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Systemic lupus erythematosus (SLE) is a multisystemic autoimmune disease
that frequently affects the kidneys, known as lupus nephritis (LN). Such patients
are treated with antimalarials, corticosteroids or immunosuppressive drugs,
and more recently, target-specific biological drugs. Although efficacy of these
therapies improved SLE-related outcomes, SLE remains associated with higher
rates of infections. Here, we performed a comprehensive systemic review of
infectious complications in clinical trials covering drug interventions for SLE or
specifically for active LN. Our search in 15 online registries yielded a total of
1477 studies of which 14 matched our prespecified criteria. These covered the
biological drugs anifrolumab, belimumab, and rituximab that were tested in
patients with non-renal SLE and active LN.The available safety data from the
SLE trials indicated that infectious complications such as herpes zoster, upper
respiratory tract infection, nasopharyngitis, bronchitis, and urinary tract
infection in patients receiving placebo were quite prevalent especially in the
EXPLORER (rituximab) trial. Infections occurred mostly during the first year of
LN therapy. Serious adverse events and infectious complications occurred
more frequently in placebo-treated patients with active LN, especially in the
BLISS-LN (belimumab) and LUNAR (rituximab) trials. Anifrolumab and rituximab
increased the number of clinically relevant episodes of herpes zoster compared
to belimumab in patients with active LN. Anifrolumab displayed a similar trend
for influenza infections, which is consistent with the specific mechanisms-of-
action of anifrolumab; highlighting drug-specific effects on infectious
complications. In addition, standard-of-care therapy, e.g., MMF and
immunosuppressants, as well as a longer SLE duration may also affect the
incidence of serious adverse events and certain infectious complications in SLE
patients with active LN.Infectious complications are common in SLE but even
more common in patients with active LN, especially herpes zoster is strongly
associated with active LN and anifrolumab therapy (OR 2.8, 95% CI 1.18 to 6.66,
p = 0.018). Immunotherapy seems to impose unspecific and specific risks for
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infections. The latter may imply specific precautions such as preemptive
vaccination and individual risk-benefit assessments.
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chronic kidney disease (CKD), infection, herpes zoster, anifrolumab, belimumab,

rituximab, lupus

Introduction

Systemic lupus erythematosus (SLE) is a chronic
autoimmune disorder causing immune-mediated injuries in
the skin, the musculoskeletal system and in numerous solid
organs (1). The kidney involvement, referred to as lupus
nephritis (LN), is the most prevalent solid organ manifestation
and the presence of active LN is tightly associated with overall
morbidity and mortality in SLE patients (2, 3). The leading
causes of death or hospitalization include complications of active
SLE and infections (4); indeed, the differential diagnosis between
the two is not always easy (5). Numerous factors contribute to
the increased risk for infections, e.g. organ injury and failure, T
and B cell exhaustion or senescence, vaccination resistance, and
the use of immunosuppressive drugs to control SLE/LN activity
(6). Unselective drugs such as steroids impose an increased risk
for all kind of infections (7), while more selective
immunomodulators may increase the infectious risk for
specific pathogens. Indeed, there is a strong unmet medical
need to develop novel drugs potent to control SLE/LN activity at
a lower risk of infection. Whether active LN imposes a further
risk for infectious complications compared to SLE without active
LN is not entirely clear. On the one hand, the use of more intense
immunosuppressive drug regimen as well as LN-related chronic
kidney disease (CKD) should both imply a state of acquired (or
secondary) immunodeficiency (2, 8). On the other hand, a recent
multicentre retrospective cohort study of 87 patients with active
LN and 86 SLE patients without active LN found no increased
risk of serious infections requiring hospital admission within the
first 6 months following the index clinical visit (9). In order to
gain insight into this topic from prospective studies, we searched
and identified pairs of clinical trials with identical add-on
interventions with biological drugs for active LN as well as
SLE without active LN. The purpose of this analysis was to
identify the risk for infectious complications in active LN and
non-active LN SLE trials with standard-of-care versus innovative
combination therapies. We hypothesized that the rates of
infectious complications in patients with SLE and in particular
with active LN would be significant and that novel immune
modulators would further increase the risk for infections.
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Methods
Search strategy

We performed a systematic review of all lupus-related
randomized controlled trials (RCTs) that were registered either
at ClinicalTrials.gov, EU Clinical Trials Register, International
Standard Randomised Controlled Trial Number, German
Clinical Trials Register, Cuban Public Registry of Clinical
Trials, Chinese Clinical Trial Registry, Japan Primary
Registries Network, Clinical Trial Registry - India, Australian
New Zealand Clinical Trials Registry, Clinical Research
Information Service - Republic of Korea, The Netherlands
National Trial Register, Sri Lanka Clinical Trials Registry, Thai
Clinical Trials Register, Brazilian Clinical Trials Registry, Iranian
Registry of Clinical Trials, Pan African Clinical Trial Registry,
and Peruvian Clinical Trials Registry or approved by the Chinese
State Food and Drug Administration. The final search date was
the 10" of May 2022. The reporting of this systemic review
follows the Preferred Reporting Items for Systemic Review and
Meta-Analyses (PRISMA) statement (10).

Screening and eligibility criteria

We included all RCTs that were registered and completed
(phase II-IV), reached their primary endpoint, and were
published on targeted therapies for active SLE with our
without active LN. Three authors (L.E., J.A. and S.S.) searched
the databases and independently screened and reviewed the trial
results for patient demographics, baseline/disease characteristics
and infectious complications using the keyword “Lupus”.
Duplicates, non-pharmacological targeted therapies for SLE
with or without active LN based on the descriptions provided
in the registries, not randomized, active recruitment/not
completed, terminated, and phase I or unknown clinical status
trials, trials that recruited patients with SLE with and without
active LN, unknown patients clinical status, trial completed but
no results reported, drugs that were only tested in SLE with or
without active LN, primary endpoint was not reached, and
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standard application rout was not intravenous (i.v.) were
excluded from the analysis (Figure 1).

