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This study characterized the risk and characteristics of tumor necrosis factor-o (TNF-«) inhibitors-
induced systemic lupus erythematosus (SLE) in a mass medication population based on the FAERS
database. Using the Standardized MedDRA Query (SMQ), adverse drug reaction (ADR) reports related
to SLE of infliximab, adalimumab, etanercept, golimumab, and certolizumab pegol were collected
from the FAERS database starting from the data retrieval quarter up to the fourth quarter of 2023.
Signal detection was performed using the Reporting Odds Ratio (ROR) method and the Bayesian
Confidence Interval Propagation Neural Network (BCPNN) method to comprehensively explore

the risks. Subgroup analyses were conducted for different genders and age groups to provide a
detailed insight into the risks. A total of 12,080 reports of TNF-a inhibitors-induced SLE have been
collected, with over 90% of the reports showing serious outcomes, including life-threatening, death
and others. Notably, deaths were prominently associated with certolizumab pegol and etanercept.
Regarding time to onset, the median time to onset after drug use was over 7 months for infliximab,
adalimumab, and etanercept, while for golimumab and certolizumab pegol, the median time to
onset was around 2 months post-treatment. At the SMQ level, all five TNF-a inhibitors showed
statistically significant signals in the overall population, with the strength of association ranked

as infliximab > adalimumab > certolizumab pegol > golimumab > etanercept. In terms of PT level,
apart from signals related to lupus-like syndrome, systemic lupus erythematosus, and systemic
lupus erythematosus rash, notable findings include the higher signal intensity of SLE arthritis in the
subgroup of male with adalimumab, lupus nephritis risk associated with etanercept in the children
(0-14 years) subgroup, and rare and severe occurrences of pericarditis lupus and lupus pleurisy
induced by infliximab. This study utilized large-scale real-world data to reveal varying degrees of SLE
associated with five TNF-a inhibitors and characterized specific risk signals of concern across gender
and age subgroups. This suggests that different TNF-a inhibitors should be continuously monitored
for SLE-induced complications in clinical practice, and that appropriate drug management should be
carried out for different patients. Further research is necessary to validate our findings.
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Tumor necrosis factor-alpha (TNF-a), a pleiotropic pro-inflammatory cytokine, is involved in the pathophysiology
of various autoimmune diseases!. In normal immune responses, TNF-a activates the immune system for immune
regulation; however, excessive or aberrant release of TNF-a may trigger autoimmune diseases?.

Currently, tumor necrosis factor-alpha inhibitors used in clinical practice include infliximab (INF),
adalimumab (ADA), etanercept (ETN), golimumab (GOL), and certolizumab pegol (CZB), which are primarily
used for rheumatoid arthritis (RA), ankylosing spondylitis (AS), inflammatory bowel disease (IBD), psoriasis

(PsO), and other autoimmune diseases in clinical treatment?.
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Due to the fact that the immune system of the body is in a relatively stable and coordinated state at multiple
levels, including holistic, cellular, and molecular levels, treatment with TNF-a inhibitors and other biologics
may lead to new immune system dysregulation and adverse drug reactions (ADRs). Common ADRs with
TNF-a inhibitors include acute infusion reactions, infections, malignant tumors, and autoimmune reactions®.
The association between TNF-a inhibitors and systemic lupus erythematosus (SLE) has been confirmed by the
disappearance of symptoms after discontinuation of the relevant drug. According to case data from the BIOGEAS
registry®, anti-TNF-a induced lupus erythematosus (ATIL) and lupus-like syndrome were the most common in
a registry of autoimmune diseases associated with TNF-a inhibitors, and their occurrence is often accompanied
by positive anti-nuclear antibody (ANA) and anti-double stranded DNA antibody (anti-dsDNA)®’.

A clinical trial for rheumatoid arthritis found that when infliximab caused SLE, rash symptoms no longer
appeared after switching to etanercept, indicating that the induction of ANA and anti-dsDNA by TNF-a
inhibitors is attributed to drug-specific characteristics rather than a class effect®. Studies have also reported
death cases of etanercept-induced lupus nephritis®, emphasizing the need to consider the risk and safety profiles
of inducing SLE during treatment with different TNF-a inhibitors. Although there have been studies using
the VigiBase database to identify suspected drugs associated with drug-induced systemic lupus (DIL), such as
infliximab and adalimumab'?, there has been no investigation into the specific association between different
TNF-a inhibitors and SLE. Furthermore, the limited number of case reports from the literature can only provide
some epidemiological evidence and cannot yet al.low for a cross-comparison of risks between different drugs.

Data mining is an important method for the detection of ADR signals in pharmacovigilance studies, and
in addition to being used for the early detection of safety signals for new drugs, it is also of great value in
the continuous safety monitoring of older drugs''. The FDA Adverse Event Reporting System (FAERS) is the
primary source of information used by the FDA for post-marketing safety monitoring and evaluation of drugs,
and collects reports from healthcare professionals, consumers, and drug manufacturers worldwide, which
can provide insights into real-world ADR occurrences to a certain extent'2. Therefore, this study conducted
a disproportionality pharmacovigilance retrospective study based on the FAERS database to characterize the
risks of SLE occurrence induced by different TNF-a inhibitors in a mass population, and subgroup analyses
by age and gender were performed to fully understand the risk of SLE induced by TNF-a inhibitors in patient
populations with different characteristics.

Materials and methods

Data source

In this study, 80 quarters of data were collected from the FAERS database from Q1 2004 to Q4 2023, of
which infliximab, adalimumab and etanercept were analyzed from Q1 2004 to Q4 2023, and golimumab and
certolizumab pegol were analyzed according to the corresponding data from the quarter of the U.S. market
launch (i.e., the data retrieval start quarter) to Q4 2023, respectively. Each quarter’s ASCII data contained
seven sub-files: describing patient demographics and management information (DEMO), adverse event coding
(REAC), drug information (DRUG), patient outcomes (OUTC), reporting sources (PRSR), date of initiation and
termination (THER), and diagnoses and indications for drug use (INDI).

Data cleaning

This study imported downloaded ASCII data into SAS 9.4 (Statistics Analysis System Institute Inc.) and
performed data cleaning according to the data deduplication rules and the list of reports to be deleted provided
in the FDA official instruction document'>. Firstly, the study linked report information using the unique patient
identifier PRIMARYID, selected PRIMARYID, CASEID, and FDA_DT fields from the DEMO table, sorted
based on CASEID, FDA_DT, and PRIMARYID, and retained the report with the highest FDA_DT value for
reports with the same CASEID; for reports with the same CASEID and FDA_DT, the report with the highest
PRIMARYID value was retained. Subsequently, starting in the first quarter of 2019, each quarterly data package
contained a list of reports to be deleted. After data deduplication, reports with CASEID listed in the deletion
report list were excluded. Reports with missing or low-quality key information such as gender, age, drug, and
adverse reaction, as well as those with illogical reporting time sequences, were also removed from the raw data.

