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Objective

To investigate changes in B cell subsets in relation to disease flares upon initiation of standard therapy (ST) plus belimumab or placebo in patients with systemic lupus erythematosus (SLE).



Patients and Methods

Using data from the BLISS-76, BLISS-SC and BLISS Northeast Asia trials, we investigated associations of relative to baseline rapid (through week 8) and early (through week 24) changes in peripheral B cell subsets, anti-dsDNA and complement levels with the occurrence of disease flares from week 24 through week 52 (Mann-Whitney U tests) or the entire study follow-up (Cox regression analysis), assessed using the SELENA-SLEDAI Flare Index.



Results

Patients on ST alone who flared displayed less prominent early decreases in CD19+CD20-CD138+ long-lived plasma cells (-16.1% versus -35.1%; P=0.012). In all arms combined, patients who developed severe flares showed less prominent early decreases in CD19+CD20-CD138+ long-lived plasma cells (-23.5% versus -39.4%; P=0.028) and CD19+CD27brightCD38bright SLE-associated plasma cells (-19.0% versus -27.8%; P=0.045). After adjustment for rapid changes, early increases in overall CD19+CD20+ B cells (HR: 1.81; 95% CI: 1.08–3.05; P=0.024) and early increases or no return after a rapid expansion in CD19+CD20+CD27+ memory B cells (HR: 1.58; 95% CI: 1.18–2.11; P=0.002) portended subsequent severe flares. Patients who developed flares of any severity showed no or less prominent rapid (0.0% versus -12.5%; P<0.001) or early (-1.9% versus -21.7%; P<0.001) decreases in anti-dsDNA levels, and patients who developed severe flares showed no or less prominent early decreases in anti-dsDNA levels (0.0% versus -13.3%; P=0.020). Changes in complement levels exhibited no ability to distinguish flaring from non-flaring patients.



Conclusions

Increase or lack of decrease in certain circulating B cell subsets or anti-dsDNA levels upon treatment initiation for active SLE heralded subsequent severe disease flares. A rapid expansion of memory B cells may signify sustained response to therapy when followed by a subsequent drop, while no return or delayed increases in memory B cells may portend flaring. Peripheral B cell and serological marker kinetics may help identify patients in whom therapeutic modifications could protect against flare development, and may hence prove a useful complement to traditional surveillance and early treatment evaluation in SLE.
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1 Introduction

Although the prognosis of patients with systemic lupus erythematosus (SLE) has improved during the last decades, occurrence of disease flares still endangers organ function and long-term outcomes (1–5), contributing to the burden of direct and indirect disease- and treatment-related morbidity and costs (6). Multiple definitions of flares have been proposed in SLE (7–9). Usually, flares are classified into mild/moderate or severe, based on the degree of therapeutic modification that is required and the impact on patient performance and eventually survival (10). To date, the risk of disease flares in patients with SLE is mainly determined based on short-term fluctuations of serological markers, which may show inconsistent results owing to different assays, time of sample collection, and the prominent heterogeneity in disease manifestations (11–13).

Belimumab blocks the soluble counterpart of B cell activating factor (BAFF; also known as B lymphocyte stimulator, BLyS) and has been used for the treatment of SLE for longer than a decade (14). Belimumab has shown ability to induce durable disease control and reduce the risk of flares in multiple clinical trials and real-life observational studies (15–21). However, early identification of patients at risk for subsequent flares upon commencement of belimumab treatment remains a challenge, leaving an area of uncertainty during the critical stages of early follow-up. This need was recently exemplified in a report of de novo lupus nephritis cases after initiation of belimumab therapy (22).

In this regard, biological changes occurring soon after treatment initiation might provide measurable tools that could be used to improve patient monitoring and stratification according to the risk for relapses. In this study, we aimed at investigating early changes in B cell and plasma cell subsets in relation to the development of disease flares during non-biological standard therapy (ST) plus belimumab or placebo within the frame of three phase III clinical trials of belimumab in SLE.



2 Patients and Methods


2.1 Study Population

We analysed longitudinal data from patients with active SLE who participated in three multicentre, randomised, double-blind, placebo-controlled trials comparing belimumab (administered intravenously or subcutaneously) with placebo, i.e., BLISS-76 (NCT00410384; N=797) (21), BLISS-SC (NCT01484496; N=822) (23), and BLISS Northeast Asia (NEA; NCT01345253; N=60) (24). The study population (N=1679) was selected based on availability of data on B cell subset counts and clinical data needed to determine flares. In the BLISS programmes, belimumab or placebo was administered on top of non-biological ST, including antimalarial agents, glucocorticoids, immunosuppressive agents, or combinations thereof.

In terms of design, the three trials were similar. Briefly, all patients were required to have a Safety of Estrogens in Lupus Erythematosus National Assessment - Systemic Lupus Erythematosus Disease Activity Index (SELENA-SLEDAI) (25) score ≥6 (BLISS-76) or ≥8 (BLISS-SC and BLISS-NEA) and had to be autoantibody positive (antinuclear antibody titres ≥1:80 and/or anti-double stranded (ds)DNA levels ≥30 IU/mL) at the screening. All patients had received stable dosages of ST for at least 30 days prior to baseline. For BLISS-76 and BLISS-NEA, belimumab or placebo were administered intravenously on days 0, 14, and 28, and every 4th week thereafter through week 48 (BLISS-NEA) or week 72 (BLISS-76). The actual number of patients enrolled in BLISS-NEA was 702, and the selection of the 60 patients that were included in the present study was based on availability of B cell data from the initial trials. In BLISS-SC, belimumab 200 mg or placebo was administered subcutaneously weekly through week 52, on top of non-biological ST. Progressive restrictions were imposed during the trial periods on concurrent immunosuppressive and antimalarial medications, as well as glucocorticoid intake. The primary endpoint in all trials was the proportion of responders at week 52, with response being determined using the composite SLE Responder Index (SRI)-4 (26). The similar trial design and endpoints allowed pooling of the data to increase power during statistical analyses.

Occurrence of flares graded into mild/moderate or severe according to the SELENA-SLEDAI Flare Index (SFI) (10) was determined every fourth week.



