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Aim: Assess the comparative efficacy of anifrolumab 300 mg versus belimumab 10 mg/kg in adults with
moderate-to-severe systemic lupus erythematosus (SLE) receiving standard therapy. Patients and methods:
Population-adjusted simulated treatment comparisons (primary analyses) and matching-adjusted indirect
comparisons (supporting analyses) were conducted using individual patient data from TULIP-1/TULIP-2
and summary-level data from BLISS-52/BLISS-76. Results: Compared with belimumab-treated patients,
anifrolumab-treated patients were more than twice as likely to achieve a reduction of four or more points
in SLE Disease Activity Index 2000 score (simulated treatment comparison odds ratio: 2.47; 95% CI: 1.16–
5.25) and SLE Responder Index-4 response (odds ratio: 2.61; 95% CI: 1.22–5.58) at 52 weeks. Conclusion:
Patients with moderate-to-severe SLE are more likely to achieve an improvement in disease activity with
anifrolumab than with belimumab.
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Systemic lupus erythematosus (SLE) is a complex autoimmune disorder with varying global prevalence [1]. In
SLE, characteristic production of pathogenic autoantibodies and tissue deposition of immune complexes results in
inflammation across multiple organ systems [2]. While the specific pathophysiology of SLE is unclear, activation of
the type I interferon pathway is known to be a central pathogenic mediator [3–6].

The clinical manifestations of SLE are heterogeneous and may include skin lesions, renal disease, and muscu-
loskeletal, neuropsychiatric, cardiorespiratory and gastrointestinal manifestations, as well as nonspecific symptoms
such as fatigue and fever [2]. Treatment of SLE focuses on controlling inflammation, preventing organ damage,
improving quality of life and achieving a low disease state or remission to ensure long-term survival [7–9]. Rec-
ommended standard-of-care treatments for SLE include antimalarials, oral corticosteroids (OCSs) and adjuvant
immunosuppressive/steroid-sparing agents [8]. These treatments are mostly nonspecific and can demonstrate lim-
ited efficacy and poor tolerability in some patients [7–9]; for example, long-term OCS therapy is often used to
manage SLE despite its contribution to organ damage [10–12]. Thus there is a need for new, alternative treatment
options that control disease activity better and allow steroid sparing.

In 2011 the US FDA and the European Medicines Agency (EMA) approved the first biological agent for the
treatment of SLE: belimumab (Benlysta R©; GlaxoSmithKline), a human IgG1λ monoclonal antibody B-lymphocyte
stimulator-specific inhibitor [13–15]. In the USA, belimumab is indicated as add-on therapy for patients aged 5 years
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or older with active, autoantibody-positive SLE who are receiving standard therapy, and for adult patients with
active lupus nephritis who are receiving standard therapy [13,14]. In the European union, belimumab is indicated as
an add-on therapy for patients aged 5 years or older with active, autoantibody-positive SLE with a high degree of
disease activity (positive anti-dsDNA antibody and low complement) despite standard therapy, and in combination
with immunosuppressive therapies for the treatment of adult patients with active lupus nephritis [14]. In patients with
treatment-refractory SLE, belimumab can reduce disease activity, including musculoskeletal disease manifestations,
OCS dose and flare frequency; recent evidence also suggests a role in slowing organ damage accrual [16–22]. Long-
term studies of belimumab have shown a stable safety profile across up to 13 years of exposure [20,23,24]. In 2021
anifrolumab (Saphnelo™; AstraZeneca), an anti-type I interferon receptor humanized IgG1 monoclonal antibody
developed to block the type I interferon pathway [25,26], was approved in the USA, Japan and Canada for the
treatment of adult patients with moderate-to-severe SLE who are receiving standard therapy [27–29]. Anifrolumab
has also recently been approved in the EU as an add-on therapy for the treatment of adult patients with moderate-
to-severe, active autoantibody-positive SLE despite standard therapy [30]. The efficacy and safety of anifrolumab in
patients with moderate-to-severe active, autoantibody-positive SLE receiving standard therapy were investigated in
two phase III, randomized, double-blind, placebo-controlled studies: TULIP-1 [31] and TULIP-2 [32]. Compared
with placebo, anifrolumab can reduce disease activity, OCS dose, skin disease severity, swollen and tender joints
and flare frequency [26,32–35]. A pooled analysis of phase II and phase III data showed that anifrolumab had an
acceptable safety profile across the 52-week study period [36].