Data standardization

For the age, six age units exist in the FDA (DEC - decades, YR - years, MON - months, WK - weeks, DY -
days, HR - hours), and uniform standardization of age units was performed to allow for subsequent population
grouping.

For the adverse drug reaction, ADR names were standardized using the Preferred Term (PT) from the
Medical Dictionary for Regulatory Activities (MedDRA") version 26.1, and mapped to the System Organ Class
(SOC) level to ensure term consistency.

For time to onset, it was determined by the time interval between EVENT_DT (date of Systemic Lupus
Erythematosus ADR) and START_DT (date of initiation of treatment with TNF-a inhibitors) in the THER
subfile!* and excluded date inaccuracies, missing dates, and reports in which the start date of drug therapy was
after the date of the adverse reaction.

Report query

Selection of drug

eneric and brand names were used to identify adverse drug cases involving TNF-a inhibitors (infliximab,
etanercept, adalimumab, certolizumab pegol, or golimumab) (Table 1). TNF-a inhibitors with a reported role
coded as “primary suspect” (PS) were evaluated in the primary analysis'®. Essential information from each

Scientific Reports |

(2025) 15:6838 | https://doi.org/10.1038/s41598-025-90566-3 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Generic Name Brand Name | Data retrieval start quarter
Infliximab Remicade 2004 Q1
Adalimumab Humira 2004 Q1
Etanercept Enbrel 2004 Q1
Golimumab Simponi Aria | 2009 Q2
Certolizumab pegol | Cimzia 2008 Q2

Table 1. Generic names, Brand names, and Data retrieval start quarter for five TNF-a inhibitors.

The term of PT Code The term of PT Code

Lupus cystitis 10,074,714 | Lupus pancreatitis 10,067,750
Lupus pleurisy 10,073,694 | Lupus vasculitis 10,058,143
Acute cutaneous lupus erythematosus | 10,057,928 | Lupus-like syndrome 10,050,551
Antinuclear antibody positive 10,060,055 | Chronic cutaneous lupus erythematosus 10,057,929
Antinuclear antibody increased 10,064,726 | Cutaneous lupus erythematosus 10,056,509
Lupus myositis 10,079,642 | Neuropsychiatric lupus 10,063,663
Lupus encephalitis 10,025,130 | Systemic lupus erythematosus 10,042,945
Lupus nephritis 10,025,140 | Systemic lupus erythematosus disease activity index decreased | 10,067,658
Lupus myocarditis 10,066,391 | Systemic lupus erythematosus disease activity index abnormal | 10,067,659
Lupus enteritis 10,067,738 | Systemic lupus erythematosus disease activity index increased | 10,067,657
Lupus pneumonitis 10,057,481 | Systemic lupus erythematosus rash 10,042,946
Peritonitis lupus 10,062,898 | SLE arthritis 10,040,968
Lupus hepatitis 10,067,737 | Neonatal lupus erythematosus 10,057,887
Pericarditis lupus 10,058,149 | Subacute cutaneous lupus erythematosus 10,057,903
Lupus endocarditis 10,058,225 | Central nervous system lupus 10,076,328

Table 2. The PT term and code included in the narrow term of Systemic Lupus Erythematosus.

Target ADR | Other ADRs | Total
Target drugs | A B A+B
Other drugs | C D C+D
Total A+C B+D n=A+B+C+D

Table 3. Two-by two contingency table for measure of disproportionality.

report was extracted and analyzed, including demographic data (age and sex), administrative information (type
of reporter), and ADR data (time to onset and outcome).

Definition of adverse drug reactions
All ADR in FAERS are coded using the PT from the MedDRA, and specific PTs are associated with high-level
terms (HLTs), high-level group terms (HLGTS), and system organ classes (SOCs). Additionally, Standardized
MedDRA Queries (SMQ) are used, which are widely accepted datasets of PTs related to specific diseases, with
narrow terms and broad terms distinguished!”.

To enhance the specificity of the data, this study used a narrow search approach with the standard SMQ from
MedDRA 26.1, searching for SMQ code 20,000,045, with the term set defined as systemic lupus erythematosus,
containing 30 PTs (Table 2).

Disproportionality analysis

The basic concept of disproportionality analysis is that a signal is considered to be generated if the combined
frequency of drug-specific events in the database is significantly higher than the background frequency of the
entire database and exceeds the corresponding threshold. It calculates indicators to determine a safety signal
based on counts of the target drug, other drugs, target ADRs, and other ADRs, as shown in the following 2 x 2
columnar table (Table 3).

This study uses the reporting odds ratio method (ROR) in the Frequency counting method and the Bayesian
confidence interval propagation neural network method (BCPNN) in the Bayesian method for signal mining.
The ROR method is based on the classical four-cell table, which can eliminate a large number of biases and
has high sensitivity, while the BCPNN method combines Bayesian logic and neural network structure, which
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provides more stable results and higher specificity. The combination of the two methods can reduce the result
bias caused by using a single algorithm and reduce the false positive rate's!”.

Therefore, a positive signal detected by both methods simultaneously was judged as suspicious in this study
(Table 4), suggesting that the association between the drug and the target ADR was statistically significant, and
that the stronger the signal intensity, the stronger the statistical association between the two'®1% and in view of
the excellent performance of the ROR method in terms of sensitivity and early detection ability of the signals®,
the results were visualized by using the ROR values and their 95% CIs to plot the correlation graphs for result
visualization.

To examine the impact of age and gender on the ADR of TNF-a inhibitors causing systemic lupus
erythematosus, subgroup analyses were conducted for age and gender. Age groups were divided into Children
(0-14 years), Young adults (15-24 years), Adults (25-65 years), and Elderly (> 66 years)*!; gender groups were
male and female. ADR report records for the corresponding populations were extracted for analysis.

Data statistical analysis and graph plotting were performed using Microsoft Office Excel 2020, Origin 2024,
and GraphPad Prism 9.5.0 tools.

Results

Descriptive analysis

During the period from Q1 2004 to Q4 2023, the FAERS database received a total of 20,755,633 reports, and
after data cleaning, 17,307,196 valid reports were ultimately retained for signal detection. Of which, 1,373,016
reports were attributed to TNF-a inhibitors, a total of 12,080 reports related to TNF-a inhibitors were reported
as “Systemic Lupus Erythematosus” (Table 5).

Among the reports of SLE caused by the 5 TNF-a inhibitors, adalimumab (n=4569, 37.82%), infliximab
(n=5058, 41.87%), and etanercept (n=1836, 15.20%) were involved in a higher number of cases compared to
other similar products, indicating longer duration of use for these three TNF-a inhibitors.

In terms of gender, female patients accounted for a higher proportion, ranging from 64 to 86%. In terms
of age, the majority of patients in the systemic lupus erythematosus ADR caused by the five TNF-a inhibitors
were in the Adults (25-65) age group, with a median age distribution between 45 and 52 years. The labeling for
golimumab and certolizumab pegol mentions that “safety in children and adolescents under 18 years of age has
not been established and is not recommended”. Based on the age data collected from the reports, the minimum
ages for the use of these two drugs were 22 and 18 years, respectively, indicating no unreasonable use in patients
under 18 years old in the real world.

