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Abstract

The objective of the study was to report the safety and potential therapeutic effect of belimumab in
monogenic systemic lupus erythematosus (SLE). Consecutive children with monogenic SLE treated
with belimumab were evaluated retrospectively. Response parameters assessment was completed at
the time of initiation of belimumab, at 6 months, and last follow-up visit. Response parameters com-
prised physician global assessment (physician GA) and parent global assessment (parent GA), global
disease activity as measured by SLE disease activity index (SLEDAI), and daily glucocorticoids dose. Un-
desirable events affecting patients during treatment were also collected. Six children with monogenic
SLE proved by genetic testing (five patients with C1q deficiency and one patient with deoxyribonu-
clease Il (DNase II) deficiency), failed glucocorticoids and sequential immunosuppressive medications.
Belimumab was added to glucocorticoids and current immunosuppressive medications. The main
indications for belimumab initiation were mucocutaneous disease, arthritis, and inability to taper glu-
cocorticoids. All patients tolerated belimumab infusion. No serious events were reported. However,
one patient was lost to follow-up and died because of sepsis. Compared to the baseline values, there
was an improvement in physician GA, parent GA, and SLEDAI, and a notable reduction in the need
of daily corticosteroids. However, there were no significant changes in the complement and ds-DNA
antibody levels. Belimumab can be considered as an adjunctive therapeutic option for patients with
refractory monogenic SLE. Further follow-up and more patients needed to confirm this finding and a
larger prospective study is required for more definitive conclusions.
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Introduction

Systemic lupus erythematosus (SLE) is a systemic autoimmune disease with clinical heterogeneity and
complex etiopathogenesis. The precise etiology of SLE remains incompletely defined. However, identifica-
tions of single-gene defects, including complement component C7q mutation have contributed in better
understanding of the clinical variability, and recognition of rare variants of childhood SLE (cSLE), known as
monogenic SLE (1-4). Typically, patients with monogenic SLE have early onset severe disease, especially
with mucocutaneous manifestations, and a strong family history of SLE (5-7). These findings suggested that
monogenic SLE represents a distinctive entity and might differ from the sporadic SLE. The clinical presen-
tation of monogenic SLE has a wide variety of manifestations and unpredictable course and may overlap
with other disorders such as monogenic interferonopathies (8, 9). Despite advances in understanding the
immune mechanisms involved in SLE pathogenesis, there is no effective therapy that can halt the disease
progression yet. Also, it is not unusual that while treating a patient, the physician considered off-label med-
ication as therapeutic options for refractory cases (10). Belimumab gained much attention in the treatment
of adult patients with SLE, particularly with arthritis and skin involvement. Recently, belimumab has been
approved for patients with cSLE aged 5 years and older. The available data in cSLE are still limited, and its
use in monogenic SLE is lacking (11-13).

Here, to the best of our knowledge, we report for the first time the therapeutic effect of belimumab in a
cohort of monogenic SLE.

Methods

It was a descriptive, retrospective cohort study of all children with monogenic SLE seen and treated
with belimumab at a single tertiary referral hospital between 2016 to 2020. All patients had genetical-
ly proven single-gene defect and met the Systemic Lupus International Collaborating Clinics criteria
(14). Data were collected from the hospital electronic medical records for demographic data, the age
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at onset, clinical and laboratory findings, and
history of previous and current medication
for SLE. Also, data were collected for the re-
sponse to therapeutic intervention by mea-
suring disease activity at the time of initiation
of belimumab, then at 6 months, and at the
last follow-up visit, using Systemic Lupus Er-
ythematosus Disease Activity Index (SLEDAI)
(15). Also, we considered the physician global
assessment (Physician GA), parent global as-
sessment (Parent GA) as measured on a visual
analog scale with arange from 0 to 10 (O=very
poor; 10=very well), and daily corticosteroid
dose requirement.

Ethical considerations

The data were part of a study conducted in
accordance with the Declaration of Helsin-
ki and approved by the Ethics committee of
the Research Affairs Council (RAC) at our in-
stitution (RAC approval no. 2191122). All the
data were collected from the routine medical
assessment. All data were collected anony-
mously, and the confidentiality of the patients
was protected. All data were exclusively used
for the present study. Informed consent for
genetic testing as part of patient care was ob-
tained from the parents at the time of blood
extraction.