Inclusion criteria and analysis

We analyzed safety endpoints of trials that were tested in both
SLE without active LN as well as active LN and compared them
with patients receiving placebo or the biological drug. These safety
endpoints included prevalence and relative risk (RR) of patients
who experienced any adverse events, serious adverse events
and infection events including herpes zoster, upper respiratory
tract infection, nasopharyngitis, bronchitis, non-opportunistic
serious infection, urinary tract infection, and influenza. The
primary endpoint trial length of most included trials was 52
weeks apart from the MUSE trial (trial length 24 weeks) and
BLISS-LN trial (trial length 104 weeks), of which we analyzed the
safety endpoints. In addition, we compared age, sex, race, disease
duration, and background therapy between the trials. Data from
the SLE without active LN trials and the active LN trials (LUNAR
and CALIBRATE) were pooled for each biological drug. From the
CALIBRATE trial, we included only data from patients receiving
rituximab but not from patients receiving rituximab plus

1.477 trials retrieved
from clinical study databases

10.3389/fimmu.2022.999704

belimumab (combination therapy) (11, 12). Some SLE patients
with renal involvement (“2g/24 hours of proteinuria) but without
biopsy-proven kidney disease were included in the BLISS-52 and
BLISS-76 SLE trials that we considered as SLE without active LN
in our analysis because patients with biopsy-proven kidney disease
and severe proteinuria were excluded from these trials. In the
included active LN trials, all patients had biopsy-proven kidney
disease and severe proteinuria that we analyzed. Patient
demographics and baseline/characteristics of all included SLE
with and without active LN trials can be found in Tables 1-3
and Supplementary Tables 1, 3.

The relative risk (RR) of infectious complications in patients
receiving placebo versus the biological drug in the SLE with and
without active LN trials was calculated based on the prevalence
as follows (13). (a = prevalence of infectious events in the drug-
treated group; b = prevalence of non-infected events in the drug-
treated group; ¢ = prevalence of infectious events in the placebo
group; d = prevalence of non-infected events in the placebo
group). A RR of greater than 1 indicates that the probability of
an infectious complication is more likely to occur with biological
drugs compared with placebo in SLE patients with and without
active LN, while a RR of less than 1 indicates that the probability
of an infection is less likely to occur.

[ Identification |

)

136 trials
- Phase Il and Ill (n = 75)
- Phase lll and IV (n = 46)
- Phase IV (n = 15)

1.341 excluded trials

- Duplicates (n = 43)

- Non-pharmacological drugs (n = 427)

- Not randomized (n = 88)

- Active recruitment/not completed (n = 690)
- Terminated (n = 21)

- Phase | or unknown clinical phase (n = 72)

v

88 trials
- SLE without active LN (n = 48)
- Active LN (n = 40)

Screening and eligibility

48 excluded trials

- Recruitment of patients with SLE without and
with active LN (n = 40)

- Patients clinical status unknown (n = 5)

- Trial completed but no results reported (n = 3)

[

v

14 included trials
- Therapies that were tested in both
SLE without (n = 10) and with
active LN (n = 4) trials
(anifrolumab, belimumab, rituximab)

[ Included }

FIGURE 1

74 excluded trials
- Therapies that were only tested either in
SLE without (n = 38) or with active LN
(n = 33) trials
- Primary endpoint not reached (n = 1)
- SLE trials with s.c. belimumab therapy (n = 2)

Trial flow chart. The search identified 1.477 trials for lupus from clinical study databases. After excluding 1.463, 14 randomized control trials
(RCTs) were used for this systemic review and meta-analysis in which therapies (anifrolumab, belimumab and rituximab) were tested in both
patients with systemic lupus erythematosus (SLE, n = 10) without active lupus nephritis (LN) and with active LN (LN, n = 4) patients. S.c.,

subcutaneous
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TABLE 1 Patient demographics and baseline/disease characteristics from the TULIP1, TULIP2, MUSE and TULIP-LN clinical trials.

TULIP1, TULIP2 and MUSE (SLE without

TULIP-LN (active LN)

Placebo Anifrolumab 300mg Placebo  Anifrolumab
(n = 466) (n = 459) (n =49) (n = 96)
Patient demographics
Age, years Median (range) 40.7 + 12.1 41.8 (12.0) 32.0 (18, 58) 34.5 (18, 67)
Sex Female, n (%) 432 (92.7) 426 (92.8) 38 (77.6) 82 (85.4)
Weight Mean (SD), kg - - 65.6 (13.3) 65.4 (15.0)
BMI Mean (SD) - 245 (3.93) 25.1 (5.06)
>28 kg/m?, n (%) - 9 (18.4) 23 (24.0)
Race, n (%) White 284 (60.9) 270 (58.8) 24 (49.0) 42 (43.8)
Black/African 59 (12.7) 8 (1.7) 1(2.0) 6 (6.3)
American
Asian 48 (10.3) 44 (9.6) 10 (20.4) 18 (18.8)
Native Hawaiian/ 0 0 0 1 (1.0)
Pacific Islander
American Indian/ 2 (0.4) 8(1.7) 0 4(4.2)
Alaska Native
Other 65 (13.9) 64 (13.9) 14 (28.6) 25 (26.0)
Baseline disease characteristics
Time from initial SLE diagnosis to randomization, mean (range), 75.3 (4-503) 85.0 (0-555) - -
months
Time from initial LN diagnosis to randomization, mean (range), - - 37.0 6.8
months (0.7-328.3) (0.4-306.9)
Renal biopsy result at screening, n (%) Class III - - 6 (12.2) 17 (17.7)
Class III+IV - - 5(10.2) 11 (11.5)
Class IV - - 30 (61.2) 53 (55.2)
Class IV+V - - 8 (16.3) 15 (15.6)
24-hour UPCR, mg/mg Mean (SD) - - 3.71 (3.2) 3.10 (2.18)
>3.0, n (%) - - 23 (46.9) 36 (37.5)
eGFR* mL/min/1.73 m? Mean (SD) - - 87.3 (35.43) 97.1 (44.77)
260, n (%) - - 39 (79.6) 73 (76.0)
SLEDAI-2Kt score Mean (SD) - - 11.3 (4.38) 10.7 (4.83)
=10, n (%) 325 (69.7) 314 (68.4) 29 (59.2) 51 (53.1)
Non-renal SLEDAI-2Kt score Mean (SD) - - 4.7 (2.30) 4.7 (3.12)
IENGS status High, n (%) 376 (80.7) 373 (81.3) 46 (93.9) 91 (94.8)
Serology, n (%) ANA positive - - 49 (100) 90 (93.8)
Anti-dsDNA positive 181 (38.8) 191 (41.6) 39 (79.6) 76 (79.2)
3 179 (38.4) 109 (23.4) 42 (85.7) 57 (59.4)
C4 109 (23.4) 105 (22.9) 20 (40.8) 24 (25.0)
Baseline treatments
Oral glucocorticoids Yes, n (%) 303 (83.0) + 87 291 (80.8) + 79 48 (98.0) 94 (97.9)
Dosage, mean (86.1) (79.8) 21.9 (11.20) 22.6 (10.63)
(SD), mg/day 9.4 (8.2) + 11.14 (8.8) 9.5 (9.9) + 9.1 (7.3)
>20 mg/day, n (%) 33 (67.3) 67 (69.8)
MMEF (target dosage 2g/day by week 8)  Yes, n (%) 45 (12.3) + 10 54 (15.0) + 11 (11.1) 33 (67.3) 72 (75.0)
Dosage, mean (SD), g/day (9.9) - 1.77 (0.47) 1.81 (0.50)
Azathioprine N (%) 61 (16.7) + 19 (18.8) 62 (17.2) + 23 (23.2)
Methotrexate N (%) 72 (19.7) + 16 (15.8) 56 (15.6) + 19 (19.2)
(Continued)