No studies have compared the efficacy of anifrolumab and belimumab directly. In the absence of head-to-
head trials, indirect treatment comparisons (ITCs) can provide insights into the comparative efficacy of different
treatments [37,38]. The objective of this study was to use ITCs – utilizing individual patient data (IPD) from
anifrolumab trials – to compare the efficacy of anifrolumab and belimumab for adults with moderate-to-severe SLE
receiving standard therapy.

Patients & methods
Scope
The scope of this study was to derive comparative efficacy estimates between anifrolumab and belimumab utilizing
IPD from the pivotal TULIP trials [31,32].

Study selection & feasibility assessment
IPD were available from three trials in which patients received intravenous (iv.) anifrolumab 300 mg or placebo:
MUSE, TULIP-1 and TULIP-2. The phase II MUSE trial [34] was not included in the primary analyses because of
differences in study design and inclusion/exclusion criteria, but was included in sensitivity analyses.

A systematic literature review was conducted to identify randomized controlled trials of belimumab in adults with
moderate-to-severe SLE (Supplementary Figure 1 & Supplementary Table 1). A qualitative feasibility assessment
was then performed to determine which of these studies could be included in the quantitative analyses for
comparison with anifrolumab, and whether the anifrolumab and belimumab studies were similar enough for ITCs
to be performed (Supplementary Table 2). Only iv doses approved for use (anifrolumab 300 mg and belimumab
10 mg/kg) were considered [13,27].

Target outcomes of interest were:

• Proportion of patients with a reduction of four or more points in SLE Disease Activity Index 2000 (SLEDAI-2K)
score from baseline to week 52 [39,40];

• Proportion of patients who achieved an SLE Responder Index-4 (SRI-4) response at week 52 [40];
• Proportion of patients who achieved a British Isles Lupus Assessment Group (BILAG)-based Composite Lupus

Assessment (BICLA) response at week 52 [41];
• Proportion of patients who had a BILAG flare, defined by one or more new BILAG-2004 A items or two or

more new BILAG-2004 B items from baseline to week 52 [39,41,42];
• Proportion of patients with a reduction in OCS dosage to ≤7.5 mg per day, sustained from week 40 to week

52 among patients with a baseline dosage of ≥10 mg per day;
• Mean change in BILAG score from baseline to week 52 [39,41];
• Change from baseline in the number of swollen and tender joints at week 24 or week 52 [39,41].
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Indirect treatment comparison
Analyses to determine unadjusted comparative data for anifrolumab versus placebo (pooled TULIP-1 and TULIP-
2 data) and belimumab versus placebo (pooled BLISS-52 and BLISS-76 data) were performed. To mitigate
the impact of between-trial heterogeneity, two population-adjusted analysis methods were performed: simulated
treatment comparison (STC) and matching-adjusted indirect treatment comparison (MAIC). The STC method
was selected as the primary analysis because recent research suggests superior performance in eliminating bias when
compared with MAICs [38].

All statistical analyses were performed using R version 3.6.1. Statistical significance testing was defined using
a two-tailed p-value of <0.05, and all comparisons between groups were reported with point estimates (ie, odds
ratios [ORs] and mean differences) and 95% CIs.

