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ABSTRACT
Objective  We aimed to evaluate the robustness of phase 
III randomised controlled trials (RCTs) for SLE and lupus 
nephritis (LN) using the fragility index (FI), the reverse FI 
(RFI) and the fragility quotient (FQ).
Methods  We searched for phase III RCTs that included 
patients with active SLE or LN. Data on primary endpoints, 
total participants and the number of events for each arm 
were obtained. We calculated the FI score for RCTs with 
statistically significant results (number of patients required 
to change from event to non-event to make the study 
lose statistical significance), the RFI for RCTs without 
statistically significant results (number of patients required 
to change from non-event to event to make study gain 
statistical significance) and the FQ score for both (FI or RFI 
score divided by the sample size).
Results  We evaluated 20 RCTs (16 SLE, four LN). The 
mean FI/RFI score was 13.6 (SD 6.6). There were nine 
RCTs with statistically significant results (seven SLE, two 
LN), and the mean FI score was 10.2 (SD 6.2). The lowest 
FI was for the ILLUMINATE-2 trial (FI=2), and the highest FI 
was for the BLISS-52 trial (FI=17).
Twelve studies had non-statistically significant results (10 
SLE, two LN) with a mean RFI score of 15.6 (SD 6.1). The 
lowest RFI was for the ILLUMINATE-1 trial (RFI=4), and 
the highest RFI was for the TULIP-1 trial (RFI=27). The 
lowest FQ scores were found in the ILLUMINATE trials and 
the highest in the Rituximab trials (EXPLORER and LUNAR), 
meaning that the last ones were the most robust results 
after accounting for sample size.
Conclusions  The evidence of therapies for patients with 
SLE and LN is derived mostly from fragile RCTs. Clinicians 
and trialists must be aware of the fragility of these RCTs 
for clinical decision-making and designing trials for novel 
therapeutics.

INTRODUCTION
SLE is a chronic autoimmune disease that 
primarily affects women and is characterised 
by heterogeneous clinical manifestations.1 Its 
treatment aims to achieve remission, prevent 
organ damage, minimise drug side effects and 
improve quality of life.2 The first US Food and 
Drug Administration (FDA)-approved therapy 
for patients with SLE was aspirin (1948), 
which was followed by glucocorticoids (1950s) 

and the antimalarial drug hydroxychloro-
quine (1955).3 Despite important advances in 
therapy, which included the use of cyclophos-
phamide or mycophenolate mofetil for induc-
tion therapy of lupus nephritis (LN), the next 
approval took more than five decades.

Randomised controlled trials (RCTs) in 
SLE for novel therapeutics have frequently 
failed to meet criteria for regulatory approval. 
Even among recently approved drugs, trials 
have been mixed in their conclusions4 5 or 
have had small effect sizes for clinically rele-
vant outcomes.6 7 Also, several RCTs of new 
therapies for patients with SLE or LN were 
terminated or were not published.8 9 In the 
last decade, the FDA approved three novel 
treatments for the management of SLE. First, 
in 2011, belimumab (a human monoclonal 
antibody that inhibits the B-cell activating 
factor) was approved for adult patients with 
non-renal SLE, which was followed in 2020 
by its approval for LN. In 2021, voclosporin 

WHAT IS ALREADY KNOWN ON THIS TOPIC

	⇒ Randomised controlled trials (RCTs) in SLE for novel 
therapeutics have frequently failed to meet the crite-
ria for regulatory approval.

	⇒ The fragility index aids in the interpretation of RCT 
findings and in identifying studies in which results 
could be overturned due to imprecision.

WHAT THIS STUDY ADDS

	⇒ We found that the phase III, randomised, placebo-
controlled trials in patients with SLE and lupus ne-
phritis (LN) held an important degree of fragility.