SLE was reported by physicians in 35.54% and 42.70% of reports for infliximab and etanercept, respectively,
while SLE was more frequently reported by consumers treated with adalimumab, golimumab, and certolizumab
pegol, suggesting that awareness of SLE induced by TNF-a inhibitors is increasing among people other than
healthcare professionals.

Over 90% of the reports of SLE caused by the five TNF-a inhibitors were categorized as serious, with the most
common outcomes being other serious medical events and hospitalization-initial or prolonged. Furthermore,
reports of patient deaths were present for all 5 TNF-a inhibitors, with certolizumab pegol and etanercept having
the highest proportion of reports leading to death. The above results contribute to the preliminary understanding
of the severity and clinical regression of SLE induced by TNF-a inhibitors, suggesting that patients who develop
SLE with TNF-a inhibitors need to be closely monitored during clinical practice and that the risk of developing
severe regression is highly emphasized.

Algorithms Equation Criteria
ROR = AD/BC A>3
ROR In(ROR)+1.96V (5454545 Lower limitgf 95%CI>1
ROR95%CI = e - A'B'C'D
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Table 4. Equations and criteria for ROR and BCPNN.
7, 7Y i; are the Dicichlet distribution parameter; o ;, o, 3 ;, 3 are Beta distribution parameter;
SD is the standard deviation; IC' — 25D is the lower limit of IC' 95% CI; hypothesis o = 8 = 2,

’Yij:ﬂj:aizl
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certolizumab
Clinical characteristics infliximab adalimumab etanercept golimumab pegol
Gender, number (%)
Male 767 (16.79) 723 (14.29) 214 (11.66) 20 (13.33) 29 (6.21)
Female 2950 (64.57) 4025 (79.58) 1486 (80.94) 113 (75.33) 402 (86.08)
Unspecified 852 (18.65) 310 (6.13) 136 (7.41) 17 (11.33) 36 (7.71)
Age (years), number (%)
Children (0-14) 39 (0.85) 24 (0.47) 22 (1.20) 0 (0.00) 0 (0.00)
Young adults (15-24) 157 (3.44) 131 (2.59) 52(2.83) 1(0.67) 9(1.93)
Adults (25-65) 1800 (39.40) 2018 (39.90) 945 (51.47) 76 (50.67) 200 (42.83)
Elderly (>66) 179 (3.92) 250 (4.94) 163 (8.88) 10 (6.67) 25 (5.35)
Unspecified 2394 (52.40) 2635 (52.10) 654 (35.62) 63 (42.00) 233 (49.89)
Age (year§) n?e'dian (IQR, Q1-Q3) 45.00 (35.00,56.00) 49.00 (39.00,58.00) 51.00 (42.00,61.00) 52.00 (43.00,57.00) ?20580 58.00)
[Data availability] [2175] [2423] [1182] [87] [234] >
Age (years) min, max 1.00, 90.00 5.00, 90.00 2.00, 91.00 22.00, 80.00 18.00, 83.00
Reporting sources, number (%)
Physician 1624 (35.54) 1218 (24.08) 784 (42.70) 42 (28.00) 109 (23.34)
Pharmacist 512 (11.21) 314 (6.21) 204 (11.11) 39 (26.00) 133 (28.48)
Other health-professional 1036 (22.67) 249 (4.92) 276 (15.03) 18 (12.00) 51 (10.92)
Consumer 1349 (29.53) 3193 (63.13) 512 (27.89) 48 (32.00) 164 (35.12)
Lawyer 9(0.20) 3 (0.06) 3(0.16) 0(0) 1(0.21)
Unspecified 39 (0.85) 81 (1.60) 57 (3.10) 3 (2.00) 9(1.93)
Seriousness, number (%)
Serious 4485 (98.16) 4560 (90.15) 1656 (90.20) 144 (96.00) 434 (92.93)
Non-Serious 84 (1.84) 498 (9.85) 180 (9.80) 6 (4.00) 33 (7.07)
Outcome, number (%)
Death 48 (1.07) 66 (1.45) 42 (2.54) 3(2.08) 15 (3.46)
Life-Threatening 60 (1.34) 41 (0.90) 33 (1.99) 5(3.47) 9(2.07)
Hospitalization-Initial or Prolonged 625 (13.94) 637 (13.97) 260 (15.70) 35(24.31) 74 (17.05)
Disability 89 (1.98) 60 (1.32) 33 (1.99) 2(1.39) 18 (4.15)
Congenital Anomaly 0 (0.00) 3(0.07) 0 (0.00) 0 (0.00) 0 (0.00)
ﬁi%‘;gen‘feﬁj%‘a’ffaﬁg‘;“ to Prevent Permanent | 5 7) 12 (0.26) 6(0.36) 0(0.00) 0(0.00)
Other 3660 (81.61) 3741 (82.04) 1282 (77.42) 99 (68.75) 318 (73.27)
Time to onset, days, IQR(Q1-Q3) 250.00 (36.00,749.00) | 217.00 (53.00,699.00) | 304.00 (53.00,925.00) | 79.00 (9.00,255.50) ?(?..88,206.00)
Time to onset, days, min, max 0.00,7395.00 0.00,5428.00 0.00,7642.00 0.00,2150.00 0.00,3134.00

Table 5. Five TNF-a inhibitors-induced systemic lupus erythematosus reports basic information. Note: The
outcome was counted on a patient dimension, and if multiple outcomes were documented in a single report,

they were ranked in descending order of severity, with only the most severe outcome considered (death > life-
threatening > hospitalization-initial or prolonged > disability > congenital anomaly > required intervention to
prevent permanent impairment/damage > other)?>%3. Also, due to missing information indicating incomplete
outcome data, the proportion of outcomes occurring in each report was calculated using the outcomes for
which data were available as the base.

The median time to onset for infliximab, adalimumab, and etanercept was 250d (IQR 36, 749), 217d (IQR
53, 699), and 304d (IQR 53, 925), SLE occurred more than 7 months after drug administration; the median time
to onset for golimumab and certolizumab was 79d (IQR 9, 255.5), and 44d (IQR 0, 206), with SLE occurring
approximately 2 months after dosing. Based on the reports with TTO data, further analysis of the time of onset
(Fig. 1) showed that the induction of SLE by the five TNF-a inhibitors was mainly concentrated within 90 days
after treatment with the drugs, and the possibility of inducing SLE also existed after 720 days post-dose.

Disproportionality analysis at the SMQ level
In the SMQ narrow term set of SLE, all five TNF-a inhibitors showed statistically significant signals (Fig. 2A),
with the signal strength ranking as infliximab >adalimumab > certolizumab pegol > golimumab > etanercept,
suggesting differences in the risk of SLE induced by different TNF-a inhibitors. Infliximab had the highest risk
of inducing SLE, followed by adalimumab, with etanercept presenting the lowest risk.

In order to further investigate individual characteristics, this study conducted subgroup analyses based on
gender and age, visualizing them according to their ROR values (Fig. 2B, 2C).
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Fig. 1. Time-to-onset analysis of systemic lupus erythematosus induced by five TNF-a inhibitors.