Results

Six consecutive patients with- monogenic SLE
treated with belimumab were enrolled. Five
patients had Clqg deficiency, and one patient
had deoxyribonuclease Il (DNase Il) deficiency.
Belimumab was added after the failure of in-
tensive treatment using the standard therapy,
at the dose of 10 mg/kg every 2 weeks for 3
doses, then every 4 weeks. The main indica-
tions for belimumab initiation were refractory
mucocutaneous, arthritis, renal manifestations,
and inability to taper glucocorticoids. All pa-
tients tolerated belimumab infusion. Table 1
summarizes the clinical manifestations and
previous treatment.

e Monogenic systemic lupus erythemato-
sus (SLE) represents a distinctive entity
and might be different from the sporadic
SLE.

e Limited data exist regarding the treat-
ment of monogenic SLE.

e Our study demonstrates that belimum-
ab can be considered as an adjunctive
therapeutic option for patients with re-
fractory monogenic SLE.

Case Presentation

Case 1

A 10-year-old girl presented at the age of 2
years to the local hospital with extensive mu-
cocutaneous lesions, scarring diffuse alopecia,
and arthritis with a spastic gait. Also, she had
recurrent infections. At the age of 4 years, she
was referred to our pediatric rheumatology
service for further assessment. Complete blood
count revealed pancytopenia with white blood
cell count of 2.4x10° cells/L, platelet count of
94x10° cells/L with and elevated erythrocyte
sedimentation rate of 78 mm/h. Also, she had
antinuclear antibody (ANA) 1:1280 (<1:140),
and anti-double stranded DNA (ds-DNA) 646
IU/mL (0-200). At this point in time and based
on the early onset presentation and the con-
stellation of clinical and laboratory findings,
monogenic SLE was considered. Whole-exome
sequencing (WES) identified homozygous Ci1g
variant. She was treated with prednisone (1
mag/kg/day), hydroxychloroquine (5 mg/kg/
day), mycophenolate mofetil (MMF) (40 mg/
kg/day), and monthly intravenous immuno-
globulin (IVIG) infusion with poor response.
Therefore, she was offered different immuno-
suppressive medications, including two doses
of rituximab but with a partial improvement.
Then, belimumab was added to her treatment,
and she showed a remarkable improvement in
mucocutaneous manifestations and arthritis.
However, she lost her follow-up visits at our
hospital. We have been notified by her pedi-
atrician at the local hospital that she passed
away after developing a chest infection com-
plicated by a septic shock. Unfortunately, de-
tails about the intensive care unit course, and
isolated organisms were not available.

Case 2

An 8-year-old boy born to consanguineous
parents and presented at the age of 2 months
with mucocutaneous manifestations. Family
had two affected sisters, both died at a young
age with complications of refractory SLE. Lab-
oratory results revealed high inflammatory
markers and high ANA, ds-DNA antibodies, and
low C3 level. WES identified homozygous Clg
mutation. Despite aggressive management, he
continued to have an active disease for 7 years.
After the initiation of belimumab, he showed
improvement in disease activity measures and
daily corticosteroid requirement.

Case 3

A 21-year-old boy presented at the age of 4
years with hematological and mucocutaneous
manifestations associated with high ANA and
ds-DNA with undetected Ciq level. He was di-
agnosed as monogenic SLE based on the mo-
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lecular genetic findings. He was treated with
glucocorticoids, immunosuppressive medica-
tions and IVIG. He had a refectory disease course
and developed biopsy proven membranopro-
liferative glomerulonephritis. After belimumab
was initiated, proteinuria improved, allowing
for the discontinuation of glucocorticoids and
MMF. While he was on belimumab, he had stat-
ic nonnephrotic range proteinuria with normal
creatinine levels. However, few months after
MMEF cessation, serum creatinine levels and
proteinuria increased. Hence, MMF was reintro-
duced and serum creatinine levels and protein-
uria were significantly improved.