Treatment effect modifiers

Treatment effect modifiers (TEMs) are covariates, typically patient characteristics at baseline, that alter the effect of
treatment on outcomes. Expert clinicians identified 14 covariates as likely TEMs: sex, race, age, SLEDAI score at
baseline, organ domain score of one or more BILAG A items or two or more BILAG B items, antinuclear antibody
titer ≥1:80, abnormal low C3, abnormal low C4, anti-dsDNA ≥30 IU/ml, antimalarial use, azathioprine use,
methotrexate use, mycophenolate use, and OCS dose ≥7.5 mg at baseline. In the primary STC analysis, all
identified TEMs were ranked based on their relative degree of effect modification for each individual outcome and,
based on the opinion of the clinician authors and a literature review of the predictors of SLE treatment outcomes
written by clinical experts, the two lowest-impact TEMs were removed, with only the 12 highest-impact TEMs
included in the regression models if reported by all included studies. For the outcome of OCS reduction, a subgroup
analysis of the belimumab BLISS trials was used [21], for which BMI was available and was included as one of eight
high-impact TEMs with available baseline data (Supplementary Table 3). As the TULIP and BLISS trials included
a placebo comparator arm [16,18,31,32], the STCs and MAICs were ‘anchored’ [43]; adjustments for differences in
prognostic variables were therefore not required [43].

Simulated treatment comparisons

Anchored STCs were conducted using the methods outlined in the National Institute for Health and Care Excellence
(NICE) Decision Support Unit Technical Support Document 18 [43]. A regression model incorporating TEMs as
predictor variables was fitted to the pooled IPD from TULIP-1 and TULIP-2 and then used to predict the effect
of anifrolumab in the comparator population for each outcome. Model convergence and fit statistics were used to
assess the performance of each regression model.

Matching-adjusted indirect treatment comparisons

MAICs were conducted as validation of the STC results. In brief, this involved the following steps: first, removing
patients from the TULIP-1 and TULIP-2 IPD who would not have met the eligibility criteria of the comparator
trial; second, reweighting the remaining patients such that the summary statistics of baseline patient characteristics
matched those of the comparator trial across the selected characteristics identified as important TEMs; and
third, conducting an ITC using this adjusted TULIP population against the aggregate-level data of the included
belimumab trials.

Sensitivity analyses

Extensive sensitivity analyses were also conducted for both STCs and MAICs to explore the impact of adjusting
for different subsets of TEMs (data not shown). To mitigate against the risk of a potential negative impact on the
effective sample size for the MAIC analyses, TEMs were ranked based on their relative degree of effect modification,
and the two lowest-impact TEMs were removed from the main MAIC analysis; ie, only the 12 highest-impact
TEMs were adjusted. To increase the effective sample size for the OCS reduction outcome, a sensitivity analysis for
the MAIC of OCS dose reduction was conducted including fewer TEMs, which were determined to be particularly
clinically important: one or more BILAG A or two or more BILAG B items, SLEDAI-2K score and OCS dose at
baseline.

Additional sensitivity analyses comprised the studies not included in the primary analyses owing to differences in
study design or inclusion/exclusion criteria: the phase II MUSE study (anifrolumab) [34] and the BLISS-SC study
(bioequivalent subcutaneous preparation of belimumab 200 mg) [44] (see Supplementary Materials).
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Results
Study selection & feasibility assessment
From the systematic literature search, five relevant belimumab publications were retrieved [16,18,23,44,45]. These
included primary publications as well as pooled and post hoc analyses of phase III randomized clinical trials. Two
placebo-controlled phase III studies, BLISS-52 [18] and BLISS-76 [16], were identified as the most similar to the
TULIP trials and therefore the most suitable for conducting ITCs versus anifrolumab (Table 1). Other publica-
tions were not included for reasons of insufficient overlap in population characteristics, intervention/comparator,
outcome or study design; unsuitable publication type for data analysis (systematic literature review, meta-analysis
or network meta-analysis); incomplete or insufficient data; inaccessibility of the full-text article; or publication
language other than English (Supplementary Figure 1).

Outcomes

Four outcomes were reported and feasible to compare between the TULIP and BLISS studies: proportion of patients
with ≥4-point reduction in SLEDAI-2K score from baseline to week 52; proportion of patients who achieved an
SRI-4 response at week 52; proportion of patients with BILAG flares (one or more new A or two or more new B)
from baseline to week 52; and proportion of patients who achieved a reduction in OCS dose to ≤7.5 mg sustained
from week 40 to week 52. The BICLA was not developed until after the BLISS trials were under way [46], and the
individual BICLA components were not reported in the BLISS publications [16,18]. Similarly, other target outcomes
could not be assessed because they were not reported for BLISS-52 and BLISS-76. Overall, outcome definitions
were similar between the trials, or the outcome reported in BLISS publications could be replicated from the TULIP
IPD.