	⇒ Both positive and negative RCTs of SLE and LN ther-
apeutics are not particularly robust.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Clinicians should know that the evidence supporting 
several therapies in SLE and LN has been derived 
from fragile RCTs, and trialists should consider fra-
gility among the challenges when designing clinical 
trials for patients with SLE and LN.
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(a calcineurin inhibitor) was approved for the treatment 
of LN, and anifrolumab (a human monoclonal antibody 
targeting type 1 interferon receptor) for adult patients 
with SLE.3 All four approvals were based on large double-
blind RCTs that demonstrated superiority over matched 
placebo interventions. Although these therapies met the 
criteria for FDA approval,10 the robustness of the evidence 
supporting their use should be continuously assessed.

The fragility index (FI) is a recently described method 
for assessing the robustness of RCT findings, which calcu-
lates the minimum number of patients whose status would 
be required to change from an event to a non-event to 
make the study lose statistical significance.11 12 A small FI 
score indicates a more fragile and less statistically robust 
clinical trial; the fragility quotient (FQ) assesses fragility 
relative to a trial’s sample size.12 In this study, we aimed to 
assess the robustness of the published phase III RCTs for 
SLE and LN treatments using the FI, the reverse FI (RFI) 
and the FQ scores to complement the interpretation of 
these RCTs.

METHODS
To identify RCTs, we searched on ​ClinicalTrials.​gov (up 
to 30 September 2023) for trials that included patients 
with SLE or LN. We included all phase III, randomised, 
placebo-controlled trials of patients with active SLE or 
LN. We excluded RCTs that were defined as phase II or 
IV RCTs as well as those whose status was recruiting or 
ongoing, completed but unpublished or terminated for 
reasons other than futility.

Data were obtained from the full-text publications 
on prespecified primary endpoints, total participants, 
participants in all arm doses for non-approved drugs and 
the arms of approved doses (in the USA), the number 
of events in the intervention and placebo groups, the 
number of patients who withdrew or discontinued and 
the reported p values. FI score was calculated using an 
online calculator (available at https://clincalc.com/​
Stats/FragilityIndex.aspx). The RFI was calculated for 
RCTs with non-statistically significant results by modifying 
the number of events in the intervention arm until a p 
value <0.05 was reached while keeping the total number 
of participants constant.13 The FQ score was calculated 
by dividing the FI (or RFI) score by the total sample size 
of the trial.12 We used descriptive statistics to present the 
results. Analyses were performed using BlueSky Statis-
tics software V.10.3 (BlueSky Statistics, Chicago, Illinois, 
USA).

RESULTS
We evaluated 20 RCTs, 16 in SLE and 4 in LN. The mean 
FI/RFI score of the 20 studies was 13.6 (SD 6.6). Addi-
tional characteristics of the included studies are shown 
in online supplemental table 1. There were nine RCTs 
with statistically significant results (seven in SLE, two in 
LN; table 1), which had a mean FI score of 10.2 (SD 6.2). 
The lowest FI was for the ILLUMINATE-2 trial (score: 

2, tabalumab 120 mg every 4 weeks), and the highest FI 
was found in the BLISS-52 trial (score: 17, belimumab), 
meaning that would be required to have only two and 
17 fewer responder patients, respectively, to lose signifi-
cance.

Twelve studies showed non-statistically significant results 
(10 in SLE, two in LN; table 2) with a mean RFI score of 
15.6 (SD 6.1). The lowest RFI (non-significant trials) was 
for the ILLUMINATE-1 trial (score: 4, tabalumab 120 mg 
every 4 weeks), and the highest RFI was for the TULIP-1 
trial (score: 27, anifrolumab), meaning these trials would 
only need to have four and 27 more responders, respec-
tively, to gain statistical significance.

Overall, the non-significant RCTs for SLE therapies 
seem to be more robust than those with statistically signif-
icant findings (figure  1). The RCTs for LN therapies 
showed a similar distribution.