2.2 Determination of B Cell Subsets and Serological Markers

Peripheral B cell and plasma cell subsets were determined by flow cytometry within the frame of the BLISS study programmes (21, 23, 24), and classified into total peripheral CD19+CD20+ B cells, CD19+CD20+CD69+ activated B cells, CD19+CD20+CD27- naïve B cells, CD19+CD20+CD27+ memory B cells, CD19+CD20-CD27bright plasmablasts, CD19+CD20+CD138+ short-lived plasma cells, CD19+CD20-CD138+ long-lived plasma cells, and CD19+CD38brightCD27bright SLE-associated plasma cells (27–29). Levels of anti-dsDNA, C3 and C4 were determined within the frame of the BLISS programmes (21, 23, 24).

We analysed relative to baseline (i.e., treatment initiation) changes in B cell subsets and serum levels of anti-dsDNA, C3 and C4 that occurred through week 8, 24 and 52. Changes occurring through week 8 were deemed rapid and changes occurring through week 24 were deemed early. We next investigated associations between rapid or early changes in B cell or plasma cell subsets or changes in serological markers and flares occurring from week 24 through week 52 (Mann-Whitney U tests) or through the last observation (week 52 for BLISS-SC and BLISS-NEA, and week 76 for BLISS-76; Cox proportional hazards regression analysis).



2.3 Ethics

Data from the BLISS trials were made available by GlaxoSmithKline (Uxbridge, UK) through the Clinical Study Data Request (CSDR) consortium. The trial protocols were approved by regional ethics review boards for all participating centres and complied with the ethical principles of the Declaration of Helsinki. Written informed consent was obtained from all study participants prior to enrolment. The present study was approved by the Swedish Ethical Review Authority (2019-05498).



2.4 Statistical analysis

Descriptive statistics are reported as means and standard deviations or medians and interquartile ranges for continuous variables, while frequencies and percentages are reported for categorical variables. Values (relative to baseline percentage change) above the 97.5th percentile were treated as extreme values and set to the same max value (equal to the 97.5th percentile) for each cell variable.

Comparisons of distributions of the relative to baseline changes between groups (e.g., flaring versus non-flaring patients, or patients receiving belimumab versus placebo) were conducted using the non-parametric Mann-Whitney U test. For determination of time-dependent associations between rapid or early biological changes and flare occurrence, we used Cox proportional hazards regression models. All models were adjusted for age, sex, ethnicity, SLE disease duration, belimumab use (any dose), use of methotrexate, use of azathioprine, use of mycophenolate mofetil, use of immunosuppressants other than those mentioned before, and the BLISS study to account for batch variations in cell analyses. The potential interaction between cell alterations and belimumab use was accounted for. One set of models investigating associations between early B cell changes and flares occurring from week 24 through week 76 or the last available follow-up visit was also adjusted for the relative to baseline cell alterations from baseline through week 8 to account for alterations in opposing directions in the two follow-up phases.

P values below 0.05 were deemed significant. All analyses were performed using the R version 4.01 software (R Foundation for Statistical Computing, Vienna, Austria).




3 Results


3.1 Patient Characteristics

Demographics, clinical and serological data of the patients including comparisons between patients who developed and patients who did not develop flares (any grade or severe) are reported in Table 1. Baseline B cell and plasma cell data, including comparisons between patients who developed and patients who did not develop flares (any grade or severe) are reported in Table 2, where results are stratified by study to account for batch variations in cell analyses across studies.


Table 1 | Characteristics of patients who developed versus patients who did not develop flares from week 24 through week 76 in the pooled BLISS study population.




Table 2 | B cell subset counts at baseline in patients who developed versus patient who did not develop flares from week 24 through week 76 in the BLISS-76, BLISS-SC and BLISS-NEA study population.





3.2 Associations With Flares Occurring From Week 24 Through Week 52


3.2.1 Flares of Any Severity (Mild/Moderate or Severe)

In the pooled datasets, 892/1533 patients (58.2%) developed at least one SFI flare of any degree of severity from week 24 through week 52. Among patients who flared, the first flare occurred after a mean time of 244.8 ± 61.0 days from baseline.


3.2.1.1 B Cell Changes

In the entire cohort (all treatment arms) and among patients who received add-on belimumab, no difference in rapid or early changes in any B cell subset was observed between patients who developed and patients who did not develop SFI flares of any severity from week 24 onwards (Figure 1 and Supplementary Tables S1, S2). Among patients who received ST alone, patients who flared showed a slight decrease in CD19+CD20+CD27+ memory B cells through week 8 (-2.1%) while patients who did not flare showed an increase (+4.2%; P=0.037). Additionally, patients who flared exhibited less prominent decreases in CD19+CD20-CD138+ long-lived plasma cells from baseline through week 24 compared with patients who did not flare (-16.1% versus -35.1%; P=0.012). No difference was observed between flaring and non-flaring patients regarding rapid or early changes in CD19+CD20+ B cells (P=0.630 and P=0.082, respectively), CD19+CD20+CD69+ activated B cells (P=0.439 and P=0.681, respectively), CD19+CD20-CD27bright plasmablasts (P=0.967 and P=0.772, respectively), or CD19+CD27brightCD38bright SLE-associated plasma cells (P=0.681 and P=0.366, respectively).




Figure 1 | B cell alterations in relation to flares occurring from week 24 through week 52. The graphs delineate relative to baseline percentage changes in selected B cell and plasma cell subsets from baseline through different time points in patients who developed at least one SFI flare (mild/moderate or severe) from week 24 through week 52 (continuous lines) and patients who did not (dashed lines). Comparisons between patients who flared and patients who did not were conducted for the entire population with available data (black lines), and after stratification into patients who received standard therapy plus belimumab (terracotta lines) and patients who received standard therapy alone (grey lines). P values derived from non-parametric Mann-Whitney U tests. The number of patients with available data at each time point is indicated for each patient subgroup. SFI, Safety of Estrogens in Lupus Erythematosus National Assessment (SELENA) - Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) Flare Index.





