Rheumatology 2021;60:4348-4354

RH E U MATO LO GY doi:10.1093/rheumatology/keaa796

Advance Access publication 20 December 2020

Concise report

De novo lupus nephritis during treatment with
belimumab

loannis Parodis ® ', Edward M. Vital ® 2, Sabih-Ul Hassan?, Andreas J6nsen®,
Anders A. Bengtsson®, Per Eriksson*, Dag Leonard®, Iva Gunnarsson’,
Lars Ronnblom® and Christopher Sjowall*

Abstract

Objective. In light of reports of de novo LN during belimumab (BLM) treatment, we sought to determine its fre-
quency and contributing or protective factors in a real-life setting.

Methods. Patients with SLE who received BLM between 2011 and 2017 at five European academic practices
were enrolled (n=95) and followed longitudinally for a median time of 13.1 months [interquartile range (IQR):
6.0-34.7]; 52.6% were anti-dsDNA positive, 60.0% had low complement levels, and 69.5% had no renal involve-
ment prior to/at BLM initiation [mean disease duration at baseline: 11.4(9.3)years]. Age- and sex-matched patients
with non-renal SLE who had similar serological profiles, but were not exposed to BLM, served as controls (median
follow-up: 132.0 months; IQR: 98.3-151.2).

Results. We observed 6/66 cases (9.1%) of biopsy-proven de novo LN (4/6 proliferative) among the non-renal
BLM-treated SLE cases after a follow-up of 7.4 months (IQR: 2.7-22.2). Among controls, 2/66 cases (3.0%) of de
novo LN (both proliferative) were observed after 21 and 50 months. BLM treatment was associated with an
increased frequency and/or shorter time to de novo LN [hazard ratio (HR): 10.7; 95% CI: 1.7, 67.9; P=0.012],
while concomitant use of antimalarial agents along with BLM showed an opposing association (HR: 0.2; 95% CI:
0.03, 0.97; P=0.046).

Conclusion. Addition of BLM to standard-of-care did not prevent LN in patients with active non-renal SLE, but a
favourable effect of concomitant use of antimalarials was implicated. Studies of whether effects of B-cell activating
factor inhibition on lymphocyte subsets contribute to LN susceptibility are warranted.
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SCIENCE

Rheumatology key messages

o Irrespective of prior renal involvement, belimumab treatment may not adequately protect against lupus nephritis.
« Concomitant antimalarial therapy along with belimumab was implied to protect against development of

lupus nephritis.
o Our observations call for vigilance with regard to evolving renal disease during belimumab therapy.
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afflicted organ systems and the organ-specific or global
disease activity [2]. LN is a manifestation of SLE with a
potentially life-threatening course [3].

BLM is a recombinant human IgG1-A monoclonal anti-
body that specifically binds the soluble form of B cell
activating factor (BAFF). The efficacy of BLM has been
demonstrated to date in five placebo-controlled phase
Il trials and several observational studies [4]. Although
post hoc analysis of clinical trials of BLM showed super-
iority of BLM over placebo in preventing renal flares [5]
and a systematic review suggested an overall promising
effect of BAFF inhibition on renal outcomes [6], develop-
ment of LN during BLM treatment has also been
reported [7-10]. Clinical trials of BLM in LN, either as an
add-on therapy to SoC or in combination with RTX, are
underway [11-13] and the BLISS-LN trial recently dem-
onstrated superiority of addition of BLM to SoC for ac-
tive LN over SoC alone [14].

We herein report cases of de novo LN during treat-
ment with BLM observed in our academic practices,
and cases of LN flares in patients with a history of
renal SLE at the time of BLM initiation. We further
aimed at identifying factors or risk phenotypes that are
associated with the development of LN, in order to
contribute to optimized monitoring during treatment
with BLM.

