended the Lupus Clinic from September 2009 to
September 2010. SLEDAI-2K, SRI-50, the British Isles Lupus Assessment Group measure, and the
Physician’s Global Assessment were determined initially and at followup. SRI was determined at the
followup visit according to its original definition using the SLEDAI-2K score and by substituting
SLEDAI-2K with SRI-50.
Results.A total of 117 patients with SLEDAI-2K ≥ 4 at baseline were studied. Patients had 1 followup
visit over a 3-month period. Twenty-nine percent of patients met the original definition of SRI and 35%
of patients met the definition of SRI when SLEDAI-2K was substituted with SRI-50. The use of SRI-
50 allowed determination of significant improvement in 7 additional patients. This improvement could
not be discerned with the use of SLEDAI-2K as a component of SRI. At followup visits that showed
improvement, SRI-50 scores decreased to a greater extent than SLEDAI-2K scores (p < 0.0001). 
Conclusion. SRI-50 enhances the ability of SRI to identify patients with clinically important improve-
ment in disease activity. SRI-50 was superior to SLEDAI-2K in detecting partial clinical improvement,
≥ 50%, between visits. These properties of the SRI-50 enable it to be used as an independent outcome
measure of improvement or as a component of SRI in clinical trials. (J Rheumatol First Release Sept 1
2011; doi:10.3899/jrheum.110550)
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With the advent of potential new therapies for systemic lupus
erythematosus (SLE), there is a great need to refine the SLE
Disease Activity Index 2000 (SLEDAI-2K) to be able to
measure partial clinically important improvement, ≥ 50%, in
disease activity in clinical trials. For this purpose the
SLEDAI-2K Responder Index-50 (SRI-50) was developed in
20091. In 2010, the initial validation of SRI-50 was reported2.
As a first effort toward validating SRI-50, we assessed its con-
tent validity, face validity, practical applicability including
administration and scoring, and concurrent construct validi-
ty1,3. We studied 141 patients with SLE and showed that SRI-
50 is a valid index that detects clinically significant improve-
ments (≥ 50%) between visits in patients with SLE3. SRI-50
was able to measure improvement in both clinical disease
manifestations and SLE-related laboratory abnormalities3.
Further, SRI-50 detected partial improvement between visits
in some patients who improved but in whom the SLEDAI-2K
30-day measure did not discern this improvement1,3,4,5,6. The
SRI-50 Data Retrieval Form, developed and validated to stan-
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dardize the documentation of the descriptors of SRI-50,
ensures the optimal performance of SRI-503. More recently
we have shown that SRI-50 has intrarater and interrater relia-
bility and can be used by both rheumatologists and trainees,
and performs equally well with rheumatologists familiar with
the instrument and those not familiar with it7. To facilitate the
introduction of SRI-50 for general use, an SRI-50 manual has
been developed along with a dedicated Website for SRI-50,
www.sri-50.com. The Website includes both training and
examination modules that familiarize rheumatologists with
the SRI-50 Definitions and the SRI-50 Data Retrieval Form
and assess their success in mastering the instrument.

Evidence-based exploratory analysis of the B lymphocyte
stimulating factor antagonist belimumab in a phase II SLE
trial led to the development of a novel responder index for
SLE, the SRI, able to define a clinically meaningful change in
disease activity8,9. SRI is a composite outcome that incorpo-
rates the modification of SLEDAI that was developed for the
Safety of Estrogens in Lupus Erythematosus: National
Assessment trial (SELENA-SLEDAI), the British Isles Lupus
Assessment Group (BILAG) activity index, and the
Physician’s Global Assessment (PGA)6,10,11,12. As proposed
by the authors of SRI, the SELENA-SLEDAI score was used
to determine global improvement. The BILAG domain scores
were used to ensure that no significant worsening in organ
systems has occurred (no new “A” score or 2 new “B” scores).
The PGA ensured that improvement in disease activity is not
achieved at the expense of the patient’s overall condition8.
The SRI was initially assessed in a subset of 321 serological-
ly active patients in a phase II belimumab placebo-controlled
clinical trial. In serologically active patients, the addition of
belimumab to the standard of care therapy resulted in a statis-
tically significant response in 46% of patients at Week 52
compared with 29% of the placebo patients8. More recently, a
phase III study of the effect of belimumab used this novel 3-
part outcome response measure and was able to show a statis-
tically significant difference in response among patients tak-
ing the drug as compared to placebo13.