(A) ROR Value IC Value (B) Male . Female
certolizumab pegol 3.05 ‘ 1.59 certolizumab pegol certolizumab pegol { 234 ’ 253 +certolizumab pegol
golimumab 1.85 ‘ 0.89 golimumab golimumab { 245 ’ 15.05} golimumab
etanercept 1.81 ‘ 0.82 etanercept etanercept { 2.46 ’ 1.52 +etanercept
adalimumab 4.03 ’ 1.86 adalimumab adalimumab { 5.00 ’ 3.62 +adalimumab
infliximab{ 9.40 ‘ 3.07 infliximab infliximab {15.05 10.69 +infliximab
12 6 0 6 12 8 12 6 0 6 12 18
(©) Children (0-14) Young adults (15-24) Adults (25-65) Elderly (=66)
certolizumab pegol 2.15 2.54 3.10 certolizumab pegol
golimumab 1.63 golimumab
etanercept 3.98 243 1.50 2.02 etanercept
adalimumab 4.49 2.85 322 3.16 adalimumab
infliximab{ 6.62 4.54 8.45 8.14 finfliximab
8 6 4 2 0 2 4 6 8 8 6 4 2 0 2 4 6 8

Fig. 2. Disproportionality analysis results of five TNF-a inhibitors-induced systemic lupus erythematosus
based on overall population, gender subgroups and age subgroups: (A) ROR and IC values of five TNF-a
inhibitors-induced SLE in the overall population. (B) ROR values of five TNF-a inhibitors-induced SLE in
different gender subgroups. (C) ROR values of five TNF-a inhibitors-induced SLE in different age subgroups.

In the gender subgroup analysis results (Fig. 2B), all five TNF-a inhibitors showed signals. For the male
subgroup, infliximab had the highest risk of inducing SLE (#=785, ROR 15.05, 95% CI 13.95-16.23), while
certolizumab pegol had the lowest risk (n =29, ROR 2.34, 95% CI 1.62-3.37); for the female subgroup, golimumab
had the highest ROR value for causing systemic lupus erythematosus, at 15.05, with etanercept presenting the
lowest risk (n=1558, ROR 1.52, 95% CI 1.45-1.60).
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Systemic lupus erythematosus disease activity index increased -
Systemic lupus erythematosus disease activity index abnormal —

In the four age groups (Fig. 2C), infliximab, adalimumab, and etanercept all showed signals for SLE, with
infliximab presenting the highest risk and adalimumab following closely. Golimumab only showed a positive
signal in the Adults subgroup (n=76, ROR 1.63, 95% CI 1.30-2.04); except for the Children subgroup,
certolizumab pegol showed positive signals in the other three subgroups.

Disproportionality analysis at the PT level

Specifically at the PT level, based on the 30 PTs under the SLE narrow term set, a heat map was drawn according
to their ROR values for positive signals detected by both methods (Fig. 3). In the overall population, the number
of positive signals generated by infliximab, adalimumab, certolizumab, golimumab, and etanercept were 11, 9,
6, 3, and 3, respectively, and the positive signals generated together were lupus-like syndrome, systemic lupus
erythematosus, and systemic lupus erythematosus rash.

Among them, the positive signals of infliximab were mainly focused on lupus-like Syndrome (n=2580, ROR
41.45, 95% CI 39.48-43.50), pericarditis lupus (n=>5, ROR 17.98, 95% CI 6.75-47.90), lupus pleurisy (n=>5, ROR
13.83,95% CI 5.31-36.01); ADR with top ROR values for adalimumab were mainly systemic lupus erythematosus
disease activity index increased (n=6, ROR 12.29, 95% CI 4.67-32.23) and antinuclear antibodies increased
(n=161, ROR 6.08, 95% CI 5.12-7.22); and etanercept was associated with systemic lupus erythematosus rash
(n=64, ROR 3.72, 95% CI 2.88-4.81), and cutaneous lupus erythematosus (n=116, ROR 2.67, 95% CI 2.21-
3.22); and risk signals for golimumab and certolizumab pegol were mainly concentrated in the 3 PTs of lupus-
like syndromes, systemic lupus erythematosus, and systemic lupus erythematosus rash.

Disproportionality analysis of gender subgroups
In the gender subgroup analysis, the positive signals detected by both methods were plotted in a forest plot
according to their ROR values and 95% CI (Fig. 4).

In the male subgroup, signals with higher risk were lupus-like syndrome due to infliximab (n=428, ROR
41.05, 95% CI 36.61-46.02), SLE arthritis due to adalimumab (n=6, ROR 20.21, 95% CI 7.19-56.77), and
antinuclear antibody increased due to infliximab (n=29, ROR 14.35, 95% CI 9.7-21.24).

In the female subgroup, higher risk signals were lupus-like syndrome with infliximab (n=1646, ROR 52.17,
95% CI 49.13-55.39) and golimumab (n=428, ROR 41.05, 95% CI 36.61-46.02), and pericarditis lupus due to
infliximab (n=4, ROR 29.63, 95 95% CI 9.66-90.87).

