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Impact of standard of care treatments and disease 
variables on outcomes in systemic lupus erythematosus 
trials: analysis from the Lupus Foundation of America 
Collective Data Analysis Initiative

Abstract

Objective: Most clinical trials for systemic lupus erythematosus (SLE) study the efficacy and safety of investigational agents added to variable 
background immunosuppressants, which has resulted in high response rates in patients treated with placebo plus standard of care (SOC) 
plus rescue measures. This project compared the impact of different SOC treatments and disease variables on the outcomes of SLE trials. 
Material and Methods: Data were obtained from 981 patients receiving only SOC treatments in three nephritis and three general SLE trials 
to compare response and flare rates on the basis of the British Isles Lupus Assessment Group (BILAG) index, a measure common to all trials. 
Results: For subjects enrolled in general SLE trials (n=173), those receiving mycophenolate mofetil (MMF) had more severe baseline disease, 
included more patients of African descent, and were administered higher baseline steroid doses compared with those receiving azathio-
prine (AZA) or methotrexate (MTX). BILAG responses at week 12 were MMF 35%, AZA 49%, MTX 34%, and no immunosuppressant (NIS) 
65%. At week 52, MMF response rates increased to 41% despite reducing the steroid doses, but fell in all others (p=0.07, adjusted for steroids). 
Patients with severe disease activity at baseline (SDAB) who were defined as ≥1 BILAG A (severe) organ score had lower response rates to 
AZA or MTX but higher rates to MMF or NIS. Interim flares were highest with MMF [flares/patient–year (pt–yr)]. For all flares, rates were as 
follows: AZA 1.24, MMF 1.87, MTX 1.42, and NIS 0.81 and severe flares were as follows: AZA 0.66, MMF 1.29, MTX: 1.20, and NIS 0.55. Interim 
flares occurred in 71% of MMF-endpoint responders, 54% of AZA, 50% of MTX, and 22% of NIS. Patients with SDAB had more flares than 
moderate patients in the MMF and MTX groups: MMF: 2.39 vs. 1.03 flares/pt−yr (p=0.01), MTX: 2.33 vs. 0.63 (p=0.0002), severe flares: 1.87 vs. 
0.34 for MMF (p=0.0013), 2.13 vs. 0.40 for MTX (p<0.0001). In nephritis trials (n=808), MMF subjects received less steroids than intravenous 
cyclophosphamide and response rates were similar, but MMF-treated patients had fewer severe flares (p=0.03).
Conclusion: Compared with MMF, AZA and MTX were associated with lower response rates at week 52. AZA-treated subjects had fewer flares and 
remained more stable in trials while engendering lower placebo plus SOC responses. MMF-treated subjects had frequent responses but more 
flares, suggesting that flares should be included in endpoint definitions. Given the likelihood of treatment selection bias, these data do not provide 
conclusions regarding efficacy but may help future trial designs by distinguishing factors definable at entry that are predictive of outcomes. 
Keywords: Systemic lupus, clinical trials, immunosuppressants  

Introduction
In the past decades, many investigational agents for systemic lupus erythematosus (SLE) have failed to 
meet the endpoints of phase II or III clinical trials. Exploratory analysis of completed studies suggests that 
disparate background immunosuppressant regimens, which are allowed as a background therapy in these 
trials, interfere with the discrimination between investigational agents and placebo (1-3). Unresolved 
questions regarding the impact of standard treatments on an already heterogeneous population have 
decreased the confidence in whether the treatments or trial designs have failed. 

