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Background: The Stevens-Johnson syndrome (SJS) is a severe skin reaction to non-
steroidal anti-inflammatory drugs (NSAIDs), and can even be life-threatening. However,
there are still few real-world studies to compare the specific differences in the adverse
effects of skin and mucosal invasion.

Methods: Disproportionality analysis and Bayesian analysis were devoted to data-
mining of the suspected SJS after using NSAIDs based on the FDA's Adverse Event
Reporting System (FAERS) from January 2004 to March 2021. The times to onset, fatality,
and hospitalization rates of antipyretic analgesic-associated SJS were also investigated.

Results: A total of 1,868 reports of SUS adverse events were identified with NSAIDs.
Among 5 NSAIDs monotherapies we studied (acetaminophen, ibuprofen, aspirin,
diclofenac and celecoxib), ibuprofen had the highest association with SJUS based on the
highest reporting odds ratio (ROR = 7.06, 95% two-sided Cl = 6.59-7.56), proportional
reporting ratio (PRR = 6.98, x2 = 4201.14) and empirical Bayes geometric mean (EBGM
= 6.78, 95% one-sided Cl = 6.40). However, ibuprofen-associated SJS had the lowest
fatality rate (6.87%, p < 0.0001) and the highest hospitalization rate (79.27%, p <
0.0001). Celecoxib-associated SJS had the latest time to onset (317.56 days, p <
0.0001). Diclofenac-associated SJS cases appeared to be associated with the highest
risk of death (25.00%, p < 0.0001).

Conclusions: The analysis of FAERS data provides a more accurate profile of the
incidence and prognosis of SJS after NSAIDs treatment, enabling continued surveillance
and timely intervention in patients at risk of SJS following these NSAIDs.

Keywords: non-steroidal anti-inflammatory drugs, real-world study, FAERS, spontaneous reporting system,
pharmacovigilance, Stevens-Johnson syndrome
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INTRODUCTION

Due to its efficacy in reducing pain and inflammation, non-
steroidal anti-inflammatory drugs (NSAIDs) are one of the most
popularly used medicines. NSAIDs are traditionally divided into
seven groups according to their different chemical structures,
the most popular of which are the main derivatives of salicylic
acid, acetic acid, enolic acid, anthranilic acid, or propionic acid
(1). Meanwhile, NSAIDs can also be classified into non-selective
and selective cyclooxygenase (COX) inhibitors according to their
mechanism (2). The COX enzyme comes in two forms, COX-1
and COX-2. Non-selective NSAIDs (NS-NSAIDs), represented
by aspirin, ibuprofen, acetaminophen, and diclofenac, inhibit
COX-1 and COX-2 simultaneously, while selective NSAIDs (S-
NSAIDs) specifically inhibit COX-2, represented by celecoxib.
However, studies (3, 4) have now found that COX-3 is more
sensitive than COX-1 or COX-2 to inhibition by acetaminophen,
diclofenac, ibuprofen, and aspirin.

Stevens-Johnson syndrome (SJS) and toxic epidermal
necrolysis (TEN) are serious adverse skin drug reactions, mainly
involving the skin and mucous membranes. The single difference
between them lies in the degree of skin detachment (5). They are
rare and quite fatal. The average reported mortality rate of SJS
is 1-5%, and that of TEN is 25-35% (6). If the patient is older
or has a larger area of skin exfoliation, the mortality rate will be
higher. Once SJS develops to TEN, more than 50% of surviving
patients suffer from long-term sequelae of the disease (7, 8).

Drugs with higher correlation with SJS were sulfanilamide
antibiotics, allopurinol, certain anti-epileptic drugs and
nevirapine (9). Since 1957 (10), 30 years after SJS was first
reported (11), studies (12-14) of NSAIDs-related SJS have
been reported. Nevertheless, most of the evidence for NSAIDs-
related SJS comes from case reports and clinical trials. Large
sample analysis based on a database is also rare in recent years.
Therefore, it is necessary to update our understanding and
outline the risks and characteristics of adverse events after
NSAIDs treatment for further prevention and management.
Hence, we tried to investigate the FDA's Adverse Event Reporting
System (FAERS) to evaluate and compare the relationship among
acetaminophen, ibuprofen, aspirin, diclofenac, celecoxib, and
serious skin adverse events in a large population. Moreover, the
differences in onset time, mortality, and hospitalization rate
among them were further investigated.

METHODS

Data Source

A retrospective pharmacovigilance study was conducted using
data retrieved from the FAERS database from January 2004 to
March 2021.

The FAERS is a public voluntary self-reporting database
that provides information on adverse events and medication
error reports submitted by a wide range of individuals,
including physicians, consumers, and others, from all over the
world. Information interchange codes for the FAERS database
include demographic and administrative information (DEMO),
the Medical Dictionary for Regulatory Activities (MedDRA)

preferred terms (PTs) coded for the adverse event (REAC), drug
information (DRUG), patient outcomes (OUTC), report sources
(RPSR), therapy start dates and end dates for reported drugs
(THER), and indications for use (INDI).

Adverse Event and Drug Identification
Adverse events were investigated by using the MedDRA (Version
24.0) Preferred Terms as follows: epidermal necrosis (10059284),
epidermal necrolysis (10014986), Stevens-Johnson syndrome
(10042033), toxic epidermal necrolysis (10044223), Stevens-
Johnson reaction (10042029). Thus, the MICROMEDEX®
(Index Nominum) was used like a dictionary. Acetaminophen,
ibuprofen, aspirin, diclofenac, and celecoxib were defined as both
brand and generic names in the DRUG file, and the role of the
drug was identified as “primary suspected.”