Methods
Patients

Patients, classified with SLE according to the 1982 ACR
[15] and/or 2012 SLICC [16] criteria, receiving BLM
10mg/kg intravenously at week 0, 2, 4 and thereafter
every fourth week from its approval in 2011 until 31
December 2017 in the Day Care Units of four Swedish
academic rheumatology centres (Linkdping, Lund,
Stockholm and Uppsala) and one academic centre in
Leeds, UK, were followed longitudinally within the frame
of observational research programmes, and were
included in the present report (n=95). BLM was given
as an add-on to background SoC, with no change in
SoC implemented unless clinically indicated. None of
these patients were given cyclophosphamide, RTX or
other B cell depleting agents during treatment with
BLM. No patient selection was applied other than con-
sent to participate in the study. Sixty-six of these
patients (69.5%) had no history of renal involvement
until BLM initiation. As a comparator group to the
non-renal SLE cases exposed to BLM, we included 66
non-renal SLE cases from Linkoéping and Stockholm,
individually matched for age and sex, with similar sero-
logical profiles (anti-dsDNA positivity, low complement
protein 3 and/or 4), who were also followed longitudinal-
ly; no selection other than matched serology and age
at baseline was applied. Kidney biopsy was performed
in the case of a suspected new onset of LN
during follow-up. Patient characteristics are detailed in
Table 1.
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Definitions

We defined de novo LN as a new onset of significant
proteinuria, defined as a urinary protein-to-creatinine
ratio or protein excretion in 24-h urine collection corre-
sponding to >0.5g/day, combined with renal histology
consistent with LN according to the WHO and/or 2003
International Society of Nephrology/Renal Pathology
Society classification [17], in patients who previously
had not met the ACR criterion for renal disorder [15].

Global SLE disease activity was evaluated using the
SLEDAI-2K [18], and organ damage using the SLICC/
ACR Damage Index (SDI) [19]. For SLEDAI-2K scores,
laboratory and serological items were assessed based
on results from routine tests at the local university hos-
pital laboratories.

Statistics

Comparisons between matched non-renal SLE patients
who received BLM vs those who did not were per-
formed using Wilcoxon’s signed rank test for continuous
and McNemar’s test for dichotomous variables. The oc-
currence of de novo LN or LN flares during follow-up
was illustrated using Kaplan—-Meier curves, and the pair-
wise log-rank (Mantel-Cox) test was employed to com-
pare the de novo LN distributions between BLM
exposed vs not exposed non-renal SLE patients.
Contingency between unrelated dichotomous variables
was tested using Fisher’s exact test. Proportional haz-
ards (Cox) regression was used to investigate factors
and disease phenotypes associated with LN develop-
ment during therapy. P-values<0.05 were considered
statistically significant. IBM SPSS version 25 software
(IBM Corp., Armonk, NY, USA) was used for statistical
analyses and GraphPad Prism 7 (GraphPad Software
Inc., La Jolla, CA, USA) for construction of graphs.

Ethical considerations

The study complied with the ethical principles of the
Declaration of Helsinki. Written informed consent was
obtained from all patients. The study protocol was
approved by regional ethics review boards.

Results
Outcome of cases without prior LN

As shown in Table 1, non-renal SLE patients who were
selected for treatment with BLM had comparable sero-
logical profiles, disease duration and SDI scores but
higher baseline SLEDAI-2K scores [mean (s.p.): 8.2(4.7)]
than age- and sex-matched non-renal SLE controls
[4.9(3.7); P<0.001]. Accordingly, they were on higher
daily prednisolone doses [11.1(9.4) vs 7.3(12.1)mg;
P =0.004] and a higher proportion within BLM-treated
non-renal SLE patients used immunosuppressants
(60.6%) compared with the controls (31.8%; P =0.002),
but the proportions of patients using antimalarial
agents did not differ significantly (P=0.137). Use of
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TaBLE 1 Patient characteristics