Data suggests that when targeted biologics are tested in a multifactorial disease, there could be a maxi-
mum ceiling effect of 40%–50% on the potential response rates (4-6). Therefore, it would be optimal if the 
background and rescue medications did not themselves approach 40% efficacy when administered in pla-
cebo groups. Presumably, standard of care (SOC) treatments are not interchangeable, and on the basis of the 
clinical practice and experience, these treatments are not administered to identical types of patients. Thus, 
some SOC treatments may be associated with greater response rates in some trials than in others despite (or 
even because of ) a treatment selection bias being inherent in including patients with respect to the various 
background treatments. To examine this hypothesis, a data repository was required from substantial numbers 
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of patients who had participated in clinical trials 
and who had received only SOC treatments. 
The Collective Data Analysis Initiative (CDAI) 
comprises clinical investigators who work in 
designing, execution and the analysis of bio-
pharmaceutical clinical trials in SLE. An initial 
data repository was collected from six com-
pleted registered clinical trials, including pla-
cebo groups from five biological trials and one 
study in which two standard treatments were 
compared. Differences in the populations who 
were included in these trials on different treat-
ments were evaluated, and the response and 
flare rates in these groups were compared. 

Material and Methods
De-identified data from patients treated with 
SOC in six multicenter, randomized, place-
bo-controlled phase II or III clinical trials were 
combined as part of CDAI (7), resulting in data 
from 993 subjects with an international mix-
ture of races, cultures, and local treatment stan-
dards. The ethic committees’ approvals were 
obtained according to local regulations, and 
informed consent procedures were complet-
ed in accordance with the Helsinki Declaration 
version that was in effect at the time of each 
trial. Three of the trials enrolled SLE patients 
with active disease but without acute nephritis 
(general SLE), and the other three trials enrolled 
patients suitable for nephritis-induction treat-
ment. The following SOC medication groups 
were evaluated in general SLE trials: azathio-
prine (AZA), mycophenolate mofetil (MMF), 
methotrexate (MTX), or no immunosuppres-
sant (NIS). Nephritis trials compared MMF vs. 
intravenous cyclophosphamide (IVC). Subjects 
in all groups received variable use and dosage 
of antimalarials and/or corticosteroids but no 
biological therapies.

Clinical endpoints were restricted to variables 
provided across all studies. The classic British 
Isles Lupus Assessment Group (BILAG) index 
was used because it was the only common in-
strument (8). This index is a sensitive measure 
that can capture partial or complete improve-
ment in SLE. For general SLE, BILAG response 
was defined by at least one gradation improve-
ment in any BILAG A (severely active) and/or 
B (moderately active) organ compared with 
baseline, without a significant new disease (at 
least 1 A or 2 Bs). Organ-specific responses in 
mucocutaneous and musculoskeletal systems 
were evaluated as at least one gradation of 
improvement in that organ. In nephritis trials, 
response was defined as an improvement in a 
renal BILAG A or B to BILAG C (mild disease) or 
better, with improvement by at least 1 grade 
in all baseline extra-renal BILAG As or Bs and 

no new BILAG A or ≥2 new Bs at the time of 
assessment. Severe flare was defined as the oc-
currence of at least one new BILAG A since the 
previous visit; a flare of any type was defined 
as ≥1 new A or 2 new B organ scores. Recent 
BILAG definitions of flare (9) could not be em-
ployed because of a lack of data regarding in-
dividual descriptors.
 
Analysis of variance and t-tests were used to 
evaluate differences in continuous variables 
between the treatment groups, and the chi-
square or Fisher’s exact tests were performed 
for binary outcomes, such as response status. 
Logistic regression models were fit to the data 
to compare response rates that were adjusted 
for steroid dose. Flare rates were estimated 
and compared between groups using Poisson 
regression methods to account for the occur-
rence of multiple flares per person. Analyses 
were performed using SAS software, version 
9.4, (SAS Institute Inc., Cary, North Carolina, 
USA). A two-sided p value <0.05 was consid-
ered statistically significant.
 
Results

Baseline characteristics of pooled clinical trial 
populations 
In the combined database, the mean age of 
patients at baseline was 32.9±10.9 years with 
disease duration of 4.7±5.4 years. As expected, 
most of the enrolled patients were women 
(88%). The racial composition in general SLE 
trials was 63% European, 17% African, 13% 
Asian, and 11% other backgrounds. Patients in 
nephritis trial were 43% European, 10% African, 
34% Asian, and 13% other.