Data Mining

Based on the basic principles of Bayesian analysis and non-
proportional analysis, we applied the reporting odds ratio (ROR),
the proportional reporting ratio (PRR), the Bayesian confidence
propagation neural network (BCPNN), and the multi-item
gamma Poisson shrinker (MGPS) algorithms to investigate the
association between NSAIDs and the adverse reactions. The
equations and criteria for the four algorithms (15-23) are shown
in Table 1. These algorithms were extracted to measure the
strength of the association between drugs and adverse events,
and if one of the four algorithms met the criteria, it should be
considered a positive signal for SJS.

We calculated the onset time of SJS following acetaminophen,
ibuprofen, aspirin, diclofenac, and celecoxib, respectively, which
was defined as the interval between adverse event onset date and
start date of the administration. Reports with incorrect input or
incorrect data input were also excluded. In addition, mortality
would be defined as the number of fatal events divided by the
total number of NSAIDs-related SJS.

Statistical Analysis

Descriptive analysis was applied to summarize the clinical
characteristics of SJS patients resulting in NSAIDs from the
FAERS database. As the data were not normally distributed,
non-parametric tests (the Dunn’s multiple comparison test for
dichotomous variables and the Kruskal-Wallis test when there
were more than two subgroups of respondents) were used to
compare the time to onset of NSAIDs-associated SJS. Pearson’s
chi-square test or Fisher’s exact test was utilized to compare the
mortality and hospitalization rates between different NSAIDs.
The statistical significance was set at p < 0.001 with 95%
confidence intervals. All statistical analyses were performed using
GraphPad Prism 8 (GraphPad Software, CA, USA).

RESULTS

Disproportionality Analysis and Bayesian
Analysis

From January 2004 to March 2021, a total of 1876 cases
of SJS-related reports were recorded in the FAERS database.
Four hundred and seventy five cases of SJS associated with
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TABLE 1 | Summary of major algorithms used for signal detection.

Algorithms Equation* Criteria
ROR ROR = (a/b)/(c/d) 95% Cl>1,N>2
95%C| = NRORIE1.96(1/a+1/b+1/c+1/d)0.5
PRR PRR = (&/(a+c))/(b/(o+d)) PRR=2,x*=4,N=3
¥? = ¥((O-B)?/B); (O=a, E = (a+b)(a+c)/(a+b+c+d)
BCPNN IC = logoa(a+b+c+d)/((a+c)a+b)) 1C025 > 0
1C025 = gIC)—1.96(1/a+1/b+1/0+1/0) 0.5
MGPS EBGM = a(a+b+c+d)/((a+c)(a+b)) EBO5 > 2, N > 0

EBO5 = e\n(EBGM)— 1.64(1/a+1/b+1/c+1/d)*0.5

“a: number of reports containing both the suspect drug and the suspect adverse drug reaction. b: number of reports containing the suspect adverse drug reaction with other medications
(except the drug of interest). c: number of reports containing the suspect drug with other adverse drug reactions (except the event of interest). d: number of reports containing other
medications and other adverse drug reactions. ROR, reporting odds ratio; Cl, confidence interval; N, the number of co-occurrences; PRR, proportional reporting ratio; x2, chi-squared;
BCPNN, Bayesian confidence propagation neural network; IC, information component; IC025, the lower limit of the 95% two-sided ClI of the IC; MGPS, multi-item gamma Poisson

shrinker; EBGM, empirical Bayesian geometric mean; EBOS, the lower 90% one-sided Cl of EBGM.

TABLE 2 | Signal detection for NSAIDs-associated Stevens-Johnson syndrome.

Drugs N ROR PRR Ic EBGM
(95% two-sided CI) 3 (1C025) (EBGMO5)
APAP 475 4.65 (4.25,5.09) 4.62 (1324.31) 2.19 (2.00) 4.55 (4.22)
Ibuprofen 847 7.06 (6.59,7.56) 6.98 (4201.14) 2.76 (2.58) 6.78 (6.40)
Aspirin 173 2.75(2.37,3.2) 2.74 (190.68) 1.45 (1.25) 2.73 (2.41)
Diclofenac 202 2.54 (2.21,2.92) 2.53 (186.26) 1.33(1.16) 2.52 (2.24)
Celecoxib 179 2.54 (2.19,2.94) 2,53 (165.11) 1.33(1.15) 2,52 (2.23)

NSAIDs, non-steroidal anti-inflammatory drugs; APAP. acetaminophen; ROR, reporting odds ratio; Cl, confidence interval; PRR, proportional reporting ratio; x2, chi-squared; IC,

information component; EBGM, empirical Bayesian geometric mean.

acetaminophen (APAP) as a suspicious drug, 847 «cases
associated with ibuprofen, 173 cases associated with aspirin,
202 cases associated with diclofenac, and 179 cases associated
with celecoxib were identified. According to the standards
of the four algorithms, the severe skin adverse reaction
signals were detected for these five NSAIDs, respectively. As
shown in Table2, all of these five drugs had statistically
significant ROR, PRR, information component (IC), and
empirical Bayesian geometric mean (EBGM). Among them,
ibuprofen had the highest association with SJS based on
the highest ROR (ROR = 7.06, 95% two-sided CI = 6.59-
7.56), PRR (PRR = 6.98, x2 = 4201.14) and empirical Bayes
geometric mean (EBGM = 6.78, 95% one-sided CI = 6.40).
On the contrary, the lowest association with SJS was found
in celecoxib.

Descriptive Analysis

The baseline clinical characteristics are summarized in Table 3.
Except for the unspecified age, SJS was more likely to occur in
young patients (<18 years old) treated with ibuprofen (51.77%)
or acetaminophen (36.01%