3.2.1.2 Serological Markers

In the entire cohort (all treatment arms), patients who developed flares of any severity from week 24 onwards showed no rapid change in anti-dsDNA levels (0.0%) while patients who did not flare showed rapid (-12.5%; P<0.001) and persistent decreases, which were consistently greater compared with those observed in flaring patients (baseline through week 24: -21.7% versus -1.9%; P<0.001), as well as in a subgroup analysis of patients with positive anti-dsDNA levels at baseline, both regarding rapid (through week 8; -22.2% versus -15.8%; P<0.001) and early changes (through week 24; -33.0% versus -24.0%; P<0.001). Changes in complement levels exhibited no ability to distinguish flaring from non-flaring patients. The results are illustrated in Figure 2 and detailed in Supplementary Tables S1–S3.




Figure 2 | Changes in serological markers in relation to flares occurring from week 24 through week 52. The graphs delineate relative to baseline percentage changes in anti-dsDNA, C3 and C4 levels from baseline through different time points in patients who developed at least one SFI flare (mild/moderate or severe) from week 24 through week 52 (continuous lines) and patients who did not (dashed lines). Comparisons between patients who flared and patients who did not were conducted for the entire population with available data (black lines), and after stratification into patients who received standard therapy plus belimumab (terracotta lines) and patients who received standard therapy alone (grey lines). For anti-dsDNA levels, a separate analysis for patients with positive anti-dsDNA levels (≥30 IU/mL) at baseline is also demonstrated. P values derived from non-parametric Mann-Whitney U tests. The number of patients with available data at each time point is indicated for each patient subgroup. SFI, Safety of Estrogens in Lupus Erythematosus National Assessment (SELENA) - Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) Flare Index; anti-dsDNA, anti-double stranded DNA antibodies; C3, complement component 3; C4, complement component 4.



Among patients who received add-on belimumab, patients who developed flares of any severity showed less prominent rapid (-4.6% versus -17.7%; P<0.001) and early (-10.8% versus -26.4%; P<0.001) relative to baseline decreases in anti-dsDNA levels compared with patients who did not flare, which was also the case in a subgroup analysis of patients with positive anti-dsDNA levels at baseline, both regarding rapid (-20.2% versus -27.4%; P=0.012) and early (-31.5% versus -39.0%; P=0.008) changes. No differences were observed regarding rapid or early changes in C3 or C4 levels (Figure 2).

Among patients who received ST alone, no differences were found between patients who flared and patients who did not flare from week 24 onwards regarding rapid or early changes in anti-dsDNA or complement levels.




3.2.2 Severe Flares

In the pooled datasets, 163/1533 patients (10.6%) developed at least one severe flare from week 24 through week 52. Among patients who developed severe flares, the first severe flare occurred after a mean time of 253.6 ± 64.8 days from baseline.


3.2.2.1 B Cell Changes

In the entire cohort (all treatment arms), patients who developed at least one severe flare from week 24 onwards showed less prominent rapid increases through week 8 in CD19+CD20+CD27+ memory B cells compared with patients who did not develop severe flares (+50.0% versus +83.5%; P=0.037), as shown in Figure 3. Furthermore, patients who developed severe flares displayed less prominent relative to baseline decreases through week 24 in CD19+CD20-CD138+ long-lived plasma cells (-23.5% versus -39.4%; P=0.028), CD19+CD20+CD138+ short-lived plasma cells (21.5% versus -41.1%; P=0.024) and CD19+CD27brightCD38bright SLE-associated plasma cells (-19.0% versus -27.8%; P=0.045) compared with patients who did not develop severe flares. No differences were observed between patients who developed severe flares compared with patients who did not regarding rapid or early changes in CD19+CD20+ B cells (P=0.967 and P=0.323, respectively), CD19+CD20+CD69+ activated B cells (P=0.378 and P=0.431, respectively) or CD19+CD20+CD27- naïve B cells (P=0.273 and P=0.313, respectively), or rapid changes in CD19+CD20+CD138+ short-lived plasma cells (P=0.599). The results are delineated in Figure 3 and detailed in Supplementary Tables S1–S3.




Figure 3 | B cell alterations in relation to severe flares occurring from week 24 through week 52. The graphs delineate relative to baseline percentage changes in selected B cell and plasma cell subsets from baseline through different time points in patients who developed at least one severe SFI flare from week 24 through week 52 (continuous lines) and patients who did not (dashed lines). Comparisons between patients who flared and patients who did not were conducted for the entire population with available data (black lines), and after stratification into patients who received standard therapy plus belimumab (terracotta lines) and patients who received standard therapy alone (grey lines). P values derived from non-parametric Mann-Whitney U tests. The number of patients with available data at each time point is indicated for each patient subgroup. SFI, Safety of Estrogens in Lupus Erythematosus National Assessment (SELENA) - Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) Flare Index.



Among patients who received add-on belimumab, no differences in rapid or early changes across any B cell subset were observed between patients who developed severe flares and patients who did not.

Among patients who received non-biological ST alone, patients who developed severe flares showed an increase while patients who did not develop severe flares showed a decrease from baseline through week 24 in CD19+CD20+CD27+ memory B cells (+14.3% versus -7.7%; P=0.023), CD19+CD20-CD138+ long-lived plasma cells (+6.7% versus -27.2%; P=0.002) and CD19+CD27brightCD38bright SLE-associated plasma cells (+41.2% versus -6.1%; P=0.038), resulting in a significant difference in all cases. No difference was observed between patients who developed severe flares and patients who did not regarding rapid or early changes in the overall CD19+CD20+ B cell pool (P=0.972 and P=0.062, respectively), CD19+CD20+CD69+ activated B cells (P=0.653 and P=0.159, respectively), CD19+CD20+CD27- naïve B cells (P=0.761 and P=0.101, respectively), CD19+CD20-CD27bright plasmablasts (P=0.272 and P=0.184, respectively), or CD19+CD20+CD138+ short-lived plasma cells (P=0.755 and P=0.106, respectively; Figure 3).