Frontiers in Immunology

04

frontiersin.org


https://doi.org/10.3389/fimmu.2022.999704
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Steiger et al.

TABLE 1 Continued

TULIP1, TULIP2 and MUSE (SLE without

10.3389/fimmu.2022.999704

TULIP-LN (active LN)

active LN)
Placebo Anifrolumab 300mg Placebo  Anifrolumab
(n = 466) (n = 459) (n =49) (n = 96)
Immunosuppressants N (%) 176 (48.2) + 45 (46.6) 173 (48.1) + 51 (51.5)
Concomitant ACEI/ARB treatment, n (%) - - 33 (67.3) 63 (65.6)
Antimalarial, n (%) 266 (72.9) + 74 (73.3) 243 (67.5) + 76 (76.8) 35 (71.4) 57 (59.4)

State variables, constant parameters and model output are identified with the subscripts **, ¥, and ™ respectively.

_a/(a+b)

lati TR
Relative ¢/ (c+d)

risk  (RR)

The odds ratio (OR) of infectious complications in the SLE
with and without active LN trials was calculated based on the
prevalence (14). Specifically, we compared the OR between the
mean prevalence of infectious complications in patients
receiving biological drugs versus placebo in the SLE without
active LN trials as well as in the active LN trials. In addition, ORs
were calculated between the active LN and SLE trials in patients
receiving placebo or biological drugs. The ORs with the upper
and lower limit of the 95% confidence intervals (CIs) and
p values were determined using a multivariate logistic
regression analysis.

Results
Selection of relevant trial evidence

Our search identified a total of 1.477 RCTs of which 136
trials were considered and 1.341 trials excluded. The study
selection process and reasons for inclusion and exclusion are
shown in Figure 1. Of the 136 considered phase II-IV trials, we
excluded those that recruited patients with both SLE without and
with active LN, the trial was completed but no results reported,
or where the patients’ clinical status was unknown. The
remaining 88 trials were classified into SLE without active LN
(n = 48) and active LN (n = 40) trials of which 74 trials were
excluded because the targeted therapies were only tested in SLE
either with or without active LN trials but not in both. Other
exclusion criteria were the primary endpoint was not reported or
the standard drug application was not i.v., e.g. s.c. belimumab
(15). In our comparative analysis, we mainly focused on
innovative therapies that were tested in both SLE without (n =
10) as well as with active LN (n = 4) including anifrolumab
(inhibitor of the type I interferon-o. receptor 1, IFNoR1, dosage:
300 mg), belimumab (inhibitor of the cytokine B cell activating
factor, BAFF, dosage: 10 mg/kg, i.v.) and rituximab (blocks CD20
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on B cells for cell-mediated cytotoxicity, dosage: 1000 mg).
We then compared the prevalence, relative risk and odds ratios
of infectious complications in such trials with that of the
standard-of-care placebo arm.

The rates of adverse events and
infectious complications in SLE without
active LN

We first determined the prevalence and rates of infectious
complications in trials of SLE without active LN. Serious adverse
events occurred in 17.27% of patients receiving placebo in the
TULIP-1, TULIP-2 and MUSE trials (16), and 16.87% in the
BLISS-76, BLISS-52, LBSL02, Study 113750, BASE and
EMBRACE trials (17-22) (Figure 2A). However, 36.40% of
patients on standard-of-care (placebo) treatment experienced
serious adverse events in the EXPLORER trial (Figure 2A) (23).
Of the serious adverse events, infectious complications were
common in SLE patients without active LN that received placebo
(Figure 2B). For example, herpes zoster, upper respiratory tract
infection and urinary tract infection occurred in 1.3%, 9.7% and
13.5% of patients in the TULIP-1, TULIP-2 and MUSE trials
(16), 3.3%, 19.0% and 11.3% in the BLISS-76, BLISS-52, LBSL02,
Study 113750, BASE and EMBRACE trials (17-22), and 4.6%,
36.4% and 29.6% in the EXPLORER trial (23), respectively
(Figure 2B). Thus, the prevalence of serious adverse events and
infectious complications was quite heterogeneous across
different SLE trials. Especially respiratory and urinary tract
infections occurred more often in SLE patients of the
EXPLORER trial.