Case 4

An 8-year-old boy presented to the local hos-
pital at the age of 3 years with polyarthritis
and high ANA and ds-DNA. He was managed
as polyarticular juvenile arthritis with metho-
trexate and adalimumab. Interestingly, he had
a long-standing headache associated with
bilateral papilledema required acetazolamide
treatment. Brain magnetic resonance imag-
ing (MRI) showed white matter changes. Plain
radiography of both hands revealed noner-
osive arthritis. Based on the constellation of
clinical and laboratory finding, the diagnosis
of SLE was made. Furthermore, molecular ge-
netic findings identified homozygous DNase
/I 'variant. Belimumab was initiated, and at a
3-month follow-up visit, joint pain significantly
improved. However, he continued to have de-
formed joints. Also, headache and papilledema
resolved completely, and acetazolamide was
discontinued.

Cases 5and 6

Two siblings born to consanguineous parents.
The eldest one is a 9-year-old girl presented at
the age of 2 years with disfiguring facial lesions
and diffuse scarring alopecia. The other sib-
ling, a 5-year-old boy, had a discoid facial rash.
Lately, he developed spastic gait and brain MRI
showed basal ganglia calcification. Both were
failure to thrive and recurrent infections, mainly
localized skin infections and otitis media. Both
had high ANA and ds-DNA. However, serum
complement levels (C3 and C4) were within
the normal limit. WES identified homozygous
Clq variant. They had a refractory disease
course despite of intensive, sequential immu-
nosuppressive treatment. Since belimumab
initiation, there was no improvement in the
cutaneous manifestations.

Clinical assessment

None of the patients achieved remission but
there was improvement in response parame-
ters including SLEDAI, Physician GA, and Parent
GA, associated with reduction in daily gluco-
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Table 2. Summarized results of response to belimumab during follow-up period.

Case1 Case2 Case3 Case4 Case5 Caseb

SLEDAI

Baseline 19 7 9 14 4 2

6 months 9 2 4 2 - -

Last visit 7 2 0 2 1 6
Physician GA

Baseline 3 4 4 3 3 6

6 months 7 6 7 8 - -

Last visit 7 7 7 9 7 7
Parent GA

Baseline 2 5 4 3 4 5

6 months 6 7 4 9 - -

Last visit 6 7 8 9 7 7
Mean daily steroid dose mg/day*

Baseline 7.5 7.5 12.5 20 5 5

6 months 10 5 5 5 - -

Last visit 7 5 0 0 5 10
ds-DNA antibodies IU/mL (<200)

Baseline 646 453 63 1294 54.7 633.2

6 months - 478.3 83 - - -

Last visit - 485.1 344 947 22.8 175.2
C39g/L(0.9-1.8)

Baseline 1.6 0.4 1.2 0.6 1.3 1.3

6 months 1.8 0.4 1.4 0.6 - -

Last visit 1.9 0.4 1.1 0.7 1.5 1.5
C4g/L(0.1-0.4)

Baseline 0.3 0.0 0.4 0.1 0.3 0.2

6 months 0.3 0.0 0.2 0.1 - -

Last visit 0.4 0.0 0.3 0.1 0.4 0.2
Urine protein/creatinine ratio mg/mmol (<30)

Baseline 160.6 46.4 225 50 24 23

6 months 160.6 48.1 43.5 14.6 - -

Last visit 131.4 46.8 41.6 15.6 - -

*Prednisone equivalent.

SLEDAI: SLE Disease Activity Index; Physician GA: physician global assessment; Parent GA: parent global assessment; Anti-dsDNA:
anti-double-stranded DNA; C3: complement C3; C4: complement C4.

corticoids dose. Complement levels were static
and anti-ds-DNA showed a variable response.
All patients tolerated belimumab with no sig-
nificant adverse events. One patient was lost to

follow-up, and we have been notified by the

local hospital that she died because of sepsis.
Table 2 summarizes the results of response to
belimumab during follow-up period. Figure 1
shows the changes in the response parameters

during the treatment period.