The evaluation of general SLE was separate-
ly performed from nephritis-induction trials 
because these types of trials are universally 
independently performed. In general SLE 
trials, MMF-treated patients received a slight-
ly higher baseline mean dose of steroids 
(39.0±23.2) than other groups (Table 1); how-
ever, in nephritis trials, the steroid dose at 
baseline was lower in MMF-treated patients 
than in IVC-treated patients (20.3±25.8 vs. 
34.0±75.3; p=0.002). In both the general and 
nephritis trials, there were more patients of 
African descent in the MMF group than in the 
other treatment groups, and this was more 
pronounced in the non-nephritis trials. Other 
than these racial differences, discrepancies in 
the demographics were surprisingly minimal. 
Patients in nephritis trials had shorter mean 
disease duration than patients in general 
SLE trials, and within the latter population, 
MTX-treated patients had shorter mean dis-

ease duration than other immunosuppres-
sant-treated patients (Table 1). 

In general SLE trials, 64% of MMF-treated pa-
tients had at least one organ at baseline with 
severe disease (BILAG A) vs. 53% of AZA-treat-
ed patients, 52% of MTX-treated patients, and 
58% of NIS-treated patients. In nephritis trials, 
94% of MMF-treated and 96% of IVC-treated 
patients had at least one BILAG A at baseline. 
Thus, MMF-treated patients in nephritis trials 
appeared well matched to IVC-treated pa-
tients, i.e., those receiving the alternative SOC 
treatment, but may have received lower ste-
roid doses at baseline. 

Impact of treatment, steroid use, and disease 
severity on outcomes
In general SLE trials, corticosteroid doses re-
mained slightly higher in MMF-treated patients 
at week 12 (MMF, 27.6 mg; AZA, 24.3 mg; MTX, 
23.6 mg; NIS, 17.8; p=0.0001) but decreased in 
all groups by week 52 (MMF, 12.6 mg; AZA, 13.0 
mg; MTX, 7.2 mg; NIS, 6.6; p=0.055) (Table 2). BI-
LAG response at week 12 was observed in 35% 
of MMF vs. 49% of AZA, 34% of MTX and 65% of 
NIS (p=0.02 adjusted for steroid dose). At week 
52, after all groups had substantially reduced 
steroids, the response rates increased to 41% in 
the MMF-treated group, remained high in the 
NIS group (48%), and decreased in the AZA and 
MTX-treated groups to 35% and 28%, respec-
tively (p=0.07 adjusted for steroid dose). 

Nephritis-induction trial data were available for 
12 and 24 weeks after baseline. At week 12, 24% 
of patients met the BILAG endpoint with a mean 
prednisone equivalent dose of 36.5 mg/day. At 
week 24, the response rate increased to 33%, 
and the mean steroid dose was lowered to 14.5 
mg/day (Table 2). There was no response differ-
ence between IVC and MMF (33% response for 
MMF and 31% for IVC; p=0.63 adjusted for corti-
costeroids) (Table 2). Furthermore, steroid doses 
were almost identical by the endpoint (Table 2)  
despite the fact that IVC-treated patients re-
ceived more steroids at baseline. 
 