The RCT that granted FDA approval to anifrolumab was 
the TULIP-2 trial, with an FI score of 11. Voclosporin trial 
(AURORA-1) had an FI score of 15. Regarding the beli-
mumab studies, BLISS-52 had an FI score of 17, BLISS-76 
had an FI score of 4, BLISS-SC had an FI score of 16 
and BLISS-LN had an FI score of 3; all these trials had 
statistically significant results. The lowest FQ scores were 
found in the ILLUMINATE trials and the highest in the 
Rituximab trials (EXPLORER and LUNAR) and the early 
terminated LOTUS trial, suggesting that the last ones are 
the more robust results after accounting for sample size.

DISCUSSION
In this study of pivotal phase III, randomised, placebo-
controlled trials of new treatments for SLE and LN, many 
trials had an important degree of fragility, even among 
RCTs of medications that obtained approval. These results 
may in part explain the perception that trials in SLE have 
frequently failed, which has been previously attributed to 
the complexity of the patients, the choice of the standard 
of care, the selection of the appropriate endpoints and 
the procedures needed for conditions with lower inci-
dence and prevalence like SLE.14 15 Our results suggest 
that fragile trials—which require relatively few patients to 
switch groups to alter the conclusion of the study—may 
have also contributed.

Fragility was observed across all recently studied thera-
pies. Among the approved drugs, the BLISS-LN trial was 
the most fragile, which would have been considered non-
significant study (ie, a ‘negative trial’) if only three fewer 
patients in the treatment group had achieved the primary 
endpoint.16 This does not invalidate the approval of beli-
mumab or suggest that physicians should not prescribe it. 
Rather, it highlights the limitations of the current meth-
odological approach to conducting trials in SLE. These 
findings should be viewed in light of other concerning 
factors in BLISS-LN, which include the change in the 
original primary endpoint, the selected power of 80% 
to detect a difference in the endpoint or the underlying 
treatment that was left at the investigator’s discretion (for 
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both, the intervention and placebo arms). Studies have 
been designed under optimistic assumptions of efficacy, 
which is difficult given the heterogeneity of SLE. Given 
the precarity of these results, it seems reasonable to ask 
whether these results would be reproducible if the trial 
was run a second time or if a repeat trial would result 
in inconsistent findings, as has been the case for other 
recent therapies, including tabalumab,17 18 anifrolumab4 5 
and baricitinib.19 20

Conversely, the most robust result was from a negative 
trial (ie, not statistically significant), the TULIP-1 trial of 
anifrolumab. It would have required 27 more patients to 
have achieved an SLE responder index-4 response (the 
prespecified primary endpoint) for the trial to be consid-
ered positive. Despite the negative result from TULIP-1, 
the TULIP-2 trial was tailored to detect a significant 
BILAG (British Isles Lupus Assessment Group)-based 
composite lupus assessment response, based on secondary 

Table 1  Fragility evaluation of phase III, randomised, placebo-controlled trials with statistically significant results involving 
patients with active SLE and lupus nephritis (LN)

Study drug, trial

First 
author, 
year Condition

Primary 
endpoints Sample size

Events in 
intervention

Events 
in 
placebo

FI 
score

FQ 
score

Anifrolumab

TULIP-2,
NCT024468995

Morand, 
2020

Adults with 
active SLE

BICLA response at 
week 52

Anifrolumab 300 mg 
(n=180)
Placebo (n=182)

86 57 11 0.030

Baricitinib

SLE-BRAVE-I,
NCT0361691219

Petri, 
2023

Adults with 
active SLE

SRI-4 response at 
week 52

Baricitinib 2 mg
(n=255)

126 116 15* 0.030

Baricitinib 4 mg
(n=252)
Placebo (n=253)

142 4 0.008

Belimumab

BLISS-52,
NCT0042447628

Navarra, 
2011

Adults with 
active SLE

SRI-4 response at 
week 52

Belimumab 10 mg/kg 
(n=290)
Placebo (n=287)

167 125 17 0.029

BLISS-76,
NCT0041038429

Furie, 
2011

Adults with 
active SLE

SRI-4 response at 
week 52

Belimumab 10 mg/kg 
(n=273)
Placebo (n=275)

118 92 4 0.007

BLISS-SC,
NCT0148449630

Stohl, 
2017

Adults with 
active SLE

SRI-4 response 
rate at week 52

Belimumab 200 mg 
subcutaneous (n=556)
Placebo (n=280)

