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BACKGROUND

Patients with systemic lupus erythematosus (SLE) have a greater risk of
infections compared with the general population and an increased
susceptibility to life-threatening infections. Patients with SLE are more
likely to die of infection than disease activity.

A dysregulated immune system and treatment with immunosuppressants
contribute to the increased risk of infection!

Lupus nephritis (LN) is a more severe form of SLE that affects the kidneys and
may require treatment with higher doses of glucocorticoids and more
aggressive immunosuppressants such as mycophenolate mofetil, which can
further exacerbate the risk of infections.?

OBJECTIVE

RESULTS

The power of knowledge.
The value of understanding.

The objective of this research was to perform meta-analyses (MAs) based on a
systematic literature review (SLR) to quantify the incidence rates (IRs) of serious
infections, fatal infections, herpes zoster (HZ), and tuberculosis (TB), as well as
the association between LN and serious infections, in patients with SLE.

The SLR identified 86 studies that assessed any infection outcomes, of which
12 studies either recruited too few patients (< 100) to report a stable IR or
reported outcomes in specific subgroups of patients that were not of interest
(i.e., patients on peritoneal dialysis, or perinatal women). Therefore, data were
extracted from 74 articles representing 73 studies in the SLR (Figure 1).

Among the 25 studies included in the SLR that reported data on the
outcomes of interest for the MAs, 22 studies were included in the MAs;
3 studies were excluded because they reported IRs of HZ*® and/or TB® in
patients with SLE without providing the raw data underlying the IRs, which
were mandatory inputs in the statistical package used for the MAs.

18 studies were included in MAs of the IR of 1 or more of the following
outcomes of interest in patients with SLE: serious infections (6 studies),”"
fatal infections (6 studies),39" HZ (6 studies),”2? and/or TB (3 studies).?"2324
Additionally, 5 studies were included in the MA of the OR of serious infections
in patients with LN compared with those with nonrenal SLE32528

Based on the quality assessments performed in the SLR, most studies
included in the MAs had a low risk of bias except 3 studies included in the
MA of the IR of HZ, of which 2 studies had a medium risk of bias™?? and

1 study had an unclear risk of bias.”

Figures 2-6 present the forest plots for the primary MA of each endpoint. For
each endpoint, Table 1 shows the results of the primary MA, describes the SAs
performed with corresponding results, and provides a rationale for each SA.

— Pooled estimates from the primary MAs for the IRs of serious infections,
fatal infections, HZ, and TB in patients with SLE were characterized by
high heterogeneity (I > 70%).

— Results of the SAs performed for the IRs of serious infections and HZ
suggested that differences in background immunosuppressant use and
geographic regions could not explain the high heterogeneity observed
in the corresponding primary MAs, respectively.

— Results of the SA performed for the IR of fatal infections suggested
that the sources of high heterogeneity observed in the primary MA
were 2 studies that recruited either patients with juvenile-onset SLE
only or a healthier population relative to other studies that informed the
endpoint; their exclusion reduced the /? to 0%. However, this SA should
be interpreted cautiously because it was informed by only 4 studies.

— Results of the SA performed for the IR of TB suggested that the high
heterogeneity observed in the primary MA was due to 1 study; its exclusion
reduced the P to 31.72%, though a plausible explanation for this could not
be identified based on an evaluation of the characteristics of this study
relative to other studies that informed the endpoint. This SA should also be
interpreted cautiously because it was informed by 2 studies only.

— The pooled estimate from the primary MA for the OR of serious infections
in patients with LN compared with patients with nonrenal SLE was
characterized by low heterogeneity (? = 23.77%). Results from the leave-
one-out SA validated the results of the primary MA, which suggested that
patients with LN have statistically significantly higher odds of developing
serious infections compared with patients with nonrenal SLE.

METHODS

An SLR (conducted in Embase, MEDLINE, and MEDLINE In-Process) identified observational
studies published between 1 January 2000 and 31 August 2020 that assessed the
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incidence or risk of any infections in patients with SLE, including those with LN.

2 researchers independently screened titles/abstracts followed by full texts against

predefined eligibility criteria; disagreements over study relevance were resolved through

consensus with a third researcher.

Data were extracted from eligible full texts by 1 researcher and reviewed for accuracy
against the source by an independent researcher. Quality assessments were performed

by 1 researcher using the Critical Appraisal Skills Programme checklists.

The metafor package in R was used for the MAs.? Primary analyses used random-effects

(RE) models to derive pooled estimates of the IRs of serious infections, fatal infections,
HZ, and TB in patients with SLE, as well as the unadjusted odds ratio (OR) of serious

infections in patients with LN compared with those with nonrenal SLE.

Between-study heterogeneity was assessed using Higgins /2. Sensitivity analyses (SAs)
using RE models were performed to validate the results through leave-one-out (LOO)
analyses when minimal heterogeneity was observed (I* < 40%) or to explore the sources
of moderate-to-high heterogeneity (I? > 40%) by excluding studies with potentially
heterogenous populations.