To better understand this heterogeneity, we had a closer look
to the patient characteristics and co-medications in these trials.
The majority of SLE patients receiving placebo were female with
92.7% in the TULIP-1, TULIP-2 and MUSE trials (16), 93.0% in
the BLISS-76, BLISS-52, LBSL02, Study 113750, BASE and
EMBRACE trials (17-20, 22), and 93.2% in the EXPLORER
trial (23), and were predominantly white (60.9%, 51.8%, 55.7%,
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TABLE 2 Patient demographics and baseline/disease characteristics from the LBSL02, BLISS-52, BLISS-76 and BLISS-LN clinical trials.

BLISS-52, BLISS-76, LBSL02, Study
113750, EMBRACE, BASE (SLE without
active LN)

BLISS-LN (active LN)

Placebo (n = Belimumab (n = Placebo (n = Belimumab (n =
3053) 3425) 223) 223)
Patient demographics
Age, years Mean (range) 384 +11.6 38.2 +10.8 33.1 +10.6 33.7 +10.7
Sex Female, n (%) 2839 (93.0) 3247 (94.8) 196 (88) 197 (88)
Race, (%) White/Caucasian (51.8) (50.1) 75 (34) 73 (33)
Black/African (11.0) (11.6) 31 (14) 30 (13)
American
Asian (17.8) (19.4) 109 (49) 114 (51)
Hispanic or Latino (32.4) (31.6) - -
American Indian/ (19.0) (18.7) 6 (3) 4(2)
Alaska Native
Others 0.4) (0.1) 2 (1) 2 (1)
Baseline disease characteristics
Disease duration SLE Mean + SD 63 +6.7 62 +68 3.3 (0.2-8.0) 3.3 (0.3-8.1)
years
Duration since LN diagnosis Mean + SD - - 0.2 (0.1-3.4) 0.2 (0.1-3.3)
years
Renal biopsy result at screening, n (%) Class III or IV - - 132 (59) 126 (56)
Class ITI+IV or IV - - 55 (25) 61 (27)
+V
Class V - - 36 (16) 36 (16)
24-hour UPCR, mg/mg Mean (SD) - - 35+36 32+27
>2 or 3, n (%) (6.0) (6.4) 92 (41) 91 (41)
eGFR*mL/min/1.73 m* 260, n (%) - - 182 (82) 190 (85)
290, n (%) - - 133 (60) 131 (59)
SELENA-SLEDALI score Mean (SD) 95+41 93 +38
SLEDAI-2K score Mean (SD) 122 +£ 4.8 12.5+53
BILAG A or BILAG B scores =1 or 2, n (%) (60.7) (59.6)
Serology ANA positive, n (84.0) (85.1) 197 (88) 194 (87)
(%)
Anti-dsDNA 169 (76) 173 (78)
positive
>30, n (%) (58.2) (56.9)
C3 <90, n (%) (41.0) (44.1) 133 (60) 134 (60)
C4 <10, n (%) (51.1) (55.0) 58 (26) 65 (29)
Baseline treatments
Prednisone use Mean dose (SD) 1135+ 94 112 +99
>7.5 mg/day at (66.7) (65.6)
baseline, (%)
Background immunosuppressive drugs, n  Azathioprine (14.1) (17.4)
(%) Methotrexate (113) (8.85)
MMF (21.9) (20.25) 164 (73.5) 164 (73.5)
Cyclophosphamide 59 (26.5) 59 (26.5)
Antimalarials (%) (73.9) (71.4) 154 (69) 166 (74)
ACEI or ARB (%) 150 (67) 147 (66)

ACEI, ACE inhibitors; ANA, antinuclear antibodies; anti-dsDNA, anti-double-stranded DNA; ARB, angiotensin receptor blockers; BILAG, British Isles Lupus Assessment Group; C3,
complement 3; C4, complement 4; eGFR, estimated glomerular filtration rate; SD, standard deviation; LN, lupus nephritis; MMF, mycophenolate mofetil; SLEDAI-2K, Systemic Lupus
Erythematosus Disease Activity Index 2000; UPCR, urine protein-creatinine ratio.

Frontiers in Immunology 06 frontiersin.org


https://doi.org/10.3389/fimmu.2022.999704
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Steiger et al.

10.3389/fimmu.2022.999704

TABLE 3 Patient demographics and baseline/disease characteristics from EXPLORER, LUNAR, and CALIBRATE clinical trials.

EXPLORER (SLE without LUNAR, CALIBRATE (active LN)
active LN)
Placebo Rituximab Placebo Rituximab
(n = 88) (n = 169) (n=72) (n=94)
Patient demographics
Age, years Median (range) 40.5 +12.8 402 £ 11.4 29.4+93 32.0 £9.6
Sex Female, n (%) (93.2) (89.9) 67 (93.1) 81 (86.2)
Race, (%) White 55.7 56.2 26 (36.1) 26 (27.7)
Black/African American 27.3 23.7 20 (27.8) 29 (30.8)
Asian/Pacific Islander 5.7 3.6 3(.2)
Hispanic 9.1 14.2 3(42) 14 (14.9)
Other 22 1.1 23 (31.9) 32 (34.0)
Baseline disease characteristics
Disease duration SLE Mean + SD years 87+76 85+72
Duration since LN diagnosis, months Mean + SD 288 +51.6 324 +48.0
Median (range) 5.4 (0.4-306) 7,95 (0.4-211)
History of LN - - 30 (41.7) 36 (50)
Renal biopsy result at screening, n (%) Class I11 - - 24 (33.3) 26 (27.7)
Class III+IV - - 8 (11.1) 25 (26.6)
Class IV - - 48 (66.7) 55 (58.5)
Class IV+V - - 15 (20.8) 19 (20.2)
24-hour UPCR, mg/mg Mean (SD) - - 42 +30 36+21
>3.0, n (%) - - 42 (58.3) 52 (55.3)
eGFR* mL/min/1.73 m? Mean (SD) - - 96.0 + 51.1 87.7 +34.9
260, n (%) - - 52 (72.2) 55 (76.4)
BILAG index global score Mean (SD) 145 £ 5.6 140 +5.1 153 £ 6.2 153 + 6.4
Serology ANA positive (%) - - 83.3 81.9
Anti-dsDNA positive - -
>30, n (%) - - 61 (84.7) 59 (81.9)
>75,1n (%) - - 46 (63.9) 46 (63.9)
C3 <90, n (%) - - 54 (75) 69 (73.4)
C4 <10, n (%) - - 31 (43.1) 38 (40.4)
Baseline treatments
Assigned prednisone dosage at screening, mg/kg/day 0.5, (%) 61.4 62.7
0.75, (%) 29.5 32.0
1.0, (%) 9.1 53
Background immunosuppressive drugs, (%) Azathioprine 36.4 32.0 - -
Methotrexate 27.3 27.8 - -
MMF 36.4 39.6 72 (100) - dosage 3mg/day 72 (100) -
dosage 3mg/day
Cyclophosphamide 22 (100) (CALIBRATE)