341 136 16 0.019

BEL113750,
NCT0134525331

Zhang, 
2018

Adults with 
active SLE

SRI-4 response 
rate at week 52

Belimumab 10 mg/kg 
(n=451)
Placebo (n=226)

240 87 15 0.022

BLISS-LN,
NCT0163933916

Furie, 
2020

Adults with 
active LN

Primary efficacy 
renal response at 
week 104

Belimumab 10 mg/kg 
(n=223)
Placebo (n=223)

96 72 3 0.007

Tabalumab

ILLUMINATE-2,
NCT0120543818

Merrill, 
2016

Active SLE SRI-5 response at 
week 52

Tabalumab 120 mg 
every 2 weeks (n=372)

143 104 15 0.020

Tabalumab 120 mg 
every 4 weeks (n=376)
Placebo (n=376)

131 2 0.002

Voclosporin

AURORA-1,
NCT030214997

Rovin, 
2021

Adults with 
active LN

Complete renal 
response at week 
52

Voclosporin (n=179)
Placebo (n=178)

73 40 15 0.042

*Arm with non-significant results; results represent reverse FI score.
BICLA, BILAG (British Isles Lupus Assessment Group)-based composite lupus assessment; FI, fragility index; FQ, fragility quotient; SRI, SLE 
responder index.
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Table 2  Fragility evaluation of non-statistically significant randomised clinical trials involving patients with active SLE and 
lupus nephritis (LN)

Study drug, 
trial

First author, 
year Condition

Primary 
endpoints Sample size

Events in 
intervention

Events in 
placebo

RFI 
score

FQ 
score

Abatacept

NCT0043067732 Furie, 2014 LN Time to 
complete 
response
Complete 
response at 
week 52

Abatacept 30/10
(n=99)

9 8 9 0.045

Abatacept 10/10
(n=99)
Placebo (n=100)

11 7 0.035

Anifrolumab

TULIP-1,
NCT024469124

Furie, 2019 Adults with 
active SLE

SRI-4 response 
rate at week 52

Anifrolumab 300 mg 
(n=180)
Placebo (n=184)

65 74 27 0.074

Atacicept

APRIL-SLE,
NCT0062433833

Isenberg, 
2015

Active SLE Proportion 
of patients 
experiencing 
flare BILAG A or 
B at week 52

Atacicept 75 mg
(n=159)

92 85 13 0.041

Atacicept 150 mg
(n=145)
Placebo (n=157)

54 
(discontinued)

Baricitinib

SLE-BRAVE-I,
NCT0361691219

Petri, 2023 Adults with 
active SLE

SRI-4 response 
at week 52

Baricitinib 2 mg
(n=255)

126 116 15 0.030

Baricitinib 4 mg
(n=252)
Placebo (n=253)

142 4* 0.008

SLE-BRAVE-II,
NCT0361696420

Petri, 2023 Adults with 
active SLE

SRI-4 response 
at week 52

Baricitinib 2 mg
(n=261)

120 116 22 0.043

Baricitinib 4 mg
(n=258)
Placebo (n=256)

121 19 0.037

Blisibimod

CHABLIS-SC1,
NCT0139574534

Merrill, 2018 Adults with 
active SLE

SRI-6 response 
at week 52

Blisibimod (n=245)
Placebo (n=197)

115 83 13 0.029

Epratuzumab

EMBODY1,
NCT0126236535

Clowse, 
2017

Active SLE BICLA response 
rate at week 48

Epratuzumab 600 mg 
every week (n=248)

93 85 14 0.028

Epratuzumab 1200 
mg every 2 weeks 
(n=244)
Placebo (n=249)

97 9 0.018

EMBODY2,
NCT0126179335

Clowse, 
2017

Active SLE BICLA response 
rate at week 48

Epratuzumab 600 mg 
every week (n=264)

93 88 18 0.034

Epratuzumab 1200 
mg every 2 weeks 
(n=261)
Placebo (n=263)