While the TULIP studies used the SLEDAI-2K global and the BLISS studies used the Safety of Estrogens in
Lupus Erythematosus: National Assessment SLEDAI, these measures share many similarities [47,48] and so it was
concluded that, for the purposes of this analysis, the potential impact of their differences was not considered to be
important.

While the definition of the ‘OCS dose reduction’ end point differed slightly between TULIP and BLISS, the
OCS tapering approach differed significantly between trials. TULIP-1 and TULIP-2 mandated a tapering attempt
for all patients receiving OCS ≥10 mg/day at baseline to ≤7.5 mg/day between weeks 8 and 40. Patients who
achieved a reduction in OCS dose from ≥10 to ≤7.5 mg/day at week 40 through week 52 were defined as ‘OCS
dose reduction’ in the TULIP studies [31,32]. In contrast, OCS tapering in BLISS-52 and BLISS-76 was at the
investigators’ discretion, with no restrictions on OCS dose during the first 24 weeks (after which the dose needed to
return to within 25% or 5 mg of the baseline dose, with no further increases for the remainder of the study) [16,18].
OCS dose reduction in the BLISS studies was defined by patients who reduced their OCS dose by ≥25% from
baseline to ≤7.5 mg/day during weeks 40 to 52 [16,18]. To mitigate the impact of these differences, pooled data
from patients in BLISS-52 and BLISS-76 who were receiving OCS at baseline (i.e., excluding patients not receiving
any OCS) [21] were used for the OCS dose reduction outcome only.

Baseline characteristics

Pooled baseline patient characteristics for the anifrolumab and belimumab studies are shown in Table 2. Several
characteristics identified as TEMs were similar between TULIP and BLISS. However, the mean SLEDAI-2K score
in the TULIP studies was higher than in the BLISS studies, with a greater proportion of patients with one or more
new BILAG A items or two or more new BILAG B items, and lower prevalence of low complement (C3/C4) or
elevated anti-dsDNA (Table 2).

Indirect treatment comparisons
A summary of ITC results is presented in Table 3.

Proportion of patients with reduction of four or more points in SLEDAI score from baseline to week 52

Unadjusted data showed that both anifrolumab and belimumab were associated with a beneficial treatment response
versus placebo, as measured by at least a four-point improvement in SLEDAI score at week 52 (Table 3). Both
the primary STC analysis and the supporting MAIC analysis showed that anifrolumab-treated patients were
significantly more likely than belimumab-treated patients to achieve a SLEDAI response (reduction by at least four
points) at week 52 (STC: OR: 2.47; 95% CI: 1.16–5.25; MAIC: OR: 2.74; 95% CI: 1.05–7.16) (Figure 1).
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Table 2. Summary of key baseline patient characteristics identified as treatment effect modifiers.
Baseline characteristic BLISS-52 and BLISS-76 (pooled) TULIP-1 and TULIP-2 (pooled)

Female (proportion) 94.1% 92.8%

White race (proportion) 47.4% 66.0%

Age (mean [SD]) 37.8 (11.5) 41.8 (11.9)

Body mass index (kg/m2) (mean [SD]) 25.1 (5.4)† 27.6 (6.8)

SLEDAI score (mean [SD]) 9.7 (3.8) 11.4 (3.8)

BILAG ≥1 A or ≥2 B (proportion) 60.8% 94.4%

ANA titer ≥1:80 (proportion) 93.0% 90.0%

Abnormal low C3 (proportion) 45.0% 36.8%

Abnormal low C4 (proportion) 56.1% 50.7%

Anti-dsDNA ≥30 IU/ml (proportion) 69.4% 31.0%

Antimalarial use (proportion) 65.3% 70.3%

Azathioprine use (proportion) 23.1% 16.9%

Methotrexate use (proportion) 13.7% 17.8%

Mycophenolate use (proportion) 11.2% 13.6%

OCS dose �7.5 mg (proportion) 58.0% 52.6%

†Source: van Vollenhoven [21], which reports a subgroup of the BLISS-52 and BLISS-76 patients.
ANA: Antinuclear antibody; BILAG: British Isles Lupus Assessment Group; OCS: Oral corticosteroid; SD: Standard deviation; SLEDAI: Systemic Lupus Erythematosus Disease Activity
Index.