The purpose of our study was (1) to evaluate the perform-
ance of the SRI when the SLEDAI-2K is substituted with the
SRI-50; and (2) to determine if the SRI-50 will enhance the
ability of the SRI in detecting improvement in disease activi-
ty. We hypothesized that the substitution of SLEDAI-2K with
SRI-50 in the SRI increases the ability to identify patients
with clinically significant improvement3,7,8.

MATERIALS AND METHODS

Patient enrollment and selection. All patients attending the Lupus Clinic from
September 2009 to September 2010 were enrolled in a prospective longitudi-
nal study. All patients met the American College of Rheumatology classifica-
tion criteria for SLE14. At each visit a complete history was taken including
demographics, and a physical examination and laboratory tests were per-
formed. Patients were studied who had active SLE at the baseline visit, with
SLEDAI-2K 30 days ≥ 4, and had 1 followup visit 1-3 months later15.

Outcome measures. SLEDAI-2K is based on the presence of 24 descriptors in

9 organ systems over the patient’s past 30 days. The total score of SLEDAI-
2K falls between 0 and 105, with higher scores representing increased disease
activity4,5,6,15.

The SRI-50 comprises the same 24 descriptors, covering 9 organ systems,
and reflects disease activity over the previous 30 days, as does SLEDAI-2K6.
The SRI-50 data retrieval form standardizes the documentation of the descrip-
tors and performed extremely well in all descriptors, which is especially rel-
evant for multicenter studies that form the backbone of any therapeutic eval-
uation for SLE3. The SRI-50 score is evaluated at the followup visit and cor-
responds to the sum of each of the 24 descriptors’ scores found on the SRI-50
data retrieval form. The method of scoring is simple, cumulative, and intu-
itive, similar to the SLEDAI-2K. One of 3 situations can occur when a
descriptor is present at the initial visit: (1) the descriptor has reached complete
remission at followup and the score would be “0”; (2) the descriptor has not
reached a minimum of 50% improvement at followup and the score would be
identical to its corresponding SLEDAI-2K value; or (3) the descriptor has
improved by ≥ 50% (according to the SRI-50 definition) but has not achieved
complete remission, in which case the score is evaluated as half of the score
that would be assigned for SLEDAI-2K. If a descriptor was not present at the
initial visit, the value for SRI-50 at the followup visit will be the same as that
for SLEDAI-2K. This process is repeated for each of the 24 descriptors.
Finally the SRI-50 score at followup is evaluated as the sum of the 24 indi-
vidual descriptors’ scores.

The revised BILAG index (BILAG 2004) has been developed from the
original index, based on the principle of a physician’s intention to treat11,16.
BILAG 2004 includes 9 systems. Based on physician’s intention to treat, the
scoring of BILAG is categorized as follows: A = severe disease activity, B
= moderate disease activity, C = mild disease activity, D = inactive disease
but previously affected, and E = inactive with no previous involvement16.
In BILAG 2004, index items that are improving are scored less severely
than those that are new, worse, or the same. BILAG scores in this study
were generated with the British Lupus Integrated Prospective System17.

During the baseline and followup visit, a PGA was determined on a visu-
al analog scale (VAS) line of 100 mm, with anchors of 0 (no disease activity)
and 10 (very active disease). Any increase on PGA from baseline was con-
sidered clinically significant worsening. Patients with worsening on PGA
from baseline were defined as nonresponders to the SRI.

Patient assessment. At the baseline visit, SLEDAI-2K 30 days and BILAG
scores were determined and the SRI-50 data retrieval form was
 completed11,15,16.

At the followup visit at 1–3 months, the SRI-50 data retrieval form was
completed, and SLEDAI-2K and SRI-50 scores were determined3. BILAG
scores and PGA were determined.

Patients were treated with standard of care as determined by the treating
rheumatologist.

Study design. SRI was determined at the followup visit according to the orig-
inal definition using SLEDAI-2K score8. SRI was defined as (1) ≥ 4-point
reduction in SLEDAI-2K score, (2) no new BILAG A or no > 1 new BILAG
B domain score, and (3) no deterioration from baseline in the PGA. 

The SLE Responder Index was further evaluated in the same group of
patients, but this time substituting SLEDAI-2K with SRI-503. Patients who
showed worsening in disease activity on the followup visit (an increase in the
SLEDAI-2K score) were excluded from the analysis.