For the five TNF-a inhibitors, two positive signals, lupus-like syndrome and systemic lupus erythematosus,
were jointly detected in both the male and female patient groups. Pericarditis lupus, chronic cutaneous lupus
erythematosus, and SLE arthritis were detected in the female group with infliximab compared with the male
group; systemic lupus erythematosus disease activity index increased was detected in the female group with the
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Fig. 3. PT-level heatmap of five TNF-a inhibitors-induced systemic lupus erythematosus.
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Male
a ROR (95%C1) 1C (95%CT)
infliximab
Antinuclear antibody positive 90 14.27(11.43,17.83) 3.64(3.14,3.79) ——
Antinuclear antibody increased 29 1435(9.7,21.24) 3.64(2.61,3.73) —_—
Lupus-like sy ndrome 428 41.05(36.61,46.02) 4.83 (4.58,4.9) ——
Ci lupus eryth 15 4.15(2.47, 6.96) 2(1.01,2.49) —-—
Systemic lupus ery thematosus 205 9.89(8.56,11.42) 3.17(2.9,3.32) .
Systemic lupus ery thematosus rash 8 7.71 (3.74, 15.86)  2.84 (1.08, 3.08) —
adalimumab
Antinuclear antibody positive 66 3.4(2.63,4.38) 1.66 (1.24, 1.98) -
Antinuclear antibody increased 48  898(6.51,12.39) 2.84(2.2,3.12) il
Lupus-like sy ndrome 202 5.27(4.54,6.12) 2.21(1.97,24) -
Chronic lupus eryth 6 5.05(2.13,11.99) 2.16(0.38,2.74) —_—
Ci lupus eryth 22 2.1(1.37,3.29) 1.02 (0.33, 1.58) -
Systemic lupus ery thematosus 389  7.04(6.31,7.86) 2.56(2.38,2.7) -
Systemic lupus ery thematosus rash 23 8.94(5.61,14.23) 2.83(1.84,3.15) —_——
SLE arthritis 6 20.21(7.19,56.77)  3.65(0.9,3.52)
etanercept
Antinuclear antibody positive 26 2.36(1.59,3.49) 1.2(0.57, 1.7) -
Lupus nephritis 16 4.04 (2.43,6.7) 1.94 (0.99, 2.44) —-—
Lupus-like sy ndrome 50 2.17(1.64,2.88)  1.09(0.64, 1.47) -
C lupus eryth 15 264(1.57,443)  136(048,1.96) e
Systemic lupus ery thematosus 96 2.78 (2.27,3.41) 1.43 (1.11, 1.71) -
Systemic lupus ery thematosus rash 11 6.97 (3.73, 13.03) 2.66 (1.24, 3) P C——
golimumab
Lupus-like sy ndrome 7 345(1.64,725) 1.78(0.37,242) i—e—
Systemic lupus erythematosus 10 3.26 (1.75, 6.06) 1.7 (0.56, 2.3) —
certolizumab pegol
Lupus-like sy ndrome 10 3.24(1.74, 6.03) 1.69 (0.55, 2.3) --—
Systemic lupus ery thematosus 12 2.56(1.45, 4.52)  1.35(0.39, 1.99) —
™ T T T T T T T 1
0 20 40 60
Female
a ROR (95%C1) 1C (95%CT)
infliximab "
Antinuclear antibody positive 188  957(824,11.12) 3.14(2.86,3.3) H -
Antinuclear antibody increased 62 11.55(888,1503) 338(28,356) ! ——
Pencarditis lupus 4 29.63(9.66,9087) 4.52(0.62,3.54) !
Lupus-like syndrome 1646 52.17(49.13,5539) 5.09(4.98,5.14) | ——
Chronic cutancous lupus ery thematosus 7 421(198,898)  203(051,26) e
Cutancous lupus ery thematosus 69 574(451,732) 24501,272) | =
Systemic lupus ery thematosus 1004 539(5.06,574) 236(226,245) '
Systemic lupus ery thematosus rash 23 454(299,69) 2.13(134,254) | e
SLE arthritis 14 9.7 (5.6, 16.8) 3.15(1.76,332) ! —_——
Antinuclear antibody positive 237 2.88(2.51,329) 141(12,1.6) -
Antinuclear antibody increased 9 4.61(3.72,5.73) 2(1.64,227) L -
Lupus-like syndrome 831 481(446,5.18) 205(193,215) | =
Chronic cutancous lupus ery thematosus 31 5.1(3.45,7.53) 2.12(141,252) | -=—
Cutancous lupus ery thematosus 101 201(1.64,246) 095(0.63,1.23) -
Systemic lupus crythematosus 2789 3.86(3.7.4.01) 1.78(1.72, 1.84)
-
i
P

.
Systemic lupus crythematosus discase activity index increased 4 8.13(2.59,2555) 2.64(0.09,3.05) ——
Systemic lupus crythematosus rash 98 531(426,662) 2.16(1.79,243) -
SLE arthritis 16 261 (1.56,4.38) 1.29(0.43,19) -—
etanercept
Antinuclear antibody positive 122 1.77(1.48,2.13)  0.79(0.51,1.05)
Lupus-like syndrome 268 1.72(1.52,195)  0.75(0.56,0.93)
Cutancous lupus ery thematosus 87 2.18(1.75,271)  1.06(0.73, 1.36)
Systemic lupus erythematosus 952 1.5(1.41,1.6) 0.56 (0.47, 0.66)
Systemic lupus ery rash 48 295(2.19,397)  1.47(0.98, 1.85) -
Antinuclear antibody positive 90 1427(11.43,17.83) 3.64(3.14,3.79) ——
Antinuclear antibody increased 29 1435(9.7,21.24)  3.64(261,3.73) ! S e
Lupus-like sy ndrome 428 41.05(36.61,46.02) 4.83(4.58,49)
Cutancous lupus ery thematosus 15 4.15(2.47,6.96) 2(1.01,249) s
Sy stemic lupus ery thematosus 205 989(856,1142) 3.17(29,332) ! -
Systemic lupus ery thematosus rash 8 7.71(3.74,1586) 2.84(1.08,3.08) S—
certolizumab pegol H
Lupus-like syndrome 92 371(3.02,456) 187(153,213) | *
Systemic lupus erythematosus 280 278(247,3.13) 146(1.28,163) :*
Sy stemic lupus ery rash 10 371(198,694) 187(0.68,244) |—=—

1
50 100

Fig. 4. Results of five TNF-a inhibitors-induced systemic lupus erythematosus at the PT level in gender

subgroups.

highest degree of association with adalimumab; and lupus nephritis was not detected in the female group with

etanercept.

Disproportionality analysis of age subgroups
In the age subgroup analysis, the positive signals detected by both methods were plotted in a forest plot according

to their ROR values and 95% CI (Fig. 5a, b, c and d).

The association between etanercept and lupus nephritis in the Children age group (n=4, ROR 5.89, 95% CI
2.14-16.27) was noteworthy.
In the Young Adults age group, signals of higher risk were adalimumab causing SLE arthritis (n=4, ROR
25.32, 95% CI 6.33-101.24), and infliximab causing lupus-like syndrome (n=99, ROR 14.34, 95% CI 11.36-

18.09).

In the Adults age group, signals of higher risk were infliximab-induced lupus-like syndrome (n=1002, ROR

37.56, 95% CI 34.79-40.54), and adalimumab-induced systemic lupus erythematosus disease activity index
increased (n=4, ROR 11.42, 95% CI 3.44-37.93).
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(@)

(b)

infliximab a ROR (95%CI)) IC (95%C)) }
Antinuclear antibody positive 7  5.94 (2.75,12.83) 2.48 (0.76, 2.88) e
Lupus-like syndrome 21 2276 (13.96,37.1) 4.14(2.63,4.01) | e —
Systemic lupus erythematosus 7 2.95(1.39,6.29) 1.53(0.17,2.26) i=—
adalimumab |
Systemic lupus erythematosus 14  6.36 (3.69, 10.98)  2.57 (1.38,2.93) -
etanercept !
Lupus nephritis 4 5.89(2.14,16.27) 2.48(0.19,2.87) i~
Systemic lupus erythematosus 11 5.15(2.8,9.48)  2.29(1.02,2.74) -
I I |
0 20 40
infliximab a ROR (95%CI) IC (95%CI)
Antinuclear antibody positive 12 3.1 (1.72, 5.59) 1.55(0.51,2.18) ¢ _
Antinuclear antibody increased 6 8.74 (3.59,21.31)  2.86(0.71, 3.12) :
Lupus-like syndrome 99 1434 (11.36, 18.09) 3.4 (2.94,3.59) :
Sy stemic lupus ery thematosus 38 2.13 (1.54, 2.96) 1.05 (0.53, 1.48) ,_
adalimumab :
Antinuclear antibody positive 15 2.75 (1.62, 4.69) 1.37 (0.47, 1.98) _._
Lupus-like sy ndrome 44 3.63 (2.65, 4.98) 1.72 (1.19, 2.1) -
Cutaneous lupus erythematosus 5 4.08(1.59,10.5)  1.87(0.05,2.59) {—=——
Sy stemic lupus ery thematosus 70 2.87(2.24,3.68)  1.42(1.03,1.75) -