Belimumab-treated SLE

Total

Non-renal SLE P-value
comparators

Non-renal

Background variables

Number of cases, n 95 66 66
Age, mean (s.n.), years 42.2 (14.2) 42.2 (15.2) 43.4 (16.0) 0.152
Females, n (%) 89 (93.7) 63 (95.5) 63 (95.5) NA
Current tobacco smoking, n (%) 11 (12.5);n=88 9(15.0); n=60 14 (21.2) 0.367
Former tobacco smoking, n (%) 25 (28.4); n=88 14 (23.3); n=60 23 (34.8) 0.047
Caucasian, n (%) 86 (90.5) 59 (89.4) 64 (97.0) NA
African, n (%) 6 (6.3) 5(7.6) 0(0.0) NA
Asian, n (%) 2(2.1) 2(3.0) 2(3.0) NA
Hispanic, n (%) 1(1.1) 0(0.0) 0(0.0) NA
Diabetes until enrolment, n (%) 3(3.2) 0(0.0) 0(0.0) NA
Hypertension until enrolment, n (%) 23 (24.2) 9(13.6) 14 (21.2) 0.332
Disease variables at enrolment
Duration of SLE, mean (s.n.), years 11.4 (9.3) 10.5(9.1) 9.8(11.1)¢ 0.529
SLEDAI-2K score, mean (s.D.) 9.3 (5.9) 8.2 (4.7) 4.9 (3.7) <0.001
SDI score, median (IQR) 1(0-1);n=93 0(0-1);n=64 0(0-2) 0.594
Serological activity?, n (%) 68 (71.6) 47 (71.2) 50 (75.8) 0.250
Anti-dsDNA positive, n (%) 50 (52.6) 33 (50.0) 34 (51.5) 1.000
Low complement, n (%) 57 (60.0) 40 (60.6) 41 (62.1) 1.000
Anti-Smith positive, n (%) 24 (25.3) 16 (24.2) 14 (21.2) 0.832
Main reasons for belimumab
General, n (%) 4(4.2) 3(4.5) NA NA
Mucocutaneous, n (%) 55 (57.9) 39 (59.1) NA NA
Musculoskeletal, n (%) 54 (56.8) 39 (59.1) NA NA
Haematological, n (%) 12 (12.6) 8(12.1) NA NA
Cardiorespiratory, n (%) 6 (6.3) 4(6.1) NA NA
Renal, n (%) 9(9.5) 0(0.0) NA NA
Neurological, n (%) 5(9.5) 2(3.0) NA NA
Immunological, n (%) 3(3.2) 2 (3.0) NA NA
Ongoing concomitant treatments
Daily prednisolone dose®, mean (s.p.), m 11.3(9.4) 11.1(9.4) 7.3(12.1)° 0.004
Antimalarial agents, n (%) 67 (70.5) 45 (68.2) 36 (54.5) 0.137
Immunosuppressants®, n (%) 58 (61.1) 40 (60.6) 21 (31.8) 0.002
Azathioprine, n (%) 27 (28.4) 17 (25.8) 6(9.1) 0.013
Methotrexate, n (%) 14 (14.7) 11 (16.7) 8(12.1) 0.629
Mycophenolate mofetil/sodium, n (%) 14 (14.7) 11 (16.7) 3(4.5) 0.057
Other immunosuppressants, n (%) 4 (6.8) 2(3.0) 5(7.6) 0.375

In cases of missing values, the total number of available observations (n) is indicated. P-values are derived from compari-
sons between non-renal SLE patients who were treated with belimumab and individually matched for age and sex non-
renal SLE comparators who were not treated with belimumab, using Wilcoxon’s signed rank test for continues variables
and McNemar’s test for dichotomous variables, or the j? test in cases of missing values in one of the two groups.
Significant P-values are indicated in bold. 2Anti-dsDNA positivity and/or low complement levels. PAt the time of belimumab
initiation or enrolment for the comparators. °Excluding antimalarial agents. 9Median (IQR): 6.4 (0.5-13.4) years. °Median
(IQR): 5.0 (0.0-10.0) mg. IQR: interquartile range; NA: not applicable or not available; SDI: SLICC/ACR Damage Index.

immunosuppressants and antimalarials for the controls
during the entire follow-up period is delineated in
Supplementary Figs S1 and S2 (available at Rheunatology
online), respectively.

Six patients (9.1%) developed a biopsy-proven de
novo LN in the BLM-treated non-renal SLE group after a
median follow-up time of 7.4 (IQR: 2.7-22.2) months.
Among the comparators, two individuals (3.0%) devel-
oped de novo LN, one class lll and one class IV after 21
and 50 months, respectively.
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In the six patients who developed de novo LN, all
Caucasians, BLM was primarily initiated for active
mucocutaneous and/or musculoskeletal disease. All had
positive anti-dsDNA levels and were hypocomplemen-
taemic at baseline. At BLM initiation, SLEDAI-2K scores
ranged from 6 to 23, and the daily prednisolone dose
from 7.5 to 30mg. Only 2/6 patients were on concomi-
tant treatment with antimalarials. The renal histopath-
ology in 4/6 subjects was consistent with proliferative
LN (class Il or IV), whereas the two remaining cases
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showed membranous LN (class V) in combination with
class Il. Detailed information is shown in Supplementary
Table S1, available at Rheumatology online.