ANA, antinuclear antibodies; anti-dsDNA, anti-double-stranded DNA; C3, complement 3; C4, complement 4; eGFR, estimated glomerular filtration rate; SD, standard deviation; LN, lupus
nephritis; MMF, mycophenolate mofetil; SLE, systemic lupus erythematosus; BILAG, British Isles Lupus Assessment Group; UPCR, urine protein-creatinine ratio.

respectively), with a mean age of 40.7 + 12.1, 38.4 + 11.6, and
40.5 + 12.8 vyears, respectively (Tables 1-3). Black/African-
American patients comprised 12.7%, 11.0% and 27.3%, Asian
patients 10.3%, 17.8% and 5.7%, and Latino or Hispanic patients
were not specifically reported or comprised 32.4%, 9.1% of the
placebo group, respectively (Tables 1-3). Of note, 100% of SLE
patients had an Asian ancestry in the BASE trial (20), while
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Black African/American patients comprised 98% in the
EMBRACE trial (22). The mean duration of SLE varied
between the SLE trials in patients receiving placebo with 6.3
years in the TULIP-1, TULIP-2 and MUSE trials (16), and 6.3 +
6.7 years in the BLISS-76, BLISS-52, LBSL02, Study 113750,
BASE and EMBRACE trials (17-20, 22), while 8.7 + 7.6 years
were reported for the EXPLORER trial (23) (Tables 1-3).
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Infectious complications in standard-of-care placebo group in SLE without versus with active LN trials. (A) Percentage of serious adverse events
in patients receiving placebo in the systemic lupus erythematosus (SLE) without active LN trials that are reported in the anifrolumab (TULIP-1,
TULIP-2, MUSE), belimumab (BLISS-76, BLISS-52, LBSLO2, Study 113750, EMBRACE, BASE) and rituximab (EXPLORER) trials. (B) Prevalence of
herpes zoster, upper respiratory tract infection, nasopharyngitis, bronchitis, nonopportunistic serious infection, urinary tract infection, and
influenza in patients receiving placebo in the SLE without active LN trials as listed in (A). (C) Percentage of serious adverse events in patients
receiving placebo in the active lupus nephritis (LN) trials that are reported in the anifrolumab (TULIP-LN), belimumab (BLISS-LN) and rituximab
(LUNAR) trials. (D) Prevalence of herpes zoster, upper respiratory tract infection, nasopharyngitis, bronchitis, nonopportunistic serious infection,
urinary tract infection, and influenza in patients receiving placebo in the SLE without active LN trials as listed in (C). NR, not reported.

At baseline in the pooled TULIP-1, TULIP-2 and MUSE
trials data, 83.0% of patients in the placebo group received
glucocorticoids and 72.9% antimalarials with approximately
half of the patients also receiving immunosuppressants
(48.2%) including azathioprine, methotrexate, mycophenolate
mofetil (MMF) and mizoribine (Table 1) (16). While in the
pooled BLISS-52, BLISS-76, LBSL02, Study 113750, BASE and
EMBRACE trials data, only 66.7% of patients in the placebo
group received prednisone and 73.9% antimalarials with
approximately half of the patients also receiving
immunosuppressants including azathioprine (14.1%),
methotrexate (11.3%) and MMF (21.9%) (Table 2) (17-20,
22). However, in the EXPLORER trial data, 100.0% of patients
in the placebo group received prednisone at different dosages as
well as immunosuppressants including azathioprine (36.4%),
methotrexate (27.3%) and MMF (36.4%) (Table 3), while the

Frontiers in Immunology

08

use of antimalarials was not reported (23). Taken together, the
data from the SLE trials that included only patients without
active LN indicated that the infectious complications in patients
receiving placebo were altogether quite prevalent and higher in
the EXPLORER trial, possibly due to the longer SLE duration
and more intense use of immunosuppressants, namely
glucocorticoids, but patient’s characteristics including race also
differed between the SLE trials.

The rates of adverse events and
infectious complications in active
lupus nephritis

Data from the active LN trials reported serious adverse
events in 16.3% of patients receiving placebo in the TULIP-LN
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trial (24), 30.0% in the BLISS-LN trial (25) and 40.8% in the
LUNAR trial (26) (Figure 2C). When comparing the SLE trials
without versus with active LN, the prevalence of serious adverse
events in patients receiving placebo was similar between the
TULIP-1, TULIP-2 and MUSE trials (16) versus the TULIP-LN
trial (24) (16.7% versus 16.3%, respectively) (Figures 2A, C;
Supplementary Tables 2, 4). However, more serious adverse
events were noted in the BLISS-LN and LUNAR/CALIBRATE
trials (30.0% and 34.0%, respectively) compared with the
equivalent SLE trials (17.7% and 36.4%, respectively)
(Figures 2A, C; Supplementary Tables 2, 4).

Infectious complications including herpes zoster, upper
respiratory tract infection, nasopharyngitis, bronchitis, and
urinary tract infection were very common in patients with
active LN that received placebo (Figure 2D), only rates of
herpes zoster, bronchitis, and nasopharyngitis in patients with
active LN were higher compared to the respective infections in
SLE patients without active LN (Figure 2B).