Statistical analysis. Descriptive statistics were used for the characteristics of
the patients and the results of the analysis (proportions and percentages). We
determined the number of responders who met the SRI on the followup visit
using SLEDAI-2K and SRI-50. We determined the mean change of SLEDAI-
2K scores among all patients [∆ SLEDAI-2K = SLEDAI-2K (baseline to fol-
lowup)] and the mean change of SRI-50 scores [∆ SRI-50 = SLEDAI-2K
(baseline) to SRI-50 (followup)]. The paired t test was used to compare the
mean ∆ SLEDAI-2K and the mean ∆ SRI-50 scores.

RESULTS

Patient demographics. One hundred seventeen patients had
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baseline SLEDAI-2K ≥ 4 and a followup visit and were stud-
ied further. The patient profiles included 106 (90.6%) women
and 11 (9.4%) men. Fifty-five percent were white, 19% black,
10% Asian, and 16% others. The age at baseline visit was 42.0
± 14.0 years and disease duration at baseline was 13.0 ± 10.1
years. The time from baseline to followup visits was 3.0 ± 1.2
months (Table 1).

Disease activity results. Mean SLEDAI-2K scores were 8.02
± 4.53 at baseline visit and 5.82 ± 4.50 at followup visit, while
mean SRI-50 scores were lower at 5.10 ± 3.95 at followup (p
< 0.0001). The mean change of SLEDAI-2K scores (∆
SLEDAI-2K) among all patients was –2.20 ± 2.87 and the
mean change of SRI-50 scores (∆ SRI-50) was –2.91 ± 3.03.
The mean change ∆ SLEDAI-2K and the mean change ∆ SRI-
50 scores at followup visits were statistically significantly dif-
ferent (p < 0.0001; Table 2 and Figure 1).

Thirty-four patients (29%) met the original definition of
SRI. Forty-one patients (35%) met the definition of SLE
Responder Index when SLEDAI-2K was substituted with
SRI-50 score (Figure 2). The use of SRI-50 definitions
allowed determination of a clinically significant improvement
in 7 additional patients (Table 2 and Figure 2).

DISCUSSION

In light of the complexity and heterogeneity of SLE manifes-
tations, it has become clear that a reliable, valid responder
index is required to accurately detect and verify the efficacy
of new therapeutic strategies in clinical trials. We have recent-
ly described the development and validation of SRI-503. The
newly developed SRI-50 is a reliable and valid index to reflect
partial important improvement (≥ 50%) in disease activity
between visits in response to treatment. 

We compared the performance of SRI on 117 patients with
active disease treated with standard of care and followed up
after 3 months. The advantage of using SRI-50 instead of
SLEDAI-2K as a component of SRI was demonstrated by
increasing the percentage of responders from 29% to 35%.
This degree of improvement could not be discerned with the
use of SLEDAI-2K as a component of SRI. In our previous
study, we used SRI-50 in 141 patients and showed that the
decrease in SRI-50 scores was clinically significant, meeting
the accepted definition of improvement of a decrease in
SLEDAI-2K of ≥ 4. This improvement was not achieved with
SLEDAI-2K scores on followup visits3. Indeed, this reflected
the ability of SRI-50 to detect partial and important improve-
ment between visits in patients who improved, while the
SLEDAI-2K did not discern this improvement. In our current
study, we showed that on followup visits, SRI-50 scores in
studied patients decreased to a greater extent compared to
SLEDAI-2K scores, and this was statistically significant (p <
0.0001). This difference between SRI-50 and SLEDAI-2K
scores resulted from the ability of SRI-50 to pick up partial
improvement in the descriptors that meet the SRI-50 defini-
tions of improvement. The results of the previous and current
studies encourage the use of SRI-50 as an independent out-
come measure of disease activity improvement in current
 trials3.