Akbar et al. Belimumab in childhood lupus

Discussion

Monogenic SLE is a rare subtype of cSLE
caused by single-gene defects and character-
ized by early onset disease with a wide spec-
trum of clinical features and a strong family
history of SLE (2, 3, 6). Complement deficien-
cy, namely deficiency, is frequently associated
with Clg (16). However, depending on the
gene defect, an affected individual carries a
risk for development of SLE manifestations
and immunodeficiency status (17). Based on
the similarities in immunopathogenesis with
entities characterized by immune dysregula-
tion, monogenic SLE may overlap with primary
interferonopathies (9, 18, 19). Therefore, pa-
tients with monogenic SLE frequently develop
recurrent infections because of the disease
itself, underlying immune dysregulation and
the concurrent medication, including gluco-
corticoids and immunosuppressive agents.
The treatment of monogenic SLE represents
a challenge with limited nonspecific conven-
tional therapeutic agents, including glucocor-
ticoids and immunosuppressive medications
(10). There are some reports of a temporary
improvement of cutaneous lesions in C1g-defi-
cient SLE patients after using fresh frozen plas-
ma (FFP) infusion (20). However, it is difficult to
consider a regular FFP infusion as a standard
therapeutic option, especially with a short-
lived response. The effect of allogenic hema-
topoietic stem cell transplantation in C1g-defi-
cient SLE is promising. However, the procedure
carries a remarkable risk (21). Despite advances
in understanding the immunopathogenesis of
SLE and the notable development of a biolog-
ic treatment that has an encouraging impact
on the management of several autoimmune
diseases, still the implementation of the bio-
logic treatment in cSLE is limited; most of the
previous reports focused on the therapeutic
role of rituximab in lupus nephritis (22). Belim-
umab, a monoclonal humanized IgG antibody
that inhibits B-lymphocyte stimulator, causes a
decrease B cell number and regulates its func-
tion. It has shown favorable results in adults
with active SLE, particularly those with cutane-
ous disease and arthritis (23). Recently, belim-
umab became the first biologically approved
treatment for cSLE. The efficacy and safety of
belimumab in cSLE is generally consistent with
its profile in adult SLE (10, 11). Here, we report
for the first time the use of belimumab com-
bined with conventional treatment in patients
with refractory monogenic SLE (C1q deficien-
cy and DNase Il deficiency). Interestingly, four
patients treated with monoclonal anti-CD20
antibody had sequential B cell depleting thera-
py. Variable response measures were obtained.
Remarkable improvement in mucocutaneous
manifestations was observed in all patients af-
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Figure 1. Changes in response parameters over a period of 6 months after belimumab treat-

ment.

ter adding belimumab. Also, two patients with
arthritis showed a dramatic improvement,
and arthritis resolved completely. However; a
patient with DNase Il deficiency continued to
have deforming arthropathy without active sy-
novitis. Of note, a similar finding has been seen
in a previous report (9). Two patients discontin-
ued glucocorticoids, while the need for daily
glucocorticoids minimized in three patients
over at least 6-month follow-up interval. One
patient (case 6) had a disease flare and more
corticosteroid treatment, which was attributed
to medications incompliance. There was a sus-
tained improvement in SLEDAI in five patients,
as early as 3 months after belimumab initiation.
However, certain parameters did not improve,
such as anti-ds-DNA level (case 2). Among four
patients with lupus nephritis treated with a
combination of belimumab and MMF, two pa-
tients showed a notable reduction in the quan-
titative proteinuria. It is worth stating that this
combination might provide a better response
for nephritis as reflected by the degree of pro-
teinuria and creatinine levels as shown in case
3. Of note, this combination has been reported
in adult studies to induce remission in lupus
nephritis. Our observation is in line with the
improvement seen among patients sporadic
cSLE (12, 13). Belimumab was well tolerated,
with no significant adverse events. However,
one patient completed 11-month treatment,
she developed sepsis and died at the local
hospital. All other patients did not experience
any documented infection after the addition of
belimumab.

Considering the pathogenesis resemblance
with  monogenic interferonopathies, more
novel approaches comprising Janus-kinase
(JK) inhibitors such as baricitinib with interfer-
on-blocking activity may represent a therapeu-
tic option in monogenic SLE (8, 24). JK inhibitor

has not been used in our patients because it
was not available at our institution.

This study has limitations, it is an anecdotal ret-
rospective report of a small number of patients
with a short follow-up period; hence results
should be interpreted carefully. Nonetheless, it
goes with the success of previous reports. To
our knowledge, there are no previous reports
of using belimumab in monogenic lupus.
Therefore, belimumab can be considered as an
adjunctive therapeutic option for patients with
refractory monogenic SLE. Further follow-up
and more patients are needed to confirm this
finding and a larger prospective study is re-
quired for more definitive conclusions.
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