3.2.2.2 Serological Markers

In the entire cohort (all treatment arms), no differences between patients who developed severe flares and patients who did not were documented regarding rapid changes in anti-dsDNA or complement levels. Patients who developed at least one severe flare from week 24 onwards showed no early change (0.0%) while patients who did not develop severe flares exhibited early decreases in anti-dsDNA levels (-13.3%; P=0.020). In a subgroup analysis of patients with positive anti-dsDNA levels at baseline, the relative to baseline decrease in anti-dsDNA levels through week 24 was less prominent in patients who developed severe flares from week 24 onwards compared with patients who did not (-11.2% versus -29.8%; P=0.003), as shown in Figure 4. No differences between patients who developed severe flares and patients who did not were seen regarding early changes in C3 or C4 levels (Figure 4).




Figure 4 | Changes in serological markers in relation to severe flares occurring from week 24 through week 52. The graphs delineate relative to baseline percentage changes in anti-dsDNA, C3 and C4 levels from baseline through different time points in patients who developed at least one severe SFI flare from week 24 through week 52 (continuous lines) and patients who did not (dashed lines). Comparisons between patients who flared and patients who did not were conducted for the entire population with available data (black lines), and after stratification into patients who received standard therapy plus belimumab (terracotta lines) and patients who received standard therapy alone (grey lines). For anti-dsDNA levels, a separate analysis for patients with positive anti-dsDNA levels (≥30 IU/mL) at baseline is also demonstrated. P values derived from non-parametric Mann-Whitney U tests. The number of patients with available data at each time point is indicated for each patient subgroup. SFI, Safety of Estrogens in Lupus Erythematosus National Assessment (SELENA) - Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) Flare Index; anti-dsDNA, anti-double stranded DNA antibodies; C3, complement component 3; C4, complement component 4.



A similar pattern was seen among patients who received add-on belimumab. Patients who developed at least one severe flare from week 24 onwards showed a trend towards less prominent decreases in anti-dsDNA levels through week 24 compared with patients who did not develop severe flares (-10.5 versus -20.5%), which however did not reach statistical significance (P=0.071). Nevertheless, in the subgroup analysis of patients with positive anti-dsDNA levels at baseline, the decreases in anti-dsDNA levels through week 24 were less prominent in patients who developed severe flares from week 24 onwards compared with patients who did not (-19.6% versus -35.9%; P=0.022). No differences between patients who developed severe flares and patients who did not were seen regarding rapid or early changes in C3 or C4 levels (Figure 4).

Among patients who received non-biological ST alone, no differences between patients who developed severe flares and patients who did not were seen regarding rapid or early relative to baseline changes in anti-dsDNA, C3 or C4 levels (Figure 4).





3.3 Associations With Disease Flares in Time-Dependent Cox Regression Models


3.3.1 Flares of Any Severity (Mild/Moderate or Severe)

In the pooled datasets, 959/1533 patients (62.6%) developed at least one SFI flare of any degree of severity from week 24 through the end of the study period (week 52 in BLISS-SC and BLISS-NEA; week 76 in BLISS-76). Among patients who flared, the first flare occurred after a mean time of 254.4 ± 76.7 days from baseline.

Proportional hazards (Cox) regression models showed no ability of alterations in B cell or plasma cell subsets to portend flares of any severity occurring from week 24 onwards in the entire study population, being the case for both rapid changes through week 8 and early changes through week 24, the latter also in models adjusted for the rapid phase B cell changes (Figure 5A). By contrast, use of belimumab was shown to be overall protective against disease flares. The results are detailed in Supplementary Table S4, including the interaction term between belimumab use and relative to baseline B cell changes. Thus, the hazard ratio (HR) of flare development in belimumab-treated patients is derived by multiplication of the HR for the interaction term with the HR for B cell changes in the respective model. Regarding flares of any severity, the interaction term did not reach statistical significance in any model.




Figure 5 | Associations between B cell alterations and flare development. The forest plots illustrate results from proportional hazards (Cox) regression analysis, investigating associations between rapid or early relative to baseline percentage changes in selected B cell and plasma cell subsets and development of the first SFI flare of any severity (mild/moderate or severe; (A) or the first severe SFI flare (B) occurring from week 24 through week 76 or the last available follow-up visit. All models included belimumab use (any dose) as a covariate, and the result for the respective model is plotted in terracotta colour. The potential interaction between cell alterations and belimumab use were accounted for. Additionally, all models were adjusted for age, sex, ethnicity, SLE disease duration, use of methotrexate, use of azathioprine, use of mycophenolate mofetil, use of immunosuppressants other than those mentioned before, and the BLISS study to account for batch variations in cell analyses. One set of models investigating associations between early B cell changes and flare development was also adjusted for the relative to baseline cell alterations from baseline through week 8 to account for alterations in opposing directions in the rapid and early follow-up phase. Circles denote hazard ratios and whiskers denote 95% confidence intervals. Statistically significant associations are indicated with asterisks. SFI, Safety of Estrogens in Lupus Erythematosus National Assessment (SELENA) - Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) Flare Index.





3.3.2 Severe Flares

In the pooled datasets, 187/1533 patients (12.2%) developed at least one severe flare from week 24 through the end of the study period. Among patients who developed severe flares, the first severe flare occurred after a mean time of 274.3 ± 88.4 days from baseline.

Rapid increases in CD19+CD20-CD138+ long-lived plasma cells from baseline through week 8 were associated with a higher likelihood and/or shorter time to the first severe flare from week 24 onwards (HR: 1.11; 95% CI: 1.01–1.22; P=0.024), while changes in the other B cell or plasma cell subsets during the rapid phase exhibited no significant association with development of severe flares. Add-on belimumab was shown to exert an overall protective effect, which however did not reach significance in the models of CD19+CD20+CD27+ memory B cells, CD19+CD20-CD138+ long-lived plasma cells and CD19+CD27brightCD38bright SLE-associated plasma cells (Figure 5B; Supplementary Table S4).