89 21 0.040

Rituximab

EXPLORER,
NCT0013796936

Merrill, 2010 Active SLE Major clinical 
response at 
week 52

Rituximab (n=169)
Placebo (n=88)

50 25 20 0.078

LUNAR,
NCT0028234737

Rovin, 2012 Active LN Renal response 
rate at week 52

Rituximab (n=72)
Placebo (n=72)

19 22 16 0.111

Continued
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endpoints from TULIP-1. The FDA gave credence to 
the somewhat inexplicably different results from the 
TULIP-2 trial related primarily to the mucocutaneous 
and musculoskeletal involvement and granted approval. 
We observed two additional interventions that found 
mixed results in their trials. These were tabalumab (a 
human monoclonal antibody that binds B-cell activating 
factor) and baricitinib (a Janus kinase 1 and 2 inhibitor). 
The difference in the results from these studies might 
reflect the limitations of using endpoints based on global 
disease activity instruments, in contrast to system-based 
instruments for clinically heterogeneous conditions like 
SLE. Switching the main endpoints to a system-based 
approach might be beneficial, such as studying patients 
with specific manifestations (eg, arthritis or cutaneous 
disease) instead of having a global disease activity score 
that might result from several combinations of signs and 
symptoms. Perhaps these global disease activity scores 
could be kept as secondary outcomes. In other words, we 
should consider taking the same approach used for LN for 

other SLE manifestations like was the case for the recent 
LILAC trial, which focused on patients with cutaneous 
and joint involvement.21 22 It would be interesting to test 
the fragility for future RCTs that used similar approaches 
by the two types of endpoints (global and system based).

Another issue for placebo-controlled trials in SLE 
throughout the years is the lack of truly standardised 
underlying therapy. Although it is currently recom-
mended that all patients with SLE without contrain-
dications must receive antimalarials,2 23 24 even in the 
most recent studies of anifrolumab and baricitinib, the 
proportion of patients on these medications did not go 
beyond 85% (the lowest 66–73% in TULIP-2). The use of 
other immunosuppressors, such as methotrexate, is also 
recommended (ie, for musculoskeletal and mucocuta-
neous manifestations, which are the most common across 
these RCTs) when antimalarials alone are insufficient, or 
high-dose glucocorticoids are required.2 23 24 However, 
these were not used in more than 20–25% of the patients 
from the most recent RCTs.4 5 19 20 This low use might be 
for different reasons, including intolerability or adverse 
events, patient or physician’s decision, among other. If 
future clinical trials are system based as suggested above, 
it would be easier to agree on what is a standardised 
therapy for a specific disease manifestation.

One of the objectives of RCTs is to prove causality 
between the interventions being tested and the outcomes 
of interest. The most often used ‘frequentist’ approach 
relies on rejecting a null hypothesis (ie, there is not 
enough evidence of difference) based on a prespeci-
fied statistical significance threshold (typically p<0.05). 
Requiring thresholds for statistical significance estab-
lishes an arbitrary dichotomy, whereby a trial with a p 
value of 0.049 is categorised similarly to one with a p 
value of 0.001. Stated within the framework of this paper, 
frequentist statistical approaches do not account for the 
fragility of a trial outcome. Alternative approaches to 

Study drug, 
trial

First author, 
year Condition

Primary 
endpoints Sample size

Events in 
intervention

Events in 
placebo

RFI 
score

FQ 
score

Tabalumab

ILLUMINATE-1,
NCT0119609117

Isenberg, 
2016

Active SLE SRI-5 response 
at week 52

Tabalumab 120 mg 
every 2 weeks (n=381)

121 111 17 0.022

Tabalumab 120 mg 
every 4 weeks (n=378)
Placebo (n=379)

133 4 0.005

Ustekinumab

LOTUS†,
NCT0351772238

van 
Vollenhoven, 
2022

Active SLE SRI-4 response 
at week 52

Ustekinumab (n=173)
Placebo (n=116)

76 51 22 0.076

*Arm with significant results; results represent FI score.
†Study terminated early due to futility.
BICLA, BILAG (British Isles Lupus Assessment Group)-based composite lupus assessment; FI, fragility index; FQ, fragility quotient; RFI, 
reverse FI; SRI, SLE responder index.