It is important to note that the original SLE Responder
Index used in the belimumab trials required for response “no
more than 0.3 units increase in the PGA using the point scor-
ing on the SELENA-SLEDAI PGA.” In our study no worsen-
ing was allowed in the PGA using the VAS of 100 mm. The
SELENA trial proposed a new modification of SLEDAI. In
the SELENA-SLEDAI, several descriptors were modified in
particular: visual disturbance, pleurisy and pericarditis, arthri-
tis, and others. For instance, SLEDAI and its new version
SLEDAI-2K mandate the presence of subjective (pleuritic or
pericardial pain) and objective (rub, effusion, electrocardio-
gram or echocardiogram confirmation, or pleural thickening)
findings for pleurisy and pericarditis to be scored as present.
In the SELENA-SLEDAI, researchers accepted the presence
of either the objective or subjective findings to score the
descriptor as present. Despite the modifications in some of the
descriptors, SELENA-SLEDAI acts similarly to SLEDAI-2K.
It is important to highlight that there has been no validation of
all of the modifications introduced in SELENA-SLEDAI.
Thus the SELENA-SLEDAI version lacks the stringent vali-
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Table 1. Characteristics of the patients.

Characteristic

Sex, no. (%)
Women 106 (90.6)
Men 11 (9.4)

Race, no. (%)
White 64 (55)
Black 22 (19)
Asian 12 (10)
Other 19 (16)

Age at baseline, yrs, mean ± SD 42.0 ± 14.0
SLE duration at baseline, yrs, mean ± SD 13.0 ± 10.1
Time from baseline to followup visit, mo 3.0 ± 1.2

SLE: systemic lupus erythematosus.

Table 2. Disease activity results.

Index

SLEDAI-2K at baseline 8.02 ± 4.53*
SLEDAI-2K at followup 5.82 ± 4.50*
SRI-50 at followup 5.10 ± 3.95*
∆ SLEDAI-2K –2.20 ± 2.87*
(SLEDAI-2K baseline—SLEDAI-2K followup)
∆ SRI-50 –2.91 ± 3.03*
(SLEDAI-2K baseline-SRI-50 followup)
No. patients who met SRI (%)

Using SLEDAI-2K 34 (29)
Using SRI-50 41 (35)

* All p values are < 0.0001: for SLEDAI-2K (baseline) vs SLEDAI-2K
(followup); SLEDAI-2K (baseline) vs SRI-50 (followup); ∆ SLEDAI-2K
(followup) vs ∆ SRI-50 (followup). SLEDAI-2K: Systemic Lupus
Erythematosus Disease Activity Index 2000; SRI-50: Systemic Lupus
Erythematosus Responder Index-50.

 www.jrheum.orgDownloaded on April 20, 2024 from 

http://www.jrheum.org/


dation steps that are essential before a measure can be used in
clinical trials or research settings. SLEDAI-2K was validated
against SLEDAI using the entire cohort of the University of
Toronto Lupus Clinic. In our research center we have used the
SLEDAI-2K and not the SELENA-SLEDAI. We have also
used SLEDAI-2K to assess the patients in our current study.
Thus the first component of the SRI was determined using
SLEDAI-2K. The modification of PGA and SELENA-
SLEDAI in the SRI definition would be unlikely to change the
outcome of our study. Nevertheless, it does require clarifica-
tion that this protocol is not identical to the original PGA com-
ponent and SLEDAI component of the SRI and should be
referred to as a modified SRI.

Retrospective application of the SRI to data from a phase
II randomized controlled trial of belimumab in patients with

active SLE demonstrated that belimumab treatment resulted
in a statistically larger percentage of responders than treat-
ment with placebo8. More recently, SRI was used as the pri-
mary outcome measure in a multicenter phase 3 study at Week
52. The results showed that belimumab with standard of care
resulted in a significantly higher response rate than did place-
bo with standard of care at Week 52. Belimumab 10 mg/kg
resulted in a significantly greater response than did placebo in
all 3 SRI components, while belimumab 1 mg/kg resulted in a
greater response than did placebo in 2 components (SELENA-
SLEDAI and PGA)13. It is likely that the percentage of
responders in this trial would have been higher and still be
clinically significant had SRI-50 been used rather than SELE-
NA-SLEDAI.

The results of our study showed that SRI-50 detects partial
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Figure 1. Disease activity scores at baseline and followup. SLEDAI: Systemic Lupus
Erythematosus Disease Activity Index; SRI: SLE Responder Index. 

Figure 2. Percentage of patients who met SLE Responder Index definition. SLEDAI: Systemic
Lupus Erythematosus Disease Activity Index; SRI: SLE Responder Index. 
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but clinically important improvement (≥ 50%) in disease
activity between visits in response to treatment. The substitu-
tion of SRI-50 for SLEDAI-2K in the SRI increases its abili-
ty to identify responders. This validation of the SRI-50
enables it to be used as an outcome measure in clinical trials.
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