SLE arthritis 4 2532(6.33,101.24) 3.72(0.29,3.51)
etanercept !
Antinuclear antibody positive 7 2.98 (1.39, 6.36) 1.53 (0.17, 2.26) —'—
Cutaneous lupus erythematosus 4 7.76 (2.75,21.95) 2.81(0.28,3.03) { —

Sy stemic lupus erythematosus 29 2.74 (1.89, 3.97)

1.41(0.8,1.87) ™
certolizumab pegol

Sy stemic lupus ery thematosus 6 3.06 (1.37, 6.84) 1.6 (0.14, 2.33)
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Fig. 5. (a) Results of five TNF-a inhibitors-induced systemic lupus erythematosus at the PT level in Children
subgroup, (b) Results of five TNF-a inhibitors-induced systemic lupus erythematosus at the PT level in Young
Adults subgroup, (c) Results of five TNF-a inhibitors-induced systemic lupus erythematosus at the PT level in
Adults subgroup, (d) Results of five TNF-a inhibitors-induced systemic lupus erythematosus at the PT level in
Elderly subgroup.

In the Elderly age group, certolizumab had the highest association with systemic lupus erythematosus rash
(n=4, ROR 15.34, 95% CI 5.67-41.49).

For the five TNF-a inhibitors, the positive signals with SLE were detected jointly in all four age groups.
Infliximab had the highest number of positive signals detected in all four age groups and both PTs, lupus-
like syndrome and systemic lupus erythematosus, were detected with more advanced signal intensity. Signals
of interest included etanercept for lupus nephritis in the children group (ROR 5.89, 95% CI 2.14-16.27), and
adalimumab for SLE arthritis in the young adults group (ROR 25.32, 95% CI 6.33-101.24) with high signal
intensity.

Discussion

Infliximab (Remicade), adalimumab (Humira), etanercept (Enbrel), golimumab (Simponi Aria), and
certolizumab pegol (Cimzia) are widely used as biologics for the treatment of autoimmune disorders in clinical
practice. However, the treatment process may induce autoimmune diseases and the production of autoantibodies
such as ANA and anti-dsDNA, causing a syndrome called drug-induced lupus (DIL), drug-induced lupus-like
syndrome (DILS), or drug-induced lupus erythematosus (DILE), and more specifically TNF-a inhibitors-
induced Systemic Lupus Erythematosus (TAILS), whose clinical features overlap with those of spontaneous
SLE. Therefore, this study selected reports of TNF-a inhibitors-induced SLE according to the narrow set of
SMQ terms in MedDRA, identifying more than 10,000 reports, making this study the largest and most extensive
pharmacovigilance study on systemic lupus erythematosus associated with TNF-a inhibitors leveraging FAERS
database.

Baseline characteristics of the five TNF-a inhibitors-induced SLE

In this study, 12,080 reports of TNF-a inhibitors as the primary suspected drug causing SLE were identified. In
terms of the epidemiology of the cases, a clear female predominance was observed, with a higher proportion of
female patients (64-86%), which is consistent with the findings of previous studies?*. The median age distribution
of the patients in this study was between 45 and 52 years, which corroborates the findings of the mean age of
onset of 46.2 to 50.9 years mentioned in the studies by Wetter Da et al.>> and Ramos-Casals M et al.?.
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(©)

(d)

infliximab a ROR (95%CI) IC (95%C1)
‘Antinuclear antibody positive 147 8.01(6.75,949)  2.87 (256, 3.06) .
Antinuclear antibody increased 48 9.65(7.14,13.05)  3.11(2.46,333) R
Lupus-like syndrome 1002 37.56 (34.79,40.54)  4.64 (4.5,4.71) e
Chronic cutaneous lupus erythematosus 6 3.79 (1.67, 8.61) 1.87(0.27,2.52) —_—
Cutaneous lupus ery thematosus 38 38(274,527)  1.87(13,2.25) —
Systemic lupus ery thematosus 568 432(397,47)  2.04(191,2.16) .
Systemic lupus erythematosus rash 16 474.(2.86,7.86)  2.17(1.17,2.62) ———
SLE arthritis 5 42(1.7,1035) 2,01 (0.19,2.63) —_—
‘Antinuclear antibody positive 164 29(246,341) 142 (1.17, 1.64) -
Antinuclear antibody increased 75 522(4.06,671)  2.15(1.72,2.44) —-—
Lupus-like syndrome 527 5.05(4.59,5.55)  2.11(1.96,2.24) -
Chronic cutaneous lupus ery thematosus 16 3.55(21,601)  1.68(0.75,2.24) e
Cutaneous lupus erythematosus 56 1.84(14,242)  0.83(0.41,121) -
Systemic lupus ery thematosus 1229 321(3.03,341) 156 (147, 1.64) .
Systemic lupus erythematosus disease activity index increased 4 11.42 (3.44,37.93)  2.99(0.18,3.21)
Systemic lupus erythematosus rash 53 5.93 (4.39, 8.03) 2.3 (1.76, 2.62) .
etanercept
‘Antinuclear antibody positive 72 129 (1.02, 1.64) 0360, 0.7) -
Lupus-like syndrome 169 154(131,1.79)  0.59(0.36,0.81) .
Cutancous lupus erythematosus 47 1.66(124,2.24)  0.7(0.25, 1.11) -
Systemic lupus erythematosus 619 1.65 (1.52, 1.79) 0.69 (0.57, 0.8) -
Systemic lupus erythematosus rash 32 3.55(2.45,5.13) 1.69 (1.06, 2.12) -
Lupus-like syndrome 17 22(137,355) 113 (0.36, 1.72) -
Systemic lupus ery thematosus 49 1.85 (14,245 0.89(045,127) -
i pegol
Lupus-like syndrome 77 351(263,468)  1.79(13,2.14) -
Systemic lupus ery 138 3.01(2.54,3.56)  1.57(1.31, 1.8) -
T T T
0 20 40
infliximab a ROR (95%CI) IC (95%CI)
Antinuclear antibody positive 17 6.56 (4.04,10.65)  2.67 (1.6,2.98) —
Antinuclear antibody increased 6 11.55 (5.05,26.41)  3.44 (1.04,3.3)
Lupus-like syndrome 86 21.99(17.57,27.53) 4.29 (3.68,4.34) B —
Cutaneous lupus erythematosus 15 5.76 (3.45,9.64)  2.49 (1.39,2.85) —_——
Sy stemic lupus erythematosus 55 6.81(5.2,8.92) 2.72 (2.19,2.97) ——
adalimumab
Antinuclear antibody positive 27 2.82(1.91,4.16) 1.44 (0.79,1.91) —-—
Antinuclear antibody increased 10 5.33(2.77,10.27)  2.29(0.92,2.76) —
Lupus-like syndrome 69 4.55(3.55,5.82)  2.08(1.65,2.37) -
Systemic lupus erythematosus 130 4.5 (3.76,5.39) 2.07 (1.77,2.29) -
Systemic lupus erythematosus rash 13 4.79 (2.71,8.49)  2.15(1.01,2.63) —_
etanercept
Antinuclear antibody increased 7 3.75(1.74,8.1) 1.83 (0.36,2.48) I
Lupus-like syndrome 39 2.56 (1.86,3.54) 1.31 (0.79,1.73) -
Sy stemic lupus ery thematosus 88 3.07 (2.48,3.81) 1.56 (1.21,1.84) =
Systemic lupus erythematosus rash 7 2.56 (1.2,5.48) 1.31(0.01,2.11)
certolizumab pegol
Lupus-like syndrome 5 3.37(1.4,8.11) 1.74 (0.08,2.45)
Sy stemic lupus ery thematosus 14 4.98 (2.94,8.43) 2.3(1.22,2.72)
Systemic lupus erythematosus rash 4 15.34 (5.67,41.49) 3.9 (0.66,3.29)