Notably, early increases in CD19+CD20+CD27+ memory B cells from baseline through week 24 were associated with a higher likelihood and/or shorter time to the first severe flare from week 24 onwards, both before (HR: 1.39; 95% CI: 1.05–1.84; P=0.022) and after (HR: 1.58; 95% CI: 1.18–2.11; P=0.002) adjustment for changes in CD19+CD20+CD27+ memory B cells during the rapid phase (from baseline through week 8), while add-on belimumab showed no protective effect in these models (Figure 5B). The interaction term between belimumab use and relative to baseline changes in CD19+CD20+CD27+ memory B cells through week 24 was statistically significant (HR:0.72; 95% CI: 0.52−0.99; P=0.044) in the unadjusted model for the changes through week 8. Thus, relative to baseline changes in CD19+CD20+CD27+ memory B cells through week 24 were associated with a 39% increased hazard of subsequent severe flare development when the patient was on placebo, while for belimumab-treated patients this hazard was minimal (1.39 x 0.72 = 1.0008), in line with the unadjusted analysis presented in Figure 3. Changes in the other B cell or plasma cell subsets from baseline through week 24 exhibited no significant association with development of severe flares before adjustment for the rapid phase. Following adjustment for the rapid phase, early increases in the total CD19+CD20+ B cell pool were associated with a higher likelihood and/or shorter time to the first severe flare (HR: 1.81; 95% CI: 1.08–3.05; P=0.024; Figure 5B). The results are detailed in Supplementary Table S4.





4 Discussion

In this paper, we analysed data from three phase III clinical trials of SLE. We demonstrated that increasing trends in long-lived plasma cells during an initial rapid phase and in memory B cells during a later intermediate phase upon commencement of therapy with belimumab or placebo on top of non-biological ST were associated with subsequent severe flares. Our study introduces dynamics in peripheral B cell and plasma cell subsets as a potential complemental tool in the surveillance of lupus patients. It is worth noting that among patients treated with add-on belimumab, patients who developed flares exhibited more modest decreases in anti-dsDNA levels compared with patients who did not flare, providing important implications about the potential usefulness of anti-dsDNA dynamics in early evaluation of belimumab therapy. To the best of our knowledge, this is the first documentation of the relationship between rapid and early changes in circulating B lymphocyte subsets and subsequent disease flares in a large SLE population, with potential implications regarding surveillance strategies and early treatment evaluation in patients with SLE.

Prevention of flares is included among SLE treatment goals, since they may heavily influence the patients’ prognosis, e.g., by contributing to organ damage accrual and morbidity (30, 31). Unfortunately, despite advanced therapeutics during the last decades (14), implementation of efficient preventive strategies remains an unmet need, and flares are not rare even upon treatment initiation (32, 33), the latter per se thus not constituting a guarantee for disease quiescence. Moreover, early determination of the risk for disease flares in patients commencing treatment for active SLE is still not feasible in clinical practice. Considering the important role of B cells in SLE (30), exploration of the relationship between their kinetics upon treatment initiation and disease flaring is intriguing.

Following the advent of the anti-BAFF biological agent belimumab, several studies have highlighted that this drug reduces the burden of flares in patients with SLE (2, 16–18). Considering its mode of action, belimumab is expected to hamper the survival of B cells, especially immature B cells, which has been corroborated in previous research (28, 34–36). Thus, declining B cell subsets, especially B cell subsets of early developmental stages, could be expected to signify better responses to belimumab therapy, in a similar manner as successful B cell depletion has been shown to be coupled with good responses to treatment with rituximab (37, 38).

Our hypothesis was that prominent biological changes towards abatement of B cell activity upon therapy initiation would be associated with a protection against flares, and since biological changes have been shown to precede the measurable clinical improvement induced by belimumab (34), one could expect that alterations in B cell subsets in patients who are protected from flares occur early after treatment initiation. The concept of monitoring early biological changes to portend therapeutic outcome should not be regarded as contradicting that of baseline predictors, but rather complemental towards optimised surveillance, early and efficient decision-making, and better outcomes. For instance, serological status at baseline has been shown to be informative regarding the outcome of belimumab therapy (39, 40), as have early decreases in levels of interleukin (IL)-6 (41).

Flares may occur at any time during patient follow-up and have been reported both as an early and a delayed event upon treatment initiation (3, 5, 17). In the present study, we assessed changes in peripheral B cell and plasma cell subsets preceding disease flares which occurred from week 24 from baseline and throughout a follow-up of up to 76 weeks. We showed that more prominent rapid and early decreases in long-lived plasma cells were inversely associated with subsequent flares, particularly severe flares. Stratification of patients by treatment arm (ST plus belimumab and ST alone) revealed that the inverse association between early decreases in long-lived plasma cells and subsequent flaring was significant in patients who received non-biological ST alone in unadjusted analysis but not in patients who received add-on belimumab. Thus, early and profound decreases in long-lived plasma cells may signify greater expected drug efficacy and a protective effect against flares when broad immunosuppression is commenced, whereas belimumab may rather be expected to induce decreases irrespective of the treatment outcome. While this observation should be interpreted with caution since it was not replicated in the Cox regression analysis for the early treatment phase, it has some interest in light of inconsistent results in previous research regarding the impact of belimumab therapy on plasma cell subsets (28, 34–36). In this respect, the large study population and the investigation of several distinct plasma cell subsets carried out in the present study may have facilitated the detection of subsets within the plasma cell pool, the kinetics of which may have particular prognostic value.

By contrast, a rapid increase in memory B cells was found to be inversely associated with subsequent occurrence of severe flares. Interestingly, however, a later relative to baseline increase in memory B cells through week 24 was also shown to portend severe flares in time-dependent Cox regression analysis. This seemingly conflicting finding becomes interesting in light of knowledge that belimumab therapy induces an early expansion of memory B cells, with a subsequent return towards baseline values (35, 36), which however has not been put in relation to a longer-term treatment outcome. The findings herein imply that while this initial expansion may be associated with belimumab efficacy and a lower likelihood to develop severe flares, the lack of return or a continued increase in memory B cells may be associated with abatement of the drug efficacy and flare development. Following stratification by treatment arms, the rapid expansion of memory B cells was evidently driven by belimumab, although the numbers were not sufficient to demonstrate significant differences between flaring and non-flaring patients within treatment groups. Notably, it was also evident that among patients who received non-biological ST alone, those who developed severe flares from week 24 onwards displayed an increase in memory B cells through week 24 following an initial drop, whereas belimumab-treated patients displayed a rapid increase in circulating memory B cells followed by a subsequent return regardless of flare occurrence.