Table 3. Summary of indirect treatment comparison results.
Outcome Unadjusted data Primary ITC: STC results Sensitivity ITC: MAIC results

Anifrolumab vs
placebo
(pooled TULIP-1 and
TULIP-2)

Belimumab vs
placebo
(pooled BLISS-52 and
BLISS-76)

Anifrolumab vs
belimumab
(ITC results)

n of TULIP
patients

Anifrolumab vs
belimumab
(ITC results)

Neff of TULIP
patients

≥4-point reduction in SLEDAI
OR (95% CI)

1.60 (1.19–2.15) 1.61 (1.27–2.04) 2.47 (1.16–5.25) 709 2.74 (1.05–7.16) 72

SRI-4 response
OR (95% CI)

1.63 (1.21–2.19) 1.63 (1.29–2.07) 2.61 (1.22–5.58) 710 2.91 (1.14–7.46) 71

BILAG flares
OR (95% CI)

0.67 (0.50–0.91) 0.71 (0.55–0.92) 0.76 (0.36–1.60) 710 0.96 (0.34–2.67) 78

OCS reduction
OR (95% CI)

1.87 (1.39–2.51) 1.59 (1.03–2.47)† 0.99 (0.45–2.22) 703 NA‡ NA‡

Note that the direction of effect differs by outcome depending on whether the outcome is positive or negative. For positive outcomes (ie, SLEDAI response, SRI[4] response, and OCS
reduction), an OR of greater than 1 indicates a favorable treatment effect is associated with anifrolumab. For negative outcomes (ie, BILAG flares), an OR of less than 1 indicates a
favorable treatment effect is associated with anifrolumab. If the 95% CI does not cross 1, this indicates the result is statistically significant.
†The source of data for BLISS for the outcome of OCS reduction only was from the pooled publication van Vollenhoven et al., [21].
‡The indicated analysis could not run.
BILAG: British Isles Lupus Assessment Group; ITC: Indirect treatment comparison; MAIC: Matching-adjusted indirect comparison; NA: Not applicable; n: Sample size; Neff: Effective
sample size; OCS: Oral corticosteroid; OR: Odds ratio; SLE: Systemic lupus erythematosus; SLEDAI: Systemic Lupus Erythematosus Disease Activity Index; STC: Simulated treatment
comparison; SRI-4: SLE Responder Index-4.

0.5 1 2 84
Favors anifrolumabFavors belimumab

STC result

MAIC result

709

72

2.47 (1.16, 5.25)

2.74 (1.05, 7.16)

Analysis performed Odds ratio (95% CI) n

Figure 1. Odds ratios for achieving at least a four-point reduction in Systemic Lupus Erythematosus Disease Activity
Index score from baseline to week 52.
Note: the ‘n’ associated with the MAIC result is an effective sample size of TULIP patients after reweighting included
patients.
MAIC: Matching-adjusted indirect treatment comparison; n: Sample size; STC: Simulated treatment comparison.
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0.5 1 2 84
Favors anifrolumabFavors belimumab

STC result

MAIC result

2.61 (1.22, 5.58)

2.91 (1.14, 7.46)

710

71

Analysis performed Odds ratio (95% CI) n

Figure 2. Odds ratios for achieving a SRI-4 response at week 52.
Note: the ‘n’ associated with the MAIC result is an effective sample size of TULIP patients after reweighting included
patients.
MAIC: Matching-adjusted indirect treatment comparison; n: Sample size; STC: Simulated treatment comparison.

Favors anifrolumab
0.5 1 2 84
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STC result

MAIC result

0.76 (0.36, 1.60)

0.96 (0.34, 2.67)

710

78

Analysis performed Odds ratio (95% CI) n

Figure 3. Odds ratios for severe British Isles Lupus Assessment Group flares (one or more new A or two or more
new B) from baseline to week 52.
Note: the ‘n’ associated with the MAIC result is an effective sample size of TULIP patients after reweighting included
patients.
MAIC: Matching-adjusted indirect treatment comparison; n: Sample size; STC: Simulated treatment comparison.