Table 2  Continued

Figure 1  Fragility of randomised controlled trials (RCTs) for 
SLE and lupus nephritis (LN) therapies grouped by statistical 
significance of the primary endpoint. FI, fragility index; RFI, 
reverse FI.
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trial design in SLE and LN may be considered, including 
Bayesian trial designs.25 This approach presents other 
difficulties, including a lack of understanding of Bayesian 
methodology and interpretation among practising clini-
cians, ability for pharmaceutical sponsors to choose 
advantageous priors and the downstream issue that FDA 
approvals are necessarily dichotomous.

More simply, pivotal trials in SLE could be designed to 
be more robust. The easiest way to reduce the fragility of 
SLE trials would be through assuming a lower response 
rate among treatment groups. This would necessitate 
larger trials, but if it resulted in fewer negative trials for 
drugs that may have some efficacy (type II error), it would 
be a worthy trade-off. Another approach would be to 
select populations more likely to benefit. Finally, devel-
oping drugs that work better should be considered. Many 
of the aforementioned negative studies failed to surpass 
relatively low bars. In our efforts to understand why so 
many therapies have failed in SLE, we should consider 
the most obvious explanation; we do not understand SLE 
and our drugs do not work very well.

Alternative approaches for assessing available evidence 
exist. The American College of Rheumatology (ACR) 
guidelines have embraced the Grading of Recommenda-
tions Assessment, Development and Evaluation (GRADE) 
approach, for instance, which helps assess the quality of 
evidence and the strength of recommendations. The 
GRADE approach assigns the highest evidence grade to 
RCTs but can downgrade them if the studies have serious 
limitations, inconsistencies in the results, indirectness or 
imprecision concerns, along with the risk of reporting 
bias.26 The FI is only one way of assessing imprecision 
within the GRADE domains27 and must not be inter-
preted in isolation. The ACR has been undergoing efforts 
to update SLE and LN guidelines.

Our approach has limitations. First, there were rela-
tively few RCTs available for each treatment. We did not 
evaluate secondary endpoints from the included trials 
because of the design-linked justification and due to the 
limited applicability of the FI/RFI to non-dichotomous 
endpoints. There are no validated approaches for inter-
preting the FI scores, which correlate with sample size 
(ie, larger studies likely to have larger FI scores), inversely 
correlate with p values (ie, small p values inevitably have 
larger FI scores) and may simply reflect good trial design 
(ie, small FI scores merely suggest that investigators 
correctly assessed the likely benefit of therapy and appro-
priately powered their study to reject the null hypoth-
esis). FQ scores may account for this to some degree, but 
they are less intuitive than FI scores, and the interpreta-
tion of either score is ultimately subjective. Among our 
strengths is the novelty application of the FI approach in 
SLE and LN RCTs to aid clinicians and trialists in inter-
preting results from RCTs. We limited our evaluation to 
phase III trials for a more realistic picture of the currently 
approved treatments and those that matured enough in 
their pipeline to be compared with the standard of care.

These limitations notwithstanding, the results of this 
study suggest that the data informing approvals of novel 
SLE therapeutics may not be particularly robust. Compre-
hensive methodologies for evaluating the evidence 
supporting therapeutic interventions beyond the reduc-
tionist significance interpretation should be considered. 
In the interim, clinicians should know that the evidence 
supporting these therapies has mostly been derived from 
fragile RCTs, and trialists should consider fragility along 
with the rest of the challenges when designing clinical 
trials for patients with SLE and LN. Factors beyond the 
statistical fragility, like heterogeneity of clinical manifes-
tations, characteristics of the selected endpoints and the 
lack of truly standardised therapy in the control arms 
(particularly in SLE RCTs), may have an impact on this 
analysis.
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