Organ-specific response in non-nephritis trials
To understand whether organ-specific anal-
yses may clarify data from lupus trials, SOC 
impact on the two most common non-renal 
organs was evaluated. In general SLE trials, 
mucocutaneous BILAG responses at week 52 
were high in all SOC groups (54% of AZA-; 46% 
MMF; 47% MTX-; and 48% NIS-treated patients; 
p=0.95 adjusted for corticosteroids). Musculo-
skeletal improvements were also frequent at 
week 52 (54% AZA-, 59% MMF-, 45% NIS-, and 
only 28% MTX-treated patients; p=0.08 after 
corticosteroid adjustment) (Table 3).
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Flare rates
In general SLE trials, flare rates were highest in 
MMF-treated patients and lowest in NIS-treat-
ed patients (Table 4). Overall flare rates (any 
new BILAG A or >/=2 new Bs since the last visit) 
were higher in MMF-treated than AZA-treated 
patients after adjustment for corticosteroids 
(1.87 flares/pt–yr vs. 1.24 flares/pt–yr, p=0.04). 
MTX flare rate was 1.42 flares/pt–yr. Severe flare 
rate (any new A since last visit) was 0.66 flares/
pt–yr in the AZA group, which is significantly 
lower than the rates in the MMF (1.29 flares/
pt–yr; p=0.01) and MTX groups (1.20 flares/
pt–yr; p=0.02) Organ-specific flare rates were 
marginally more frequent in the MMF and MTX 
groups than in the AZA group (Table 3). 

Because many patients who participated in 
general SLE trials had only moderate disease, 
SOC response rates were compared between 
those with severe disease at baseline, (≥1 BI-
LAG A score, Table 5a) vs. moderate baseline 
disease. In the AZA and MTX groups, patients 
with severe baseline scores had lower re-
sponse rates, but these differences were not 
statistically significant. The opposite was ob-
served in patients treated with MMF or NIS; 
those with more severe disease were more 
likely to respond in both of these groups. The 
MMF and NIS groups received the highest and 
lowest doses of steroids, respectively, through 
week 12 (Table 1, 2) and also had the most and 

least overall and severe flare rates, (Table 4), 
suggesting that they represent the most and 
least severely ill subsets. 

At week 52, a high proportion of responders 
experienced interim flares in the earlier months 
of follow-up (71% of MMF, 54% of AZA, and 
50% of MTX responders). Overall and severe 
flare rates were higher among MMF-treated 
patients with severe disease at baseline com-
pared with moderate disease (overall flares: 
2.39 vs. 1.03 flares/pt−yr, p=0.01; severe flares: 
1.87 vs. 0.34 flares/pt–yr; p=0.0013). Flare rates 
were also higher in MTX-treated patients with 
severe vs. moderate disease at baseline (overall 
flares: 2.33 vs. 0.63 flares/pt–yr, p=0.0002; se-
vere flares: 0.40 vs. 2.13 flares/pt–yr; p<0.0001) 
(Table 5b). 

In nephritis trials, the response rates were 
similar in patients treated with MMF and IVC 
regimens (Table 2). Flare rates were also not 
significantly different (1.22 flares/pt–yr in the 
MMF group and 1.34 in the IVC group, p=0.23). 
However, MMF-treated patients had fewer se-
vere flares (1.02 in the MMF group compared 
with 1.23 in the IVC group, p=0.03) (Table 4), 
an endpoint rarely examined in nephritis trials. 

Discussion
Various possibilities can explain the repeated 
disappointments in trials of biologics that were 

developed for SLE (1-3). It is possible that not 
only have all the treatments been ineffective 
(except belimumab) but also that the heteroge-
neity of SLE confuses the interpretation of data 
for finely targeted agents that are appropriate 
for only certain patient subsets. Endpoints may 
be too sensitive, reflecting clinically unimport-
ant changes. Background treatments may be 
more aggressive than necessary in some pa-
tients at the moderate end of the disease spec-
trum, thus, increasing the risk of high responses 
in those treated with placebo plus SOC.