As illustrated in Fig. 1A, non-renal SLE patients
treated with BLM showed a higher frequency of and/or
shorter time to de novo LN compared with non-renal
SLE patients who did not receive BLM (hazard
ratio (HR): 10.7; 95% CI: 1.7, 67.9; P=0.012). This
association between BLM treatment and de novo LN
development remained significant after adjustment for
SLEDAI-2K scores (HR: 8.3; 95% CI: 1.2, 57.0;
P=0.031), while no such association was seen for
SLEDAI-2K scores as a co-variate in the same model
(HR: 1.1; 95% CI: 0.9, 1.2; P=0.362). The Kaplan—-Meier
curve in Fig. 1B illustrates the course of BLM-treated
patients with and without a history of renal SLE at BLM
initiation, as well as the non-renal comparators, until
the time of LN development or the last available
evaluation.

Next, we selected patients not exposed to BLM with
baseline SLEDAI-2K scores >4, which yielded a control
group with comparable SLEDAI-2K scores [8.5(3.2);
n=25] to the non-renal BLM group. None of the
patients within this group had developed LN after a
mean follow-up of 126.5 (37.8) months.

Outcome of cases with previous LN

Among the 29/95 BLM-treated patients with LN prior to
enrolment, but quiescent renal disease at the time of
BLM initiation, two cases (6.9%) of LN flare were
observed after 1 and 9months (Fig. 1B). One of these

De novo lupus nephritis during treatment with belimumab

patients underwent a renal biopsy that showed a prolif-
erative LN (class IV); prior to BLM treatment, this patient
had a history of class IV nephritis that later shifted to
class V in two subsequent biopsies. The second patient
presented with heavy proteinuria, haematuria and hyper-
tension, indicating renal flare. Therefore, a clinical deci-
sion was made not to wait for a biopsy and instead to
promptly initiate induction therapy with pulsed
cyclophosphamide.

Associations between anti-dsDNA seroconversion
and LN development

Of patients with positive anti-dsDNA levels at baseline
and available follow-up data, no seroconversion was
observed among those who developed LN (n=8) in
the BLM-treated group (n=46) or de novo LN (n=6)
in the BLM-treated non-renal SLE group (n=30),
while 15 and 13 patients seroconverted among those
who did not develop LN (n=38; P=0.040) or de novo
LN (n=24; P=0.024), respectively. Of patients with
low complement levels at baseline, one among those
who developed de novo LN showed normalization
during follow-up; no significant association between
C3/C4 normalization and LN development was
observed.

Predictors of LN development

The following variables were investigated using univari-
able Cox regression analysis: age at baseline, SLE
disease duration, baseline SLEDAI-2K score, anti-
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(A) Bar graph showing proportions of patients who developed de novo LN within the BLM-treated non-renal patient
subgroup (red) and age- and sex-matched comparators not exposed to BLM (blue). The forest plot above illustrates
the result from Cox regression analysis, with the dark blue circle representing the HR and the whiskers representing
the 95% CI. (B) Kaplan—Meier curve illustrating the course of BLM-treated cases with (green) and without (red) a
history of LN at the time of treatment initiation, and the non-renal SLE comparators (blue), until the time of LN
development or the last available follow-up evaluation. BLM: belimumab; HR: hazard ratio.
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dsDNA positivity, low complement (C3 and/or C4),
serological activity (anti-dsDNA  positivity —and/or
hypocomplementaemia), anti-Smith positivity, SDI score,
current or former tobacco smoking, daily prednisolone
dose, use of antimalarial agents, concomitant use of
immunosuppressants, comorbid hypertension and dia-
betes, and history of renal involvement when all BLM-
treated cases were analysed. From these variables, only
use of antimalarial agents was negatively associated
with development of LN when all BLM-treated patients
were considered (coefficient: —0.6; HR: 0.2; 95% ClI:
0.05, 0.86; P=0.031) and with de novo LN when non-
renal cases were considered (coefficient: —1.7; HR: 0.2;
95% ClI: 0.03, 0.97; P =0.046).

Discussion

In our real-life setting of BLM-treated subjects, 9%
of patients with no renal history developed de novo
LN and 7% of patients with prior LN relapsed during
treatment. Using age- and sex-matched non-renal
comparators with similar serological profiles and a
long follow-up, we showed that use of BLM was
associated with an increased frequency of de novo
LN. Interestingly, our data indicated that concomitant
use of antimalarial agents along with BLM may be
protective.