Importantly, relative increases in the overall B cell pool through week 24 were also found to herald subsequent severe flares in Cox regression analysis, however only after adjustment for B cell changes during the rapid treatment phase, which complicates the interpretation of this finding. The link between changes in the circulating B cell pool and clinical response has been investigated in response to anti-CD20 treatment in SLE and lupus nephritis, with overall depletion of B cells being associated with better responses (38, 42), whereas a quick repopulation of memory B cells and plasmablasts heralded lupus flares (37). Our findings yield further merit to the concept of B cell monitoring as a relevant tool for patient follow-up upon therapy, especially B cell modulatory therapy, and provide novel implications of a connection between changes in distinct B cell and plasma cell subsets in the periphery following anti-BAFF treatment and occurrence of lupus flares.

We also investigated changes in anti-dsDNA and complement levels. In this analysis, anti-dsDNA antibody levels decreased more prominently through week 24 in belimumab-treated patients who did not develop subsequent severe flares compared with belimumab-treated patients who developed severe flares, whereas in placebo-treated patients this difference reached significance only at week 52. This corroborates the known usefulness of anti-dsDNA antibodies in surveillance of patients with SLE (43, 44), here also in the context of treatment evaluation (45), especially early evaluation of treatment with belimumab. While add-on belimumab overall induced increases in C3 and C4 levels, those could not distinguish patients who flared from patients who did not.

Among the limitations of the present study, one should mention the selected clinical trial population, which was enriched with patients with active musculoskeletal and mucocutaneous SLE, raising concerns about the generalisability of our findings. On the other hand, this is the first study to assess early changes in B cell subsets upon treatment initiation in relation to the development of SLE flares in a large study population. Importantly, when interpreting the results, one should bear in mind that we investigated relative and not absolute changes in cell subsets, which on the one hand may pose hurdles in interpretation and direct clinical implementation, whereas on the other hand normalised the values and circumvented batch effects from the varying methods at different laboratories. Lastly, in this investigation we stratified flares according to their severity, which forms a rather generalised concept for flaring. However, even severe articular or mucocutaneous flares may be less likely to result in life-threatening complications and irreversible organ damage compared with renal or neuropsychiatric flares. While it was beyond the scope of this study, flare stratification by organ involvement would have merit in a future analysis, as would stratification by background immunosuppressive therapy.