The data reported here suggests a high rate of 
interim flares on SOC medications that then re-
solve by the end of a study. This erratic result 
phenomenon is invisible in landmark analysis 
at week 52, which is the most common pri-
mary endpoint for lupus trials. It seems logical 
that measuring flares during trials may help to 
better define the response and non-response 
and may provide a more interpretable end-
point. This approach has been used in the past, 
but in several cases, such as with rituximab 
and abatacept, it did not differentiate these 
investigational agents from placebo in early 
pivotal studies (8, 9). However, this may have 
been because of a problematic definition of 
flare in those studies. In the cases of ritubimab 
and atabacept studies, only one BILAG B score 
occurring even transiently at any time in those 
52-week trials were defined as total non-re-
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           Non-Nephritis trials               Nephritis trials

  AZA MMF MTX NIS Total p IVC MMF Total p

Total number 47 36 42 48 173  321 487 808 

Race

 European 29 (62%) 17 (47%) 29 (69%) 34 (71%) 109 (63%)  125 (39%) 220 (45%) 345 (43%) 

 African 10 (21%) 11 (31%) 6 (14%) 3 (6%) 30 (17%)  27 (8%) 57 (12%) 84 (10%) 

 *Asian 5 (11%) 4 (11%) 4 (10%) 10 (21%) 23 (13%) 
0.07

 118 (37%) 155 (32%) 273 (34%) 
0.04

 Other 3 (6%) 4 (11%) 3 (7%) 1 (2%) 11 (6%)  51 (16%) 55 (11%) 106 (13%) 

% Female 89% 92% 90% 98% 92% 0.34 85% 88% 87% 0.20

Age (Mean±SD) 38.5±13.2 38.7±12.4 41.7±12.5 39.0±10.4 39.4±12.1 0.58 31.6±9.9 31.1±10.0 31.3±9.9 0.43

Disease duration  10.6±8.5 9.3±7.9 5.5±4.3 N/A† 8.7±7.6 0.04 4.9±5.8 5.6±5.6 5.3±5.7 0.09 
(Mean±SD) 

% with BILAG A  53% 64% 52% 58% 57% 0.71 96% 94% 94% 0.22 
at baseline 

Steroid dose‡ (Mean±SD) 33.7±20.7 39.0±23.2 34.9±23.5 21.7±11.6 31.8±20.9 0.001 34.0±75.3 20.3±25.8 25.6±51.5 0.002

AZA: azathioprine; MMF: mycophenolate mofetil; MTX: methotrexate; IVC: intravenous cyclophosphamide; NIS: no immunosuppressant; SD: standard deviation

*Includes Asian, Pacific Islanders, and American Indians.
†N/A denotes not available. 
‡Steroid dose includes IV and oral doses.

Table 1. Demographics at baseline by standard of care medications 



sponse, despite the fact that intermittent rash-
es and arthritis, which met minimal definitions 
for Classic BILAG B, may be common and would 
usually be considered clinically inconsequen-
tial if quickly resolved without treatment (1). 
Most patients in both the treatment and place-
bo groups in both of these early studies were, 
thus, rendered non-responders (8, 9), even if 
they were doing well for most of the year as 
suggested by their disease activity scores (9). 

Two international phase III trials of belimumab 
in general SLE were more successful in discrim-
inating between the treatment and placebo (4, 
5). These trials applied a composite index (10) 
to a landmark analysis at week 52, making it im-
possible for any interim flare that subsequently 
resolved before the endpoint date to have any 
effect on the outcome. In this composite SLE 
response index (SRI), one BILAG B at week 52 
also had no impact on the endpoint because 
a minimum of two new BILAG B scores was re-
quired to define non-response, thus, supplying 
a more stringent threshold for a clinically sig-
nificant event. 

Despite the ultimate success of the belimum-
ab program, the landmark analysis coupled 
with aggressive SOC adjustments allowed 
in these trials led to high placebo group re-
sponse rates, requiring the enrollment of large 
numbers of patients to gain traction from a 
modest treatment effect size. An exploratory 
analysis of patients with higher disease activi-
ty at baseline suggested lower response rates 
with placebo plus SOC in these sicker patients 
(11), as is suggested by the data reported here. 
Several analyses have confirmed that subsets 
of SLE patients, definable by serology, race, or 
disease activity as likely to be more ill and have 
less response to SOC even in aggressively treat-
ed placebo groups (8, 9, 12-14). Additional data 
suggest that less aggressive background treat-
ments can lower response rates in moderately 
ill SLE patients (7-9, 15, 16), leaving room to 
determine whether a targeted treatment with 
potential ceiling response rate of 40%–50% 
may be effective. 