Proportion of patients who achieved an SRI-4 response at week 52

Unadjusted data showed that both anifrolumab and belimumab were associated with a beneficial treatment response
versus placebo, as measured by SRI-4 response at week 52 (Table 3). As with the SLEDAI response, anifrolumab-
treated patients were significantly more likely than belimumab-treated patients to achieve an SRI-4 response at week
52, in both the primary STC analysis and the supporting MAIC analysis (STC: OR: 2.61; 95% CI: 1.22–5.58;
MAIC: OR: 2.91; 95% CI: 1.14–7.46) (Figure 2).

Proportion of patients with BILAG flares (one or more new A or two or more new B Items) at week 52

Both anifrolumab and belimumab were associated with a significant reduction in the proportion of patients
experiencing BILAG flares during the first year of treatment compared with placebo in the unadjusted analysis
(Table 3). Comparing anifrolumab with belimumab, the effect estimate was not statistically significant for either
the STC or the MAIC (Figure 3).

Proportion of patients who achieved a reduction in OCS dose to ≤7.5 mg sustained from week 40 to week 52

Anifrolumab- and belimumab-treated patients were more likely than placebo-treated patients to achieve a sustained
reduction in OCS dose during the first year of therapy in the unadjusted analysis (Table 3). Despite the differences
in OCS reduction definition and dose tapering approach between the TULIP and BLISS trials, no difference
between anifrolumab and belimumab was detected in the STC analysis (Figure 4). The MAIC analysis could not
be performed due to insurmountable differences in patient characteristics.

Sensitivity analyses

Results of additional sensitivity analyses can be found in the Supplementary Data. Findings of the sensitivity
analyses that included the MUSE study and the BLISS-SC study support the results of the primary STC analyses
for SLEDAI and SRI-4 responses.
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Favors anifrolumab

0.5 1 2 84

Favors belimumab

Analysis performed Odds ratio (95% CI) n

STC result 0.99 (0.45, 2.22) 703

Figure 4. Odds ratio for achieving a reduction in oral corticosteroid dose to 7.5 mg or less, sustained from week 40
to week 52, among patients with a baseline dosage of ≥10 mg per day.
Note: the matching-adjusted indirect treatment comparison analysis could not be undertaken for this outcome so
only the STC is presented. The results should be interpreted with caution due to differences in outcome definition
between the trials. The source of efficacy data for belimumab for this outcome is van Vollenhoven et al. [21].
n: Sample size; STC: Simulated treatment comparison.

A MAIC was not feasible for the OCS dose reduction outcome because of the very small effective sample size. In
the limited TEMs scenario, the MAIC result was numerically in favor of anifrolumab but the effect estimate was
not statistically significant (data not shown).

Discussion
In this study we utilized IPD from the TULIP clinical trials and pooled data from the BLISS clinical trials to
compare the efficacy of anifrolumab and belimumab in adults with moderate-to-severe SLE who are receiving
standard therapy. Based on population-adjusted ITCs, anifrolumab (300 mg iv.) was associated with significantly
greater treatment benefits than belimumab (10 mg/kg iv.) for the outcomes of SLEDAI reduction of at least four
points and SRI-4 response at 52 weeks.

Both anifrolumab and belimumab have demonstrated clinically important benefits in markers of disease activity
and severity compared with placebo when administered to adults with moderate-to-severe active SLE receiving
standard therapy [15,22,26]. In the absence of head-to-head studies, comparative evidence from ITC analyses can
provide clinical and healthcare decision-makers with information about the relative efficacy of the available treat-
ments [37,38], making ITC a valuable tool for health technology assessment that is now widely used and endorsed
by regulatory bodies and reimbursement agencies [38,43,49–51].