In summary, we showed that a rapid increase in long-lived plasma cells, an early increase in the total pool of circulating B cells, and an early or intermediate increase in memory B cells upon treatment initiation for active SLE heralded subsequent severe disease flares. Moreover, no or less prominent rapid or early decreases in anti-dsDNA antibody levels were also associated with the development of flares of any severity and severe flares, especially in patients treated with add-on belimumab. An initial expansion of memory B cells may signify sustained response to therapy when followed by a subsequent drop, while intermediate increases in memory B cells may portend flaring. Therapeutic adjustments in patients showing no dynamics in peripheral plasma cell subsets or anti-dsDNA levels might help prevent flares and disease progression. Overall, anti-dsDNA may be an important marker in the monitoring of patients treated with belimumab, and peripheral B cell and plasma cell subsets may prove a useful complement to traditional surveillance and early treatment evaluation in patients with SLE.
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B cell subsets All patients Yes No P value
BLISS-76
Any flare from week 24 through week 76
N=720 N=553 N=167
CD19*CD20* (x10*/mL) 91.5 (42.0-175.0); N=662 95.0 (42.3-175.0); N=504 81.0 (40.0-163.0); N=158 0.270
CD19*CD20*CD27* (x10%/mL) 14.0 (6.0-27.0); N=662 14.5 (6.0-27.0); N=504 13.0 (7.0-25.0); N=158 0.464
CD19*CD20*CD69" (/mL) 2096.5 (939.3-4357.5); N=650 2141.0 (867.5-4422.5); N=493 1958.0 (1010.0-4221.5); N=157 0.886
CD19*CD20*CD27" (x10%/mL) 75.5 (32.8-141.3); N=662 79.0 (33.0-144.0); N=504 67.5 (30.5-127.0); N=158 0.209
CD19*CD20*CD138" (/mL) 791.5 (329.3-1768.0); N=656 832.0 (357.0-1848.0); N=499 549.0 (263.5-1544.5) 0.014
CD19*CD20°CD138" (/mL) 474.0 (212.0-1059.0); N=655 485.0 (212.0-10883.0); N=499 449.0 (211.5-1040.0); 0.931
CD19*CD20°CD27°" (/mL) 312.0 (117.0-714.5); N=653 275.5 (107.0-668.3); N=496 456.0 (162.5-880.0); N=157 0.004
CD19*CD27°"CD38"" (/mL) 320.0 (115.3-722.3); N=660 292.0 (109.8-675.5); N=502 438.0 (153.5-865.3); N=158 0.008
Severe flare from week 24 through week 76
N=720 N=120 N=600
CD19*CD20* (x10%/mL) 91.5 (42.0-175.0); N=662 91.0 (37.0-161.0); N=113 92.0 (43.0-175.5); N=549 0.463
CD19*CD20*CD27* (x10%/mL) 14.0 (6.0-27.0); N=662 12.0 (5.0-26.5); N=113 15.0 (7.0-27.0); N=549 0.183
CD19*CD20*CD69" (/mL) 2096.5 (939.3-4357.5); N=650 2385.0 (1063.3-5261.8); N=110 2046.5 (864.3-4296.3); N=540 0.196
CD19*CD20*CD27" (x10%/mL) 75.5 (32.8-141.3); N=662 70.0 (30.0-136.5); N=113 76.0 (33.0-142.0); N=549 0575
CD19*CD20*CD138" (/mL) 791.5 (329.3-1768.0); N=656 756.0 (258.0-1961.0) 113 795.0 (342.0-1696.0); N=543 0.942
CD19*CD20°CD138" (/mL) 474.0 (212.0-1059.0); N=655 498.0 (209.0-1100.0); N=113 469.5 (211.8-1061.0); N=542 0.813
CD19*CD20°CD27°" (/mL) 312.0 (117.0-714.5); N=653 274.5 (113.5-609.3); N=112 320.0 (119.0-743.5), 541 0.480
CD19*CD27°"CD38"" (/mL) 320.0 (115.3-722.3); N=660 285.0 (105.0-649.0); N=113 334.0 (120.0-732.0); N=547 0.274
BLISS-SC
Any flare from week 24 through week 76
N=757 N=377 N=380
CD19*CD20* (x10°/mL) 107.0 (68.0-197.5); N=736 102.0 (53.0-189.0); N=363 108.0 (69.5-205.5); N=373 0.161
CD19*CD20*CD27* (x10%/mL) 14.0 (7.0-29.0); N=736 12.0 (6.0-25.0); N=363 17.0 (7.0-32.0); N=373 0.001
CD19*CD20*CD69* (/mL) 79.0 (382.0-198.8); N=736 74.0 (29.0-171.0); N=363 85.0 (35.0-230.0); N=373 0.045
CD19*CD20*CD27" (x10%/mL) 89.0 (44.0-167.0); N=736 90.0 (43.0-158.0); N=363 89.0 (44.6-177.0); N=373 0.414
CD19*CD20*CD138" (/mL) 53.0 (20.0-131.8); N=736 55.0 (22.0-130.0); N=363 52.0 (19.0-133.5); N=373 0.735
CD19*CD20°CD138" (/mL) 198.0 (67.0-501.8); N=736 224.0 (69.0-566.0); N=363 176.0 (62.5-449.5); N=373 0.168
CD19*CD20°CD27°" (/mL) 2000.0 (1000.0-4000.0); N=736 2000.0 (1000.0-4000.0); N=363 2000.0 (1000.0-4000.0); N=373 0.132
CD19*CD27°"CD38"" (/mL) 1723.5 (728.3-3887.3); N=736 1594.0 (630.0-3733.0); N=363 1795.0 (763.0-4046.0); N=373 0.184
Severe flare from week 24 through week 76
N=757 N=63 N=694
CD19*CD20* (x10%/mL) 107.0 (68.0-197.5); N=736 70.0 (29.5-165.3); N=62 108.5 (60.8-200.0); N=674 0.002
CD19*CD20*CD27* (x10%/mL) 14.0 (7.0-29.0); N=736 8.5 (5.0-21.3); N=62 15.0 (7.0-30.0); N=674 0.001
CD19*CD20*CD69" (/mL) 79.0 (32.0-198.8); N=736 55.0 (26.0-111.0); N=62 82.0 (33.0-205.0); N=674 0.007
CD19*CD20*CD27" (x10°/mL) 89.0 (44.0-167.0); N=736 61.0 (23.8-146.3); N=62 92.0 (46.0-170.3); N=674 0.007
CD19*CD20*CD138" (/mL) 53.0 (20.0-131.8); N=736 44.0 (16.0-100.5); N=62 54.5 (20.0-185.0); N=674 0.155
CD19*CD20°CD138" (/mL) 198.0 (67.0-501.8); N=736 248.0 (65.0-611.5); N=62 194.5 (67.0-496.5); N=674 0.460
CD19*CD20°CD27°" (/mL) 2000.0 (1000.0-4000.0); N=736 1500.0 (750.0-3000.0); N=62 2000.0 (1000.0-4000.0); N=674 0.421
CD19*CD27°"CD38"" (/mL) 1723.5 (728.3-3887.3); N=736 1698.5 (649.8-3620.0); N=62 1723.5 (728.8-3909.3); N=674 0.912
BLISS NEA
Any flare from week 24 through week 76
N=60 N=40 N=20
CD19*CD20* (x10°/mL) 54.0 (22.0-102.0); N=51 54.0 (28.0-121.0); N=27 53.5 (17.3-90.5); N=24 0.503
CD19*CD20*CD27* (x10%/mL) 7.4 (35-10.7); N=52 7.2/(32-11.7); N=28 7.4 (4.4-10.7); N=24 0673
CD19*CD20*CD69* (/mL) 106.6 (45.5-182.8); N=52 114.4 (46.8-182.8); N=28 106.6 (45.0-182.4); N=24 0.883
CD19*CD20*CD27" (x10%/mL) 40.5 (18.7-94.5); N=52 43.1 (256.1-99.2); N=28 38.9 (15.0-77.8); N=24 0.533
CD19*CD20*CD138" (/mL) 100.1 (58.3-247.3); N=52 84.9 (50.3-457.2); N=28 114.1 (64.1-201.3); N=24 0.783
CD19*CD20°CD138" (/mL) 301.2 (175.6-685.7); N=52 390.5 (179.3-708.7); N=28 257.2 (128.1-596.8); N=24 0.322
CD19*CD20°CD27°" (/mL) 970.6 (229.7-2204.8); N=52 1053.1 (290.2-2204.8); N=28 935.7 (213.4-2537.5); N=24 0.646
CD19*CD27°"CD38"" (/mL) 954.4 (263.2-2218.4); N=52 998.5 (269.7-2218.4); N=28 919.8 (210.4-2274.6); N=24 0.633
Severe flare from week 24 through week 76
N=56 N=4 N=52
CD19*CD20* (x10%/mL) 54.0 (22.0-102.0); N=51 61.5 (14.3-158.3) 54.0 (28.0-95.0); N=47 0.879
CD19*CD20*CD27* (x10%/mL) 7.4 (35-10.7); N=52 5.1 (3.6-59.6) 7.5(35-10.7); N=48 0.882
CD19*CD20*CD69* (/mL) 106.6 (45.5-182.8); N=52 100.6 (50.0-139.4) 106.6 (45.0-186.6); N=48 0.778
CD19*CD20*CD27" (x10%/mL) 40.5 (18.7-94.5); N=52 57.2(9.3-99.2) 40.5 (19.5-85.5); N=48 0.728
CD19*CD20*CD138" (/mL) 100.1 (58.3-247.3); N=52 143.8 (40.8-442.3) 89.7 (58.3-247.3); N=48 0.753
CD19*CD20°CD138" (/mL) 301.2 (175.6-685.7); N=52 173.4 (80.2-357.4) 309.6 (185.6-701.8); N=48 0.121
CD19*CD20°CD27"" (/mL) 970.6 (229.7-2204.8); N=52 1059.9 (280.8-2322.3) 970.6 (229.7-2204.8); N=48 0.960
CD19*CD27°"'CD38"" (/mL) 954.4 (263.2-2218.4); N=52 1096.7 (296.8-2048.0) 954.4 (263.2-2308.9); N=48 1.000