The highest response rates to SOC in the current 
analysis were in MMF-treated patients. These 
patients also received more steroids for the first 
12 weeks. Is this an overly treated group or does 
the treatment choice of MMF also define a more 
ill subset of patients who required those ste-
roids? The higher flare rates in MMF-treated pa-
tients suggest the latter probability and the like-
lihood that fewer responses would be observed 
if the flares were factored into the analysis. The 
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Table 2. Response rates and steroid dose by treatment
Treatment [Mean corticosteroid (CS) dose expressed as prednisone equivalent in mg]

                                       Week 12                          Week 52

Endpoint date  % Responders Mean CS dose  % Responders  Mean CS dose 

Non-nephritis trials 

Overall (n=168) 47 22.9 38 9.8

AZA (n=45) 49 24.3 35 13

MMF (n=34) 35 27.6 41 12.6

MTX (n=41) 34 23.6 28 7.2

NIS (n=48) 65 17.8 47 6.6

p value 

 Unadjusted  0.01 
0.001

 0.35 
0.055

 Adjusted for CS dose 0.02  0.07 

                                       Week 12                          Week 24

Endpoint date % Responders Mean CS dose % Responders Mean CS dose

Nephritis trials

Overall (n=770) 24 36.5 33 14.5

MMF (n=461) 26 36.4 33 13.9

IVC (n=309) 21 36.7 31 15.4

p value 

 Unadjusted 0.11  0.49

 Adjusted for CS dose 0.13 
0.80

 0.63 
0.02

AZA: azathioprine; MMF: mycophenolate mofetil; MTX: methotrexate; IVC: intravenous cyclophosphamide; NIS: no 
immunosuppressant

Table 3. Response and flare rates in mucocutaneous and musculoskeletal systems by treatment 
(non-nephritis trials) 

Treatment %  p value  Total 
  Responders with steroid  Person– Total Rate of 
   adjustment years flares* flares p

Musculoskeletal 

AZA 54 0.08 26.1 6 0.23 Reference

MMF 59  23.9 13 0.54 0.08

MTX 28  27.6 24 0.87 0.004

NIS 45  14.8 5 0.34 0.52

Mucocutaneous

AZA 54 0.95 24.4 4 0.16 Reference

MMF 46  24.7 11 0.45 0.09

MTX 47  16.1 8 0.50 0.07

NIS 48  16.6 7 0.42 0.13

AZA: azathioprine; MMF: mycophenolate mofetil; MTX: methotrexate; NIS: no immunosuppressant
*Definition of severe flare: new A in that organ since last visit.



NIS group also had a high response rate while 
being treated less aggressively with no immu-
nosuppressants and less steroids. However, they 
may have been less fundamentally ill at baseline 
despite their BILAG scores, which is supported 
by the fact that they had fewer interim flares. 
Importantly, the trials in the current analysis 
mandated aggressive steroid use, thus, even 
the lower doses administered to the NIS group 
may have been excessive for those patients, an 
issue less relevant to more recent trials in lupus. 
These data suggest important implications for 
trial design: optimal results for a SOC group may 
depend on how ill the patient is, how to treat 
aggressively enough for safety but not to an ex-
treme, and how response is defined, whether by 
a landmark improvement endpoint or by factor-
ing in interim flares.

A composite endpoint requiring improve-
ment at a landmark date coupled to a lack of 
clinically significant flares over time may pro-
vide a feasible and discriminatory endpoint 
for trials. In an exploratory analysis of the 
rituximab explorer study, a similar approach 

requiring improvement at 6 months and sub-
sequent lack of BILAG A (severe) flares did ap-
pear to distinguish the treatment from place-
bo in a trial mandating high-dose background 
steroids coupled with immunosuppressants, 
in which a third of the patients were admin-
istered MMF (16). This design would need to 
be prospectively tested but may be useful for 
trials of sicker patients. 