Traditional, unadjusted ITC methods, such as network meta-analysis, rely on an assumption that important
patient characteristics are balanced across trials. However, when clinically important covariates differ substantially
between trials, this assumption cannot be upheld, and population-adjusted methods are more appropriate [38,51].
Patient characteristics in the TULIP and BLISS studies differed markedly, considering the similar study designs and
eligibility criteria. Our feasibility assessment identified substantial differences between trials for patient character-
istics that are TEMs, which might potentially bias unadjusted ITC methods. We therefore conducted ITCs while
adjusting for potential sources of bias: key differences in baseline characteristics and eligibility criteria between
the anifrolumab and belimumab studies were addressed by utilizing IPD for the TULIP-1 and TULIP-2 trials to
perform population-adjusted comparisons. This adjustment of the anifrolumab patient population to match more
closely the population enrolled in the belimumab trials reduced the risk of bias and improved the credibility of
results. STCs and MAICs provided a full, nuanced picture of the relative efficacy of anifrolumab versus belimumab,
and sensitivity analyses were conducted to address potential limitations and impacts of assumptions; the results
were consistent. To our knowledge, this is the first study to use STC or MAIC methods to compare the efficacy of
anifrolumab with belimumab in patients with moderate-to-severe SLE receiving standard therapy.

The STC and MAIC results both demonstrated that anifrolumab was associated with statistically significant
improvement compared with belimumab for both SLEDAI response and SRI-4 response. The congruence of these
two outcomes is not surprising, because SLEDAI is a driving component of the composite outcome, SRI-4. A
four-point, or more, improvement in SLEDAI is a key goal in the management of SLE because it is associated with
achievement of a lower disease activity state and improved outcomes [39]. The association between SLEDAI score
and organ damage [52,53] also suggests that assessing the relative efficacy of treatments in terms of SLEDAI reduction
may represent value for decision-makers to help patients with SLE achieve their treatment goals. The considerable
between-trial differences in baseline SLEDAI and BILAG parameters show that, despite similar enrollment criteria,
the TULIP population had more active SLE than the BLISS population. The higher SLEDAI scores in the TULIP
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population were likely driven by more active clinical disease and active organ involvement, as 94% of patients had
one or more BILAG A items or two or more B items, compared with 61% of the BLISS population. In contrast, the
SLEDAI scores in the BLISS population were more driven by serology, as demonstrated by the higher prevalence
of elevated anti-dsDNA and low complement. In this context, the observed differences in treatment effect in
favor of anifrolumab have clinical relevance, because clinical disease activity likely drives more of the SLEDAI and
SRI-4 outcomes assessed in this comparison. This suggests that anifrolumab may have greater clinical efficacy than
belimumab.

The BICLA composite index is used as a measure of improvement in overall disease activity [39]. To be classified
as a BICLA responder, a patient must show an improvement in all affected organs [39]. In a post hoc analysis
of pooled data from TULIP-1 and TULIP-2, BICLA responders were more likely to show an improvement in
flare rate and patient-reported outcomes and a reduction in mean daily OCS dosage than BICLA nonresponders,
illustrating that BICLA response aligns with goals in clinical practice [54]. Although BICLA results were available
for the TULIP trials, this outcome measure was developed after the BLISS trials were near completion and so these
were not available for belimumab [16,18,46]. The BICLA response can be derived from the same components of
SRI-4; therefore future analyses of belimumab data may report BICLA as a post hoc outcome, permitting ITC of
BICLA response.

In view of the impact of long-term or high-dose OCS treatment on organ damage, OCS dose reduction is an
important clinical outcome to evaluate in the treatment of SLE [10–12]. Pivotal anifrolumab and belimumab trials
showed that a greater proportion of patients achieved a reduction in OCS dosage with biological treatment than
with a placebo [16,18,31,32,34], as reflected in our unadjusted analysis. Between-trial differences in OCS tapering
protocols, including direction for mandatory or discretionary tapering, compromised evaluation of this outcome.
Using a more comparable BLISS subgroup [21] for the OCS reduction outcome mitigated some, but not all, of
the between-trial differences, and the ITCs were ultimately inconclusive. Given these limitations, the STC analysis
detected no treatment difference, whereas insufficient overlap in the most impactful TEMs prevented the MAIC
analysis. Because the direction and magnitude of potential bias for the OCS reduction outcome is unknown, these
results should be interpreted with caution. Development of a standardized procedure for managing and accounting
for OCS use in clinical trials would facilitate future comparisons of treatment effects.