Data are presented as medians (interquartile range) of absolute counts. In case of missing values, the total number of patients with available data is indicated. P values are derived from non-

parametrical Mann-Whitney U tests. Statistically significant P values are in bold.
NEA. Northeast Asia: SC, subcutaneous.
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Any flare from week 24 through week 76 Severe flare from week 24 through week 76

All patients Yes No P All patients Yes No P
N=1533 N=959 N=574 value N=1533 N=187 N=1346 value
Patient characteristics
Age at baseline (years) 39.3+11.8 393+ 11.4 393+ 125 0.703 39.3+11.8 38.8 +12.6 39.3+11.7 0.461
Female sex 1439 (93.9%) 898 (93.6%) 541(94.3%)  0.629 1439 (93.9%) 173 (92.5%) 1266 (94.1%)  0.410
Ancestry
Asian 250 (16.3%) 133 (13.9%) 117 (20.4%) 0.001 250 (16.3%) 29 (15.5%) 221 (16.4%) 0.752
Black/African American 172 (11.2%) 125 (13.0%) 47 (8.2%) 0.004 172 (11.2%) 32 (17.1%) 140 (10.4%) 0.006
Indigenous American* 153 (10.0%) 108 (11.3%) 45 (7.8%) 0.031 153 (10.0%) 21 (11.2%) 132 (9.8%) 0.543
White/Caucasian 958 (62.5%) 593 (61.8%) 365 (63.6%) 0.492 958 (62.5%) 105 (56.1%) 853 (63.4%) 0.056
Clinical data
SLE duration at baseline (years) 5.1 (1.7-10.6) 52 (1.7-106)  4.9(15-10.8) 0551 5.1 (1.7-106) 56 (2.3-11.1) 5.1 (1.6-105) 0.129
Treatment at baseline
Glucocorticoids 1263 (82.4%) 747 (77.9%) 516 (89.9%) <0.001 1268 (82.4%) 151 (80.7%) 1112 (82.6%)  0.530
AMAT 984 (64.2%) 626 (65.3%) 358 (62.4%) 0.251 984 (64.2%) 115 (61.5%) 869 (64.6%) 0.413
Immunosuppressants* 787 (61.3%) 538 (56.1%) 249 (43.4%)  <0.001 787 (51.3%) 109 (58.3%) 678 (50.4%) 0.042
Azathioprine 301 (19.6%) 194 (20.2%) 107 (18.6%) 0.449 301 (19.6%) 43 (23.0%) 258 (19.2%) 0.217
Methotrexate 218 (14.2%) 159 (16.6%) 50 (10.3%)  0.001 218 (14.2%) 30 (16.0%) 188 (14.0%)  0.446
Mycophenolate mofetil or 214 (14.0%) 156 (16.3%) 58(10.1%)  0.001 214 (14.0%) 32 (17.1%) 182 (13.5%)  0.184
sodium
Trial intervention
Placebo 505 (32.9%) 339 (35.3%) 166 (28.9%)  0.010 505 (32.9%) 82 (43.9%) 423 (31.4%)  0.001
Belimumab 1028 (67.1%) 620 (64.7%) 408 (71.1%) 0.010 1028 (67.1%) 105 (56.1%) 923 (68.6%) 0.001
i.v. 1 mg/kg 245 (16.0%) 186 (19.4%) 59 (10.3%) <0.001 245 (16.0%) 31 (16.6%) 214 (15.9%) 0.812
i.v. 10 mg/kg 274 (17.9%) 193 (20.1%) 81 (14.1%) 0.003 274 (17.9%) 39 (20.9%) 235 (17.5%) 0.256
s.c. 200 mg 509 (33.2%) 241 (25.1%) 268 (46.7%)  <0.001 509 (33.2%) 35 (18.7%) 474 (36.2%)  <0.001
Serological markers at baseline
C3; mg/dL. 96.0 (75.0 95.0(73.0 96.0 (77.0 0.5624 96.0 (75.0 89.0 (64.0 97.0 (76.0 <0.001
-118.5) -119.0) -117.0) -118.5) -110.0) -119.0)
C4; mg/dL 16.0(9.0-22.00 15.0(9.0-22.0) 15.0(9.0-21.0) 0.862 15.0(9.0-22.0) 12.0(7.0-19.0) 15.0(9.0-22.0) 0.001
anti-dsDNA; IU/mL (all patients) 92.0(29.0 89.0(29.0 100.0 (29.0 0.582 92.0 (29.0 127.0 (29.0 89.0 (29.0 0.002
-275.0) -285.0) -268.3) -275.0) -429.0) -254.3)
anti-dsDNA; IU/mL (patients 162.0 (88.0 167.0 (88.0 1495(86.0 0443  162.0(88.0 245.0 (101.5 151.0(86.0  0.013
positive at baseline) —477.0); N=1045 -498.0); N=643 -426.0); N=402 -477.0); N=1045 -652.5); N=136  -450.5); N=909

Data are presented as number (percentage), mean + standard deviation, or median (interquartile range), as appropriate. In case of missing values, the total number of patients with available
data is indlicated. Statistically significant P values are in bold.

“Alaska Native or American Indian from North, South or Central America.

"Hydroxychloroquine, chloroquine, mepacrine, mepacrine hydrochloride or quinine sulfate.

* Azathioprine, cyclosporine, oral cyclophosphamide, leflunomide, methotrexate, mizoribine, mycophenolate mofetil, mycophenolate sodium or thalidomide.

AMA, antimalarial agents; C3, complement component 3; C4, complement component 4; i.v., intravenous; s.c., subcutaneous; SLE, systemic lupus erythematosus; SRI-4; SLE,
Responder Index 4.