In 2014, de novo LN during BLM treatment was first
reported in a serologically active middle-aged woman
with relapsing serositis, resistant to conventional thera-
pies, and unacceptable doses of corticosteroids [7].
Later, three patients who developed LN over the first
year of BLM therapy were observed among 195 patients
in 10 centres, mainly American [8]. Staveri et al. reported
de novo LN shortly after BLM initiation in two women
who had a moderately active non-renal SLE at baseline;
one was anti-dsDNA negative [9]. Finally, one case of de
novo LN was observed among 23 patients (4%) treated
with BLM in a Spanish setting [10].

It is important to highlight that the majority of patients
chosen for biologic therapy had a severe disease
course, and had failed conventional disease-modifying
non-biologic drugs, including the patients who devel-
oped de novo LN, of whom 5/6 had a long-standing
disease (>7years). A possible explanation for the devel-
opment of de novo LN might be a more aggressive dis-
ease, as reflected by higher SLEDAI-2K scores and
prednisolone doses in these patients; however, neither
these features nor SDI scores, also a proxy for severe
disease course, were associated with LN development.
The non-renal SLE comparators were carefully selected
to have similar serological profiles and age at enrolment,
and were individually matched with the BLM-treated
non-renal SLE patients. However, they had lower levels
of disease activity, lower prednisolone doses and fewer
patients required immunosuppressants. This reflects
that the majority of patients in the comparator group
were in a quiescent phase of their disease at the time of
enrolment, but could also mirror an overall milder

4352

disease phenotype. Nevertheless, they were followed for
a longer time compared with the BLM-treated patients,
and the observed association between BLM and de
novo LN was still present after adjustment for disease
activity. Notably, in a subgroup of the comparators com-
prising 25 patients with comparable degree of activity to
the BLM-treated group, none developed de novo LN
during follow-up. The reasons behind the observed
associations are not clear. Awareness of the steroid-
sparing effects of belimumab may have contributed to
rapid tapering of glucocorticoid doses, which in turn
unveiled renal activity. Belimumab binds to the soluble
counterpart of BAFF, a molecule implicated in the
pathogenesis of LN [20, 21], and has been shown to
alter absolute and relative numbers of B cell subsets,
mainly B cells of early developmental stages [22, 23].
However, the long-term consequences of BAFF
inhibition, e.g. regarding B cell subsets with regulatory
properties, have yet to be determined. Such long-term
effects on subsets of B cells could potentially increase
the susceptibility of these patients to develop a
more severe or organ-specific (renal) phenotype.
Accumulating evidence indicates that B cells exert
regulatory properties through production of IL-10 [24].
Hence, our recent observation of decreasing serum IL-
10 levels during BLM treatment [25] may be suggestive
of a regulatory B cell downregulation, collectively war-
ranting granular survey of BLM-mediated effects on the
B cell repertoire.

Another interesting finding was that concomitant use
of antimalarial agents along with BLM was implied to
be protective against the development of de novo LN or
LN relapse. Although no firm conclusions can be drawn
due to the relatively low number of patients and the
known non-adherence of patients to antimalarials, this
association is in line with the known beneficial effects
of antimalarials that include prevention of renal flares
[26] and is also of particular importance in light of a re-
cent report that showed that decreasing levels of IgG
and IgA anticardiolipin antibodies in BLM-treated
patients were solely observed among those receiving
antimalarials [27]. The mechanistic explanation for such
a synergy remains to be elucidated. SLE patients using
antimalarials have been shown to have lower BAFF lev-
els compared with non-users [28]; while BLM binds to
circulating BAFF, antimalarials are likely to hamper type
I IFN-mediated BAFF excretion, potentially contributing
to additive neutralization. Furthermore, antimalarials
also bind nucleic acids, impeding Toll-like receptor
activation and therefore innate immune responses,
and inhibit loading of antigen into MHC and antigen
presentation to T cells, both constituting further explan-
ations for the additional benefit in patients in whom B
cells are inhibited [29].

The observational design of our study constituted a
limitation, yet the cases represent real-life use of BLM
in our academic practices. The vast majority of study
participants were of Caucasian origin, reflecting the pa-
tient population in Sweden and the UK, and the
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findings cannot be directly extrapolated to other popu-
lations, in particular African/African American or Asian
patients. Another limitation was the relatively low num-
ber of patients who were enrolled and those who
developed de novo LN and LN relapse, limiting
the power in statistical analyses. Lastly, non-adherence
assessment for background therapies was not
performed.