Figure 5. (continued)

The median onset time from the initiation of treatment with TNF-a inhibitors to the development of SLE
ranged from about 1 month to 10 months. Infliximab, adalimumab, and etanercept had longer median onset
times (over 7 months), while golimumab and certolizumab pegol had median onset times around one or two
months. R. Perez- Alvarez et al. showed that the time to onset of SLE symptoms after initiation of TNF-a
inhibitors ranged from 10 days to 54 months™>*. The median time to onset of SLE varied among the different
TNF-a inhibitors, with the highest number of reports of SLE induced within 90 days of administration. The
half-life of TNF-a inhibitors varies?® (infliximab: 8-9.5 d, adalimumab with certolizumab: 14 d, etanercept: 70 h,
golimumab: 13 d), the above findings suggest that SLE may still occur even after patients have stopped treatment
with the drugs, and that the risk of drug-induced SLE needs to be continuously monitored for a long period of
time.

Of the 12,080 reports collected in this study, 93.37% were serious reports, which may lead to serious
outcomes such as hospitalization-initial or prolonged and other serious medical events, and even fatal outcomes.
Certolizumab pegol and etanercept were associated with the highest proportion of fatal outcomes, suggesting a
higher likelihood of fatal consequences with these drugs. Therefore, vigilance and timely preventive measures
are necessary if SLE occurs during treatment. This also highlights the importance of considering the risk of
death associated with lupus-related clinical diagnosis and treatment activities, while also taking into account
other factors contributing to mortality, such as disease progression. Several risk factors have been identified for
TNF-a inhibitors-induced systemic lupus erythematosus?, including female gender, older age, family history
of systemic lupus erythematosus, and elevated levels of anti-dsDNA antibodies prior to anti-TNF-a treatment,
emphasizing the importance of early identification and proactive prevention during the use of TNF-a inhibitors
in clinical practice.
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Risk of the five TNF-a inhibitors-induced SLE

TNF-a inhibitors, as immunotherapy, may interfere with specific immune pathways during treatment,
potentially activating compensatory signaling pathways that exacerbate underlying subclinical diseases or lead
to autoimmune conditions completely different from the underlying disease>?°. TNF-a inhibitors-induced
systemic lupus erythematosus poses a major challenge during the treatment process.

In this study, focusing on the SMQ narrow term of SLE, infliximab, adalimumab, etanercept, golimumab,
and certolizumab pegol all showed significant signals in the overall population, with infliximab presenting the
highest risk followed by adalimumab. Laurent Arnaud et al.'® utilized the VigiBase database to identify 8,163
reports with PT as systemic lupus erythematosus, involving 118 suspected drugs, with TNF-a inhibitors being
the most common suspected drugs (n=2,793), and the drugs with the highest number of case reports were
infliximab (n=1,055, IC025 3.39) and adalimumab (1 =926, IC025 1.66), which is consistent with the results of
this study, thereby validating the reliability of the findings to a certain extent.

Differences in the structure and pharmacokinetics of different TNF-a inhibitors may result in varying risks of
inducing SLE for each drug™®. In other words, although the mechanism of action of TNF-a inhibitors is similar,
due to the different in vivo pharmacokinetics of each drug, the structural differences bring about different
receptor membrane binding strengths, different phagocytosis and clearing ability of ANA, and the degree of
impact on safety is also different, which can also explain the results of the present study in which the risk of SLE
induced by different TNF-a inhibitors varies. In the case of infliximab, its chimeric structure makes it considered
the most immunogenic of the TNF-a inhibitors, allowing it to reach higher tissue concentrations, which may
increase cytotoxicity and stimulate autoantibody production, thereby increasing the risk of TAILS.

Reports indicated®® that the TNF-a inhibitors with the highest rates of inducing lupus were INF
followed by ADA, then ETN, while GM and CZP had few reports of inducing TAILS. In the large
population male subgroup of this study, the risk of TNF-a inhibitors inducing SLE from highest to lowest
is infliximab >adalimumab > etanercept > golimumab > certolizumab pegol; in the four age subgroups,
infliximab poses the highest risk of inducing SLE, followed by adalimumab and etanercept, consistent with the
aforementioned study results.

Of note, in the overall population, etanercept carries the lowest risk of inducing SLE; in the female patient
subgroup, golimumab poses the highest risk, while etanercept has the lowest risk. This discrepancy from previous
reports is likely due to factors such as the production of autoantibodies related to gender, age, underlying
diseases, medication history, infection status, and other factors. Additionally, in the real world, the complexity
of different host immune systems’ sensitivity to various drugs can impact the production of autoantibodies to
varying degrees, leading to differing risks of each TNF-a inhibitor inducing systemic lupus erythematosus in
different patient subgroups®2. Compared to existing research, the results of this study based on a vast amount of
FAERS records will provide valuable clinical evidence, highlighting the need for future research to focus on and
monitor the differences in the risk of TNF-a inhibitors inducing TAILS in various patient subgroups.

Distinct signals of the five TNF-a inhibitors-induced SLE

TNF-a inhibitors-induced autoimmune lesions of systemic lupus erythematosus (TAILS) can be categorized as
anti-TNF-a induced lupus (ATIL), lupus-like syndrome, and isolated autoimmune lesions. In most cases, TAILS
is characterized by skin manifestations, high titers of ANA and anti-dsDNA, and generally by arthralgia and
arthritis, with rare involvement of organs such as the kidneys and heart.

In this study, five TNF-a inhibitors were significantly associated with lupus-like syndrome, systemic lupus
erythematosus and systemic lupus erythematosus rash, and the association of antinuclear antibody positive, and
antinuclear antibody increased was also more significant, which is in line with Ramos-Casals et al. They found
that the clinical manifestations of 72 cases of TAILS were predominantly positive ANA (57 cases, 79%), positive
anti-dsDNA (52 cases, 72%), and skin symptoms (48 cases, 66.67%).