Figure 1. PRISMA Chart of Studies Included at Each Stage of the SLR
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for further studies of interest.

® Includes duplicates of studies identified in the database records.

Figure 2. Forest Plot of the Primary MA of the IR of Serious Infections in Patients With SLE
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Note: 7 data points from 6 studies were included. One study reported data separately for the first phase of drug use and the first phase of

no drug use among patients, corresponding to the data points labeled “Herrinton et al" Current Drug Use” and “Herrinton et al." Nonusers,”
respectively, in the analysis. These data were not combined because patients contributed to both phases and could have had an infection in
each—it is only the first infection experienced by a patient in a specified period that is of interest for an MA of IRs.

PY = person-year.

Figure 3. Forest Plot of the Primary MA of the IR of Fatal Infections in Patients With SLE
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Figure 4. Forest Plot of the Primary MA of the IR of HZ in Patients With SLE
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Note: Chen et al.,* Skare et al.,°> and Yun et al.® reported IRs without providing the raw data underlying the IRs, which were mandatory inputs
in the statistical package used for the MA. Therefore, their IRs are included in the forest plot for completeness, but these studies did not

contribute to the pooled estimates.

Figure 5. Forest Plot of the Primary MA of the IR of TB in Patients With SLE

Study Person-years IR/100 PY IR/100 PY 95% CI
] 1
Erdozain et al.? 1,603.00 |—+—+—— 019 [0.02-0.47]
— | H
Yun et al.24 1,89873 o 079 [0.43-1.25]
_ i
Hsu et al.2! 89,256.00 : 0.38 [0.34-0.42]
— [
Skare et al.? 100.00 i 0.05 [0.00-2.10]
— 1
1
(I
Random-effects model - 0.31 [0.08-0.65]
I I I 1
0 0.5 1 15 2

Heterogeneity: > = 74%, 12 = 0.0003, p < 0.02

IR of TB per 100 PY

Weight (RE)
28.2%
297%
421%

0.0%

100.0%

Note: Skare et al.° reported an IR without providing the raw data underlying the IR, which were mandatory inputs in the statistical package used
for the MA. Therefore, the IR from this study is included in the forest plot for completeness, but it did not contribute to the pooled estimate.

Figure 6. Forest Plot of the Primary MA of the OR of Serious Infections in Patients With SLE and LN
Compared With Patients With Nonrenal SLE
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Note: 6 data points from 5 studies were included. One study reported data separately for the first and second year of follow-up, corresponding

to the data points labeled “Gonzélez-Echavarri et al.?® 1Y” and “Gonzélez-Echavarri et al.?® 2Y,” respectively, in the analysis. These data were not
combined, in order to avoid double-counting patients (a patient could have had an infection in the first and second year of follow-up separately).
Therefore, LOO SAs performed for this endpoint that included both data points from the same study were informed by 5 data points from 4 studies.

Table 1. Primary and Sensitivity Analysis Performed for Each Endpoint

Endpoint Primary analysis SA result:
(no. of result: pooled . e pooled estimate .
data points estimate (95% Cl) ) C O (95% CI) and 1) TEHEIENE
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SLE (n=6) that recruited
either patients
with juvenile-
onset SLE only
or a healthier
population
relative to other
studies™"*®
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AM = antimalarial; Cl = confidence interval; IMSP = immunosuppressant.

@7 data points from 6 studies were included in this analysis (see footnote of Figure 2 for an explanation).

6 data points from 5 studies were included in this analysis (see footnote of Figure 6 for explanation).

¢5 data points from 4 studies were included in this analysis (see footnote of Figure 6 for explanation).

Incidence Rates of Infections and Association Between Lupus Nephritis and Serious Infections
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DISCUSSION

The pooled IRs from the primary MAs of serious infections, fatal infections, and
HZ in patients with SLE were higher than the IRs of these infections in the
general population or in suitable controls (i.e., patients without SLE) where
these were reported in our evidence base.*®"3822 Although the primary MAs
were characterized by high heterogeneity, these observations align with
published literature that suggests that patients with SLE have an increased
susceptibility to infections

No study in our evidence base reported the IR of TB in the general population or
in suitable controls (i.e., patients without SLE). However, a recently published MA
concluded that patients with SLE have a significantly higher risk of developing TB
than the general population or healthy controls, though there was high
heterogeneity in that MA.3?

Our finding that patients with LN have 2.48 times higher odds of developing
serious infections compared with patients with nonrenal SLE is aligned with the
results of a recently published MA, which suggested that renal involvement is a
significant risk factor for infections in patients with SLE, though there was high
heterogeneity in that MA.23

CONCLUSIONS

* Patients with LN have statistically significantly higher odds of developing
serious infections relative to patients with nonrenal SLE.

* Pooled estimates of the IRs of serious infections, fatal infections, HZ, and
TB in patients with SLE should be interpreted cautiously because high
heterogeneity was observed across these endpoints.
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