Although firm conclusions cannot be drawn, our
observations imply that BLM may not be sufficient for
the prevention of LN and suggest close monitoring of
BLM-treated patients for signs of evolving renal disease.
Concomitant use of antimalarial agents may exert syner-
gistic effects along with BLM with regard to renal out-
comes, a finding that warrants corroboration in other
settings. Investigation of the long-term effects of BAFF
inhibition on B cell subsets with regulatory properties is
merited.

Acknowledgements

We thank Professor Elisabet Svenungsson for kindly
reviewing the manuscript.

Funding: This work was supported by grants from the
Alfred Osterlund’s Foundation, the Anna-Greta Crafoord
Foundation, the Greta and Johan Kock’s Foundation,
the Gustafsson Foundation, the King Gustaf V and
Queen Victoria’s Freemasons Foundation, the King
Gustaf V’s 80-year Anniversary Foundation, the
Professor Nanna Svartz Foundation, the Region
Ostergétland (ALF grants), the Selander Foundation, the
Skane University Hospital and the Medical Faculty of
Lund University, the Swedish Research Council, the
Swedish Rheumatism Association, and the Swedish
Society of Medicine (the Ingegerd Johansson donation).

Disclosure statement: |.P. has received research funding
from GlaxoSmithKline and Elli Lilly and Company, and
honoraria from Gilead Sciences, GlaxoSmithKline and
Novartis. E.M.V. has received honoraria and research
grant support from Roche, GlaxoSmithKline and
AstraZeneca. The other authors have declared no con-
flict of interest. The funders had no role in the design of
the study; in the analyses or interpretation of data; in
the writing of the manuscript; or in the decision to pub-
lish the results.

Data availability statement

The datasets used and analysed during the current
study are available from the corresponding author upon
reasonable request.

Supplementary data

Supplementary data are available at Rheumatology
online.

https://academic.oup.com/rheumatology

De novo lupus nephritis during treatment with belimumab

References

1 Lateef A, Petri M. Unmet medical needs in
systemic lupus erythematosus. Arthritis Res Ther 2012;
14:84.

2 Fanouriakis A, Kostopoulou M, Alunno A et al. 2019
update of the EULAR recommendations for the
management of systemic lupus erythematosus. Ann
Rheum Dis 2019;78:736-45.

3 Anders HJ, Saxena R, Zhao MH et al. Lupus nephritis.
Nat Rev Dis Primers 2020;6:7.

4 Parodis |, Stockfelt M, Sjowall C. B cell therapy in
systemic lupus erythematosus: from rationale to clinical
practice. Front Med (Lausanne) 2020;7:316.

5 Dooley MA, Houssiau F, Aranow C et al. Effect of
belimumab treatment on renal outcomes: results from
the phase 3 belimumab clinical trials in patients with
SLE. Lupus 2013;22:63-72.

6 Sciascia S, Radin M, Yazdany J et al. Efficacy of
belimumab on renal outcomes in patients with systemic
lupus erythematosus: a systematic review. Autoimmun
Rev 2017;16:287-983.

7 Sjowall C, Coster L. Belimumab may not prevent lupus
nephritis in serologically active patients with ongoing non-
renal disease activity. Scand J Rheumatol 2014;43:428-30.

8 Hui-Yuen JS, Reddy A, Taylor J et al. Safety and
efficacy of belimumab to treat systemic lupus
erythematosus in academic clinical practices.

J Rheumatol 2015;42:2288-95.

9 Staveri C, Karokis D, Liossis SC. New onset of lupus
nephritis in two patients with SLE shortly after initiation
of treatment with belimumab. Semin Arthritis Rheum
2017;46:788-90.

10 Anjo C, Mascaro JM Jr, Espinosa G, Cervera R.
Effectiveness and safety of belimumab in patients with
systemic lupus erythematosus in a real-world setting.
Scand J Rheumatol 2019;48:469-73.

Teng YKO, Bruce IN, Diamond B et al. Phase llI,
multicentre, randomised, double-blind, placebo-con-
trolled, 104-week study of subcutaneous belimumab
administered in combination with rituximab in adults with
systemic lupus erythematosus (SLE): BLISS-BELIEVE
study protocol. BMJ Open 2019;9:e025687.