To better understand the differences between SLE patients in
trials of active LN versus no active LN, we looked at patient
characteristics and co-medications in these trials. The majority
of active LN patients receiving placebo were female with 77.6%
in the TULIP-LN trial (24), 88.0% in the BLISS-LN trial (25),
and 86.2% in the LUNAR/CALIBRATE trial (12, 26) with a
mean age of 32.0, 33.1, and 32.0 = 9.3 years, respectively
(Tables 1-3). In the TULIP-LN and LUNAR/CALIBRATE

10.3389/fimmu.2022.999704

trials, the LN patients were predominantly White (49.0% and
27.5%, respectively) or of other ethnicity (28.6% and 34.0%,
respectively), while in the BLISS-LN trial, most LN patients were
Asian (49.9%) or White (34.0%) (Tables 1-3).

For example, the prevalence of herpes zoster and
nasopharyngitis increased in active LN patients receiving
placebo (TULIP-LN, BLISS-LN and LUNAR/CALIBRATE
trials) compared with the SLE trials without active LN
(Figures 3A, B). A similar trend in the TULIP-LN and BLISS-
LN trials was observed for upper respiratory tract infection and
bronchitis compared with the respective no active LN trials
(Figures 3C, D), while the prevalence of urinary tract infection
was more or less unaffected (Figure 3E). However, upper
respiratory tract infection, bronchitis and urinary tract
infection were in general very high in the EXPLORER trial
(23) but rather occurred less in the LUNAR/CALIBRATE trial
(12, 26) (Figures 3C-E). Important to mention is that apart from
the BLISS-LN trial (25) (trial length: 104 weeks) all other trials
had a trial length of 52 weeks, which unexpectedly did not
contribute to increased numbers of infectious complications
during the trial period (Figure 3). This finding suggests, that
infections mostly occur during the first year of therapy for
active LN.

In general, patients with active LN that received placebo
were approximately 5-10 years younger compared to SLE
patients without active LN (Tables 1-3), while the majority of
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patients were female in both SLE and active LN trials
(Tables 1-3). LN patients with White ethnicity comprised 49%
in the TULIP-LN trial (24), 34.0% in the BLISS-LN trial (25) and
27.5% in the LUNAR/CALIBRATE trial (12, 26) (Tables 1-3).
African-American LN patients comprised 2.0%, 14.0% and
27.8%, and Asian patients 20.4%, 49.0% and 0.0% of the
placebo group, respectively (Tables 1-3). We observed
differences in ethnicity of the enrolled patients between SLE
patients with and without active LN, for example the majority of
active LN patients were Asian in the BLISS-LN trial (49%), while
in the respective SLE without active LN trials only 17.8% were
Asian (Table 2). As mentioned above, the mean duration of SLE
varied between the SLE without active LN trials in patients
receiving placebo (Tables 1-3). Similarly, the mean time from
initial LN diagnosis to randomization as varied between the LN
trials (3.1 years in the TULIP-LN trial, 0.2 years in the BLISS-LN
trial, and 2.4 years in the LUNAR trial) (Tables 1-3). At baseline,
the majority of active LN patients receiving placebo had an eGFR
>60 mL/Min/1.73m? with 79.6% in the TULIP-LN trial, 82% in
the BLISS-LN trial and 72.2% in the LUNAR trial (Tables 1-3).

At baseline in the TULIP-LN trials data, 98.0% of patients in
the placebo group received oral glucocorticoids, 67.3% MMEF,
67.3% ACE inhibitors/angiotensin receptor blocker, and 71.4%
antimalarials (Table 1) (24). Similar data were reported for the
BLISS-LN trial, wherein all patients received background
immunosuppressive drugs (MMF: 73.5%), 69.0% antimalarials,
and 67.0% ACE inhibitors/angiotensin receptor blocker
(Table 2) (25). However, in the LUNAR trial 100.0% of
patients in the placebo group received only MMF but no
steroids and other immunosuppressive or antimalarial
drugs (Table 3) (26), which differed from the other trials.
Taken together, the data from the trials with or without
active LN indicated that serious adverse events and infectious
complications in patients receiving placebo were predominantly
higher in trials of active LN (BLISS-LN and LUNAR/
CALIBRATE trials) compared with the respective SLE trials
without active LN independent of the trial length. Of note,
serious adverse events and infectious complications occurred
more frequently in the EXPLORER and LUNAR trials (placebo
group) possibly due to the combination therapy with MMF and
the different patient characteristics between the trials.

The impact of biological drugs on the
rates of infectious complications in SLE

When comparing the targeted therapies with placebo in the
SLE trials without active LN, no differences in serious adverse
events were observed in patients receiving anifrolumab,
belimumab or rituximab versus the placebo group (Figure 4A).
However, the prevalence of herpes zoster (Figure 4A),
nasopharyngitis (Figure 4E), and bronchitis (Figure 4G)
increased in SLE patients receiving anifrolumab, belimumab or
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rituximab, while there was no trend towards increased infectious
complications for upper respiratory tract infection (Figure 4C),
urinary tract infection (Figure 4D), and influenza (Figure 4F)
between the targeted therapies and the placebo-treated patients.
In the trials on active LN, serious adverse events were slightly
higher in the anifrolumab-treated patients but occurred less in
patients receiving belimumab or rituximab compared with the
placebo group (Figure 4A). A consistent increase in the
prevalence of herpes zoster was observed in LN patients
receiving anifrolumab, belimumab or rituximab compared
with the placebo group (Figure 4B), whereas the occurrence of
other infectious complications varied depending on the targeted
therapy (Figures 4C-G). For example, belimumab increased the
prevalence of upper respiratory tract infection, urinary tract
infection and nasopharyngitis compared with the placebo group
in active LN patients but anifrolumab that of urinary tract
infection, bronchitis and influenza.