In nephritis trials, MMF-treated patients re-
ceived less steroids at baseline than IVC-treat-
ed patients. This could reflect combining 
populations from differing trial designs and 
should not be over-interpreted. However, 
while receiving less steroids, MMF-treated 
patients achieved equal overall response 
rates and developed fewer severe flares. Be-
cause there has been difficulty in differenti-
ating treatment effects in nephritis trials, a 
combined endpoint incorporating interim 
BILAG flares with landmark renal response 
may be evaluated both in SOC comparisons 
and when adding biologics. In non-nephritis 
trials, the MMF group was slightly enriched 

for patients of African descent, presence of at 
least one BILAG A, and higher steroid doses, 
arguably a sicker group of patients compared 
with those receiving alternative treatments. 
AZA-treated patients had higher rates of 
early responses during the rescue phase but 
lost this high rate response at week 52 after 
reducing the steroid dose. Nevertheless, they 
also had lower flare rates and lower severe 
flare rates during that process. This informa-
tion may help to design background treat-
ment rules, define response definitions, and 
power optimal trials going forward. 

There are limitations of the analyses that 
could be performed on the initial data ob-
tained, which was derived from earlier lupus 
trials. Some of the trials mandated aggressive 
background steroids, which are a design no 
longer used; some did not provide sufficient 
data to examine current endpoints, such as 
SRI (10) and BILAG-linked Combined Lupus 
Assessment (BICLA) (6). The latest version of 
BILAG was also not in use nor was individual 
descriptor data available to assess newer BILAG 
flare definitions (17). Nevertheless, the results 
reported here did capitalize on the common 
use in these trials of the well-validated classic 
BILAG index (8), which is a sensitive and useful 
instrument, and may provide some solid pre-
liminary insight into relative response and flare 
rates for patients receiving SOC in lupus stud-
ies. As more trials accumulate in this database, 
the analyses should become more robust. 

The growing CDAI database may support ad-
equate power to detect clinically meaningful 
data from rare subsets of trial participants 
and facilitate the development of new defi-
nitions of response and/or flare to moderate 
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Treatment Total person–years Total flares* Rate of flares p† Total severe flares* Rate of severe flares p†

Non-nephritis trials

AZA 36.2 45 1.24 Reference 24 0.66 Reference

MMF 30.9 58 1.87 0.04 40 1.29 0.01

MTX 32.5 46 1.42 0.53 39 1.20 0.02

NIS 30.9 25 0.81 0.09 17 0.55 0.56

Nephritis trials

MMF 343.7 420 1.22 Reference 351 1.02 Reference

IVC 193.6 260 1.34 0.23 238 1.23 0.03

AZA: azathioprine; MMF: mycophenolate mofetil; MTX: methotrexate; IVC: intravenous cyclophosphamide; NIS: no immunosuppressant

*Total flares were defined as any new A or ≥2 new Bs since previous visit.

Severe Flare was defined as any new A since last visit.
†By fitting a Poisson regression model to the total number of flares and the total person-years.

Table 4. Analysis of flare rates by treatment 

Table 5a. Response rates by baseline disease severity

  Week 52

  % Responders % Responders
 If No BILAG A If ≥1 BILAG A  p

AZA (n=37) 42 (n=19) 28 (n=18) 0.48

MMF (n=34) 31 (n=13) 48 (n=21) 0.50

MTX (n=36) 32 (n=19) 24 (n=17) 0.72

NIS (n=38) 31 (n=16) 59 (n=22) 0.11

AZA: azathioprine MMF: mycophenolate mofetil MTX: methotrexate NIS: no immunosuppressant; BILAG: British Isles Lupus 
Assessment Group



the impact of SOC background medications 
on outcomes. Once a wider range of data 
are available, this evolving database should 
assist in clinical trial design by providing in-
formation on optimal background and res-
cue treatments for discrete populations, thus, 
allowing appropriate mitigation of serious 
disease activity during trials without obfus-
cating endpoints with high rates of response 
in the placebo groups.
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 Baseline  Total     Rate of
Treatment disease severity person–years All flares* Rate of all flares p† Severe flares* severe flares p†