Potential limitations of this study include assumptions inherent to all STCs. Measurement of individuals not
assigned to the trial is outside the scope of the analysis, so homogeneity of effects (that the outcomes of either
treatment or placebo are the same whether or not the patient was included in the trial) [43] is uncertain. Unobserved
differences in TEMs may affect the conditional constancy of relative effects assumption (that the relative treatment
effects are constant between studies at any specified covariate value) [51]. However, basing our analyses exclusively
on well-conducted randomized controlled trials likely meets other STC assumptions, such as stable unit treatment
value and ignorable treatment assignment. STCs address major limitations of unadjusted ITCs by accounting for
between-trial differences. However, absence of reported patient characteristics in some trials can lead to differences
that cannot be adjusted for across outcomes. For example, BMI was reported for a sub-analysis of OCS reduction
in the BLISS trials [21] but not in BLISS-52 or BLISS-76. Nevertheless, because all included trials were placebo
controlled, the analyses were anchored by way of a placebo arm, which eliminates a potential source of confounding
by controlling for known and unknown prognostic factors. Identification and selection of TEMs also present
challenges in data interpretation. In STC, all TEMs and prognostic variables are assumed to be balanced between
groups, whereas in MAIC, the inclusion of purely prognostic variables in addition to TEMs has the potential to
cause over-matching between groups [43]. Because information on TEMs for SLE treatment is not widely reported
in the literature, distinguishing between TEMs and prognostic variables is difficult. To supplement the limited
evidence available [55], we drew on expert clinical opinion to define TEMs for this study.

Conclusion
In the absence of head-to-head studies, this population-adjusted comparative study provides insights to decision-
makers and clinicians about the comparative efficacy of anifrolumab and belimumab in patients with moderate-
to-severe SLE who are receiving standard therapy. After adjusting for important cross-trial differences, anifrolumab
(300 mg iv.) was associated with significantly greater treatment benefits than belimumab (10 mg/kg iv.) in the
outcomes of SLEDAI response (reduction of four or more points) and SRI-4 response at 52 weeks, suggesting that,
compared with belimumab, patients with moderate-to-severe SLE may be more likely to show improvement in
clinical disease activity when treated with anifrolumab.
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Summary points

• Two biological therapies are currently approved for the treatment of moderate-to-severe systemic lupus
erythematosus (SLE): belimumab (approved in 2011) and anifrolumab (approved in 2021).

• Both belimumab and anifrolumab have demonstrated efficacy in the treatment of SLE, but no direct
head-to-head comparisons have been evaluated.

• We conducted population-adjusted indirect treatment comparisons, in the form of simulated treatment
comparisons and matching-adjusted indirect comparisons, to estimate the relative efficacy of anifrolumab versus
belimumab.

• Individual patient data were available from the anifrolumab TULIP-1 and TULIP-2 trials, and summary-level data
were taken from the belimumab BLISS-52 and BLISS-76 trials.

• Patients in the TULIP trials had higher baseline SLE Disease Activity Index (SLEDAI) (mean: 11.4 [standard
deviation: 3.8] vs 9.7 [standard deviation: 3.8]) and British Isles Lupus Assessment Group organ involvement (94 vs
61%) than patients in the BLISS trials, suggesting that the TULIP population had more active SLE than the BLISS
population.

• Compared with belimumab, anifrolumab had greater treatment benefits, as measured by SLEDAI and SLE
Responder Index-4 (SRI-4), in patients with moderate-to-severe SLE who were receiving standard therapy.

• Anifrolumab-treated patients were more likely to achieve a reduction of four or more points on the SLEDAI (odds
ratio: 2.47; 95% CI: 1.16–5.25) and achieve an SRI-4 response (odds ratio: 2.61; 95% CI: 1.22–5.58) than
belimumab-treated patients.

• In the absence of head-to-head studies, this population-adjusted comparative study provides insights to
decision-makers and clinicians about the comparative efficacy of anifrolumab and belimumab in patients with
moderate-to-severe active SLE who are receiving standard therapy.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/

suppl/10.2217/cer-2022-0040
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