The results of this study indicate that adalimumab poses a higher risk of SLE arthritis in the male subgroup
(ROR 20.21, 95% CI 7.19-56.77), while in the female subgroup, the signal strength for SLE arthritis is 2.61 (1.56,
4.38), and for infliximab, it is 9.7 (95% CI 5.6-16.8). Arthritis is the first feature observed in a single-center
patient cohort in previous studies (71% of cases), and usually occurs more frequently in women than in men®.
The results of this study suggest a similarly high risk of joint involvement in male patients, which warrants
clinical attention, especially during treatment with adalimumab. Arthritis is usually the initial symptom of
systemic lupus erythematosus in patients, often accompanied by significant inflammation, with a potential
for erosive arthritis (EA) leading to irreversible functional damage. When patients experience joint pain or
discomfort during treatment, relevant investigations should be conducted for early diagnosis and management.

Serum ANA and anti-dsDNA titers are elevated in patients treated with TNF-a inhibitors, and vasculitis
caused by high levels of pathogenic autoantibodies and immune complex deposition in the serum can further
lead to impaired multiorgan function in patients. Two patient series conducted in the United States and Spain
reported renal involvement in 7% and 9% of TAILS patients®. In addition, one study**investigated 29 cases
of biologic-induced autoimmune renal disorders (AIRD), in which etanercept (15 cases, 51.7%) was the most
relevant drug, including four cases of glomerulonephritis in lupus-like syndrome (GNP). The mean age of onset
in cases of lupus-like syndrome (GNLS) was 37.0 years (ranging from 22 to 52 years). There have been numerous
case reports of lupus nephritis caused by etanercept**~3, including life-threatening cases resulting in death’.

Importantly, the present study observed some degree of risk association between etanercept and lupus
nephritis in the children subgroup compared to other age groups (ROR 5.89, 95% CI 2.14-16.27). The risk of
lupus nephritis observed in the children age group (0-14 years) in this study may be due to the fact that children
are more susceptible to organ involvement because of incomplete organ development, in addition to the fact that
etanercept as a biologic agent promotes the development of glomerulonephritis in lupus-like syndrome. Lupus
nephritis, as a complication that seriously affects the prognosis, has a severe clinical manifestation and poor
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prognosis, and is one of the major causes of death. In the course of clinical treatment with TNF-a inhibitors such
as etanercept, children should be alerted to the possibility of lupus nephritis, and should be screened regularly
with renal parameters such as urinalysis, proteinuria quantification, and estimation of glomerular filtration rate,
so as to achieve continuous management of children, in order to avoid the development of lupus nephritis and
the further induction of acute kidney injury and other adverse effects.

Other rare and severe clinical features include pleurisy with pericarditis, pericardial effusion or pleural
effusion. The results of this study observed an association between infliximab-induced lupus pericarditis in
a subgroup of female patients (ROR 29.63, 95% CI 9.66-90.87) and the overall population (ROR 17.98, 95%
CI 6.75-47.90), and a risk of lupus pleurisy induction in the overall population (ROR 13.83, 95% CI 5.31-
36.01) risk. Complications such as pericarditis, pleurisy and pleural effusion induced by infliximab are less well
documented. In recent years, a case of TAILS, manifested by pleural effusion and pericarditis, was reported in an
18-year-old patient treated with infliximab®. A study also reported a case of large pericardial effusion secondary
to ATILS in a patient taking infliximab for long-term treatment of ulcerative colitis large pericardial effusion,
which led to initial cardiac tamponade®’.

Mechanisms regarding clinical features such as infliximab-induced pericarditis lupus are unclear and may
be related to direct cardiotoxicity, immunoglobulin E-mediated anaphylactic reactions, humoral antibody
responses, cell-mediated delayed hypersensitivity, and serum sickness-like reactions*!. Healthcare professionals
need to be vigilant for further cardiac and thoracic involvement by infliximab-induced TAILS, closely monitor
patients’ cardiac function, and intervene promptly in the event of dyspnea, hypotension, dizziness, and cephalic
colic in an effort to minimize the risk of life-threatening events.

Therapeutic management of the five TNF-a inhibitors-induced SLE

The symptoms associated with TAILS range from common mild skin symptoms to complications such as arthritis,
nephritis, and rare and life-threatening conditions like pericardial effusion and pleuritis. Early identification and
strict follow-up of any complications that arise in patients receiving TNF-a inhibitors are crucial to ensuring the
long-term safety of the patients.

The Spanish Autoimmune Disease Biologics Study Group (BIOGEAS) has developed management guidelines
for autoimmune diseases related to TNF-a inhibitors, emphasizing the customization of treatment plans
based on the severity of individual disease manifestations®. If TAILS is limited to skin or serological features,
it can be controlled by simply discontinuing the medication. However, if organ involvement such as renal or
cardiac impairment is present, mandatory cessation of the medication is required, along with the addition of
corticosteroids and immunosuppressants to prevent further complications. The British Society for Rheumatology
also explicitly advises discontinuing pathogenic anti-tumor necrosis factor drugs in TAILS patients.

Furthermore, healthcare professionals need to exercise caution when using TNF-a inhibitors and conduct
comprehensive immunological screening when considering the use of these biologics. This screening should
include baseline immunological analysis and chest X-ray examinations before treatment, with specific time-
bound follow up centered on the possible development of cutaneous, articular, or renal manifestations.

Conclusions and limitations

This study conducted a retrospective analysis based on the FAERS database, systematically investigating the
association between different TNF-a inhibitors and SLE. We raised concerns regarding the potential risk of
systemic lupus erythematosus associated with TNF-a inhibitors, as indicated in the SMQ cluster analysis. The
specific PT signals involved adalimumab inducing SLE arthritis in the male subgroup, etanercept causing lupus
nephritis in the children subgroup, and infliximab leading to pericarditis lupus and lupus pleurisy. The results
suggest that the systemic manifestations of TNF-a inhibitors-induced SLE range from mild to rare and life-
threatening symptoms, including skin involvement, arthritis, pleuritis, pericarditis, and renal impairment. This
information highlights the need for clinicians to be vigilant about the potential risks in patients receiving TNF-a
inhibitors, continuously monitor for lupus toxicity during treatment, and may provide a novel basis for further
well-organized clinical investigations into SLE related to TNF-a inhibitors.

This study has several advantages, particularly in the areas of real-world research and data mining techniques;
however, it also has some limitations. Firstly, the FAERS is a spontaneous reporting system, which may result
in variability in information sources, potential data duplication, and data irregularities, making it difficult to
control the quantity and quality of reports. Secondly, although we collected a large amount of basic demographic
data from patients, their overall health status and complete medication history were not sufficiently clear,
introducing potential confounding factors and uncertainties into our analysis. Lastly, the research methodology
cannot eliminate the influence of factors such as underlying diseases and concomitant medications. Therefore,
the analytical results only support a statistical correlation, and whether a causal relationship exists should be
considered in conjunction with evidence from evidence-based medicine.

Data availability
Publicly available datasets were analyzed in this study. This data can befound here: https://fis.fda.gov/extensions
/FPD-QDE-FAERS/FPD-QDE-FAERS . html.
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