The group of SLE patients without active LN who received
anifrolumab and belimumab had less serious adverse events
compared with patients active LN in the respective trials
(Figure 4A), whereas in the LUNAR/CALIBRATE trial with
rituximab serious adverse events were lower as in the
EXPLORER trial (23, 26). Dependent on the targeted therapy,
the prevalence of infectious complications either increased,
decreased or remained the same between patients with active
SLE with or without active LN. For example, kidney disease
increased the prevalence of herpes zoster in LN patients
receiving anifrolumab, belimumab and rituximab compared
with SLE patients without active LN (Figure 4B). Similar
results were observed for urinary tract infection in the TULIP-
LN and BLISS-LN trials compared with the SLE trials
(Figure 4D), while rituximab rather decreased the prevalence
of most infectious complications in LN patients (LUNAR trial
with MMF background therapy and CALIBRATE trial with
cyclophosphamide background therapy) compared with SLE
patients (EXPLORER trial) despite the pronounced serious
adverse events (Figure 4C-G). This suggests that kidney
disease itself but also the type of biological drug specifically
affect the occurrence of serious adverse events and certain
infectious complications in active LN.

The relative risk of infectious
complications in SLE and lupus nephritis

When looking at the relative risk (RR) of infectious
complications in SLE with or without active LN patients
treated with the biological drugs, we noticed that SLE patients
without active LN receiving anifrolumab (TULIP-1, TULIP-2
and MUSE trials) had an increased risk for the occurrence of
herpes zoster (RR 4.69), upper respiratory tract infection (RR
1.6), nasopharyngitis (RR 1.73), and bronchitis (RR 2.28). These
increased risks compare with those in patients with active LN
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FIGURE 4

Comparison of infectious complications between targeted therapy and placebo group in SLE without versus with active LN trials.

(A) Comparison of serious adverse events in patients receiving the targeted therapy versus placebo in the systemic lupus erythematosus (SLE)
without active lupus nephritis (LN) trials that are reported in the anifrolumab (TULIP-1, TULIP-2, MUSE), belimumab (BLISS-76, BLISS-52, LBSLO2,
Study 113750, EMBRACE, BASE) and rituximab (EXPLORER) trials and in the active LN trials that are reported in the anifrolumab (TULIP-LN),
belimumab (BLISS-LN) and rituximab (LUNAR/CALIBRATE) trials. (B—G) Comparison of the prevalence of herpes zoster (B), upper respiratory
tract infection (C), urinary tract infection (D), nasopharynagitis (E), influenza (F), and bronchitis (G) in patients receiving the targeted therapy
versus placebo in the SLE without active LN trials and active LN trials as listed in (A).
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receiving anifrolumab (TULIP-LN trial), herpes zoster (RR
2.04), upper respiratory tract infection (RR 0.96),
nasopharyngitis (RR 0.85), and bronchitis (RR 0.94),
respectively (Figure 5A; Supplementary Table 5). However, the
risk for urinary tract infection (RR 1.64 versus 0.89) and
influenza (RR 4.15 versus 0.24) was higher in patients with
active LN compared with SLE patients without active LN
receiving anifrolumab (Figure 5A). The risk for most
infectious complications was similar between the SLE and
active LN belimumab trials apart from a higher RR for
bronchitis (RR 1.72 versus 0.95, respectively) in the SLE trials
compared with the BLISS-LN trial (Figure 5B; Supplementary
Table 5). In SLE patients without active LN receiving rituximab,
the risk for herpes zoster (RR 2.08), nasopharyngitis (RR 1.77)
and bronchitis (RR 1.21) was higher in the EXPLORER trial
compared with the respective active LN trials (Figure 5C;
Supplementary Table 5). This suggests that although the
prevalence of certain infectious complications is higher in
patients with active LN with biological drugs, the RR for
infectious complication such as herpes zoster, bronchitis, and
nasopharyngitis is higher in SLE patients without active LN
treated with biological drugs compared with SLE patients with
active LN.

Similar results were obtained when comparing the ORs of
infectious complications between patients receiving biological

10.3389/fimmu.2022.999704

drugs versus placebo in the SLE without active LN trials as well
as active LN trials (Supplementary Table 6), suggesting that
certain infectious complications occur more frequently in
patients with SLE without active LN receiving biological
drugs compared with active LN patients. For example, the
occurrence of herpes zoster is strongly associated with active
LN in patients receiving anifrolumab (OR 2.8, 95% CI 1.18 to
6.66, p = 0.018), while statistical significant differences in the
ORs of other infectious complications were not observed in
other SLE with and without active LN trials (Supplementary
Table 6). In addition, we noted a significant increased
occurrence of upper respiratory tract infection in active LN
patients receiving either placebo (OR 2.1, 95% CI 1.1 to 4.03,
p=0.02) or belimumab (OR 2.61, 95% CI 1.36 to 5.02, p=0.005)
but not in those trials on anifrolumab and rituximab therapy
(Supplementary Table 6).

Discussion

We had hypothesized that patients with SLE and in
particular with active LN would experience significant
numbers of infectious complications and that novel immune
modulators would further increase the risk for infections. Our
analysis supports this assumption and indicates that precaution

A B C
Influenza © B ‘ A *
Urinary tract infection— * - ‘ - b4
Nonopportunistic serious infection | < B H A
Bronchitis ¢ B ‘ - *
Nasopharyngitis | * B ’ - ¢
Upper respiratory tract infection— 4 — ’ B ¢
Herpes zoster C B ‘ B *—
T T T T T LIS R T T
2101234567 2 -1 0 1 2 3 4 2 -1 0 1 2 3 4
< > « - > «— —
lower with higher with lower with  higher with lower with  higher with
drugs drugs drugs drugs drugs drugs
Relative risk Relative risk Relative risk
TULIP-1, TULIP-2, MUSE BLISS-76, BLISS-52, LBSL02, EXPLORER

@ TULIP-LN

FIGURE 5

Study 113750, EMBRACE, BASE @ LUNAR, CALIBRATE

€ BLISS-LN

Relative risk of infectious complications in SLE without versus with active LN trials. (A—C) Relative risk (RR) of infectious complications including
herpes zoster, upper respiratory tract infection, nasopharyngitis, bronchitis, honopportunistic infection, urinary tract infection, and influenza was
calculated for the SLE with and without active LN trials based on the prevalence of infections for anifrolumab (A), belimumab (B), and rituximab
(C) as described in the methods. A RR of greater than 1 indicates that the risk of infectious complications is higher with biological drugs
compared with placebo in SLE without and with active LN patients, while a RR of less than 1 indicates a lower risk. Data are presented as mean

of RR + standard deviation (SD).