MMF No A 11.7 12 1.03 Reference 4 0.34 Reference

 ≥1 A 19.3 46 2.39 0.01 36 1.87 0.0013

AZA No A 19.5 23 1.18 Reference 9 0.46 Reference

 ≥1 A 16.8 22 1.31 0.72 15 0.90 0.12

MTX No A 17.5 11 0.63 Reference 7 0.40 Reference

 ≥1 A 15.0 35 2.33 0.0002 32 2.13 <0.0001

NIS No A 11.4 10 0.88 Reference 5 0.44 Reference

 ≥1 A 19.5 15 0.77 0.75 12 0.62 0.52

AZA: azathioprine; MMF: mycophenolate mofetil; MTX: methotrexate;  NIS: no immunosuppressant

Response Definition: Non-nephritis trials: all baseline British Isles Lupus Assessment Group (BILAG) severe or moderate (A or B) scores improved by at least 1 step with no new A or 2+ new B scores.

*All flares defined as ≥1 new BILAG A or ≥2 new B scores any new A or ≥2 new Bs since the last visit. Severe flare defined as ≥1 new BILAG A since last visit.
†By fitting a Poisson regression model to the total number of flares and the total person–years for each background drug group.

Table 5b. Interim flares by baseline disease severity 

http://dx.doi.org/10.1093/rheumatology/kep462
http://dx.doi.org/10.1038/nm.2625
http://dx.doi.org/10.1185/03007990902929104
http://dx.doi.org/10.1002/art.30613
http://dx.doi.org/10.1016/S0140-6736(10)61354-2
http://dx.doi.org/10.1136/annrheumdis-2012-202760
http://dx.doi.org/10.1136/ard.2010.132068
http://dx.doi.org/10.1002/art.27233
http://dx.doi.org/10.1002/art.27601
http://dx.doi.org/10.1002/art.24698
http://dx.doi.org/10.1136/annrheumdis-2011-200937
http://dx.doi.org/10.1002/art.38260


15. Furie RA, Leon G, Thomas M, Petri MA, Chu AD, 
Hislop C, et al. A phase 2, randomised, place-
bo-controlled clinical trial of blisibimod, an 
inhibitor of B cell activating factor, in patients 
with moderate-to-severe systemic lupus ery-
thematosus, the PEARL-SC study. Ann Rheum 
Dis 2015; 74: 1667-75. [CrossRef]

16. Rovin BH, Furie R, Latinis K, Looney RJ, Fervenza FC, 
Sanchez-Guerrero J, et al. Efficacy and safety of ritux-
imab in patients with active proliferative lupus nephri-
tis: the Lupus Nephritis Assessment with Rituximab 
study. Arthritis Rheum 2012; 64: 1215-26. [CrossRef]

17. Merrill JT, Immermann FW, Zhou T, O’Toole M, 
Whitley M, Hill AA, et al. Topline results of the 

Biomarkers of Lupus Disease (BOLD) study: clin-
ical and mechanistic perplexities of lupus treat-
ment trials can be mitigated by eliminating 
background immune suppressants. Arthritis 
Rheum 2013; 65 Suppl 10: 1809.

19

Eur J Rheumatol 2016; 3: 13-9 Kalunian et al. Impact of variables on lupus trial outcomes

http://dx.doi.org/10.1136/annrheumdis-2013-205144
http://dx.doi.org/10.1002/art.34359