12 Jones A, Muller P, Dore CJ et al. Belimumab after B cell
depletion therapy in patients with systemic lupus
erythematosus (BEAT Lupus) protocol: a prospective
multicentre, double-blind, randomised, placebo-
controlled, 52-week phase Il clinical trial. BMJ Open
2019;9:e032569.

13 Aranow C, Dall’Era M, Byron M et al. FRIO305 Phase 2
trial of induction therapy with anti-CD20 (rituximab) fol-
lowed by maintenance therapy with anti-baff (belimu-
mab) in patients with active lupus nephritis. Ann Rheum
Dis 2018;77:690.

14 Furie R, Rovin BH, Houssiau F et al. Two-year,
randomized, controlled trial of belimumab in lupus
nephritis. N Engl J Med 2020;383:1117-28.

15 Tan EM, Cohen AS, Fries JF et al. The 1982 revised
criteria for the classification of systemic lupus
erythematosus. Arthritis Rheum 1982;25:1271-7.

1

—_

4353


https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keaa796#supplementary-data

loannis Parodis et al.

16 Petri M, Orbai AM, Alarcon GS et al. Derivation and
validation of the Systemic Lupus International
Collaborating Clinics classification criteria for systemic
lupus erythematosus. Arthritis Rheum 2012;64:2677-86.

17 Weening JJ, D’Agati VD, Schwartz MM et al. The
classification of glomerulonephritis in systemic lupus
erythematosus revisited. J Am Soc Nephrol 2004;15:
241-50.

18 Gladman DD, Ibanez D, Urowitz MB. Systemic lupus
erythematosus disease activity index 2000. J Rheumatol
2002;29:288-91.

19 Gladman D, Ginzler E, Goldsmith C et al. The
development and initial validation of the Systemic Lupus
International Collaborating Clinics/American College of
Rheumatology damage index for systemic lupus
erythematosus. Arthritis Rheum 1996;39:363-9.

20 Vincent FB, Kandane-Rathnayake R, Hoi AY et al.
Urinary B-cell-activating factor of the tumour necrosis
factor family (BAFF) in systemic lupus erythematosus.
Lupus 2018;27:2029-40.

Parodis |, Zickert A, Sundelin B et al. Evaluation of B
lymphocyte stimulator and a proliferation inducing ligand
as candidate biomarkers in lupus nephritis based on
clinical and histopathological outcome following
induction therapy. Lupus Sci Med 2015;2:e000061.

22 Stohl W, Hiepe F, Latinis KM et al.; BLISS-52 and
BLISS-76 Study Groups. Belimumab reduces autoanti-
bodies, normalizes low complement levels, and reduces
select B cell populations in patients with systemic lupus
erythematosus. Arthritis Rheum 2012;64:2328-37.

2

jare

4354

23 Ramskold D, Parodis |, Lakshmikanth T et al. B cell
alterations during BAFF inhibition with belimumab in
SLE. EBioMedicine 2019;40:517-27.

24 Bouaziz JD, Yanaba K, Tedder TF. Regulatory B cells as
inhibitors of immune responses and inflammation.
Immunol Rev 2008;224:201-14.

25 Parodis |, Akerstrom E, Sjowall C et al. Autoantibody
and cytokine profiles during treatment with belimumab in
patients with systemic lupus erythematosus. Int J Mol
Sci 2020;21:3463.

26 Fanouriakis A, Kostopoulou M, Cheema K et al. 2019
update of the joint European League Against
Rheumatism and European Renal Association-European
Dialysis and Transplant Association (EULAR/ERA-EDTA)
recommendations for the management of lupus nephritis.
Ann Rheum Dis 2020;79:713-23.

27 Chatzidionysiou K, Samoli E, Sfikakis PP, Tektonidou
MG. Effect of belimumab treatment on antiphospholipid
antibody levels: post-hoc analysis based on two rando-
mised placebo-controlled trials in systemic lupus erythe-
matosus. Ann Rheum Dis 2020;79:304-7.

28 Hernandez-Breijo B, Gomez A, Soukka S, Johansson P,
Parodis I. Antimalarial agents diminish while
methotrexate, azathioprine and mycophenolic acid
increase BAFF levels in systemic lupus erythematosus.
Autoimmun Rev 2019;18:102372.

29 Schrezenmeier E, Dorner T. Mechanisms of action of
hydroxychloroquine and chloroquine: implications
for rheumatology. Nat Rev Rheumatol 2020;16:
155-66.

https://academic.oup.com/rheumatology



	tblfn1