Frontiers in Immunology

12

frontiersin.org


https://doi.org/10.3389/fimmu.2022.999704
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Steiger et al.

is necessary at all levels to limit the prevalence and risk of
infections in this vulnerable population.

In patients with active LN versus SLE without active LN,
serious adverse events and infectious complications occurred
mostly at similar rates with few exceptions: The BLISS-LN trial
(25) reported up to 50% higher rates of severe adverse events and
infectious complications compared to the respective SLE
(without active LN) trials (17-22). This might relate to the
longer study duration of the BLISS-LN trial, which lasted 2 years,
while the respective SLE (without active LN) trials reported such
events only over a period of 12 months. The TULIP-LN trial (24)
reported much higher rates of bronchitis, nasopharyngitis, upper
respiratory tract infections, and herpes zoster compared to the
TULIP-1/2 and MUSE trials (16). For the LUNAR trial (26), this
applied only for herpes zoster and nasopharyngitis but not for
any of the other infections, which would argue against a general
effect for active LN or its related background therapy. Indeed, all
patients in the LUNAR trial received MMF as background
therapy (26), while in the EXPLORER trial the majority of SLE
patients received exceptionally high doses of oral steroids (23).
However, apart from herpes zoster, infection rates did not differ
between LUNAR and the corresponding EXPLORER trial in SLE
patients without activate LN (23, 26). Of note, although kidney
disease and the type of biological drugs increased the prevalence
of certain infectious complications in active LN patients, the
relative risk as well as the ORs for certain infections such as
herpes zoster, nasopharyngitis, and bronchitis seemed to be
higher in SLE patients without active LN depending on the
targeted therapy. The occurrence of herpes zoster was strongly
associated with active LN in patients receiving anifrolumab
compared with placebo in the TULIP-LN trial (OR 2.8, 95%
CI 1.18 to 6.66, p = 0.018), while statistical significant differences
were not observed in other infectious complications in the SLE
with and without active LN trials. Several reports indicate a
higher risk of herpes zoster with rituximab also in other diseases
(27-31), while no data are yet available for herpes zoster rates
with belimumab and anifrolumab in other disease contexts. In
addition, an increased incidence of upper respiratory tract
infection seemed to be associated with kidney disease
independent of whether patients with active LN received
placebo or belimumab therapy, which was not the case for
other infectious complications or biological drugs.

The presence of kidney disease is a risk factor for poor
outcomes of severe infections such as COVID-19 (32-36), and
infections are the second common cause of death in patients
with CKD (37-39). This has been attributed to secondary
immunodeficiency (SIDKD) to which many of the
consequences of kidney disease contribute (8). However,
SIDKD mostly relates to patients with CKD stage G3 or more
(eGFR<60 ml/min/1,73m?) (38, 40-42), while the majority of
participants in the active LN trials had well-preserved excretory
kidney function with an eGFR higher than 60 ml/min/1,73m’.
Finally, the presence of nephrotic syndrome imposes a particular
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risk for infectious complications due to urinary loss of
immunoglobulins (43, 44). The presence or absence of
nephrotic syndrome was not reported but approximately half
of the participants in all active LN trials had an UPCR of 3 or
more, consistent with heavy proteinuria. Whether those
individuals with infectious complications in these trials had a
lower eGFR or more urinary loss of immunoglobulin than those
without infections could not be retrieved from the publically
available data reports.

In regards to the drug-specific effects on infectious
complications, our analysis for rituximab, belimumab, and
anifrolumab revealed a clinically relevant increase of episodes
of herpes zoster with anifrolumab and rituximab compared to
belimumab. Anifrolumab revealed a similar trend for influenza
infections, which is consistent with the specific mechanisms-
of-action of anifrolumab (45). Anifrolumab induces the
internalization of IFNoaR1 to reduce the formation of the
IFN signaling complex and inhibits type I IFN binding to
IFNoR1, the key signaling receptor for the type 1 interferons
that coordinate the induction of numerous factors essential in
antiviral immune defense (45, 46). Indeed, the involvement of
numerous elements of antiviral host defense in the
pathophysiology of SLE has been referred to as “pseudo-
antiviral immunity” (47). Therefore, it comes as no surprise
that therapeutic targeting of the type I interferon system comes
at the cost of higher rates of viral infections such as influenza
and herpes zoster. Higher rates of SARS-CoV-2 infections or
more severe COVID-19 have not yet been reported with
anifrolumab, despite inborn or acquired defects in IFN I
signaling have been reported in severe COVID-19 (48, 49).
Vaccination against varicella zoster, influenza, and possibly
SARS-COV-2, may help to address this specific risk profile
of anifrolumab.

Limitations of this analysis include numerous confounding
factors between study populations that could not be clarified
from the publically available data sets. Attempts to correct for
such confounders as being performed by indirect treatment
comparison analyses may not be more reliable (50), therefore,
we avoided strong statements when comparing single trials as
much as possible. Another limitation of our analysis is that some
SLE patients that were included in the BLISS-52 and BLISS-76
trial had a renal involvement with less than 2 g/24 hours
proteinuria but displayed no biopsy-proven kidney disease.
However, we considered such patients as SLE without active
LN and included the reported safety endpoints into our
analysis accordingly.

Together, infectious complications are common in patients
with SLE with and without active LN. Despite secondary
immunodeficiency is a well-known phenomenon in advanced
CKD, the majority of patients with active LN included in the
respective clinical trials has no higher risk of infections in
general as compared to patients with SLE without active LN.
However, the incidence of herpes zoster was strongly associated
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Box 1 — Risk factors for infectious complications in SLE patients
Longer SLE duration (can imply immune exhaustion)
Nephrotic syndrome-related hypogammaglobulinemia
Drug-related secondary immunodeficiency, especially glucocorticoids

Secondary immunodeficiency due to CKD (eGFR <60 ml/min/1.73m?)
Older age (immune senescence)

N Uk wo

with active LN in patients receiving anifrolumab. Other
individual risk constellations may also apply (Box 1).
Preventing infectious complications are an important
treatment goal in patients with SLE with or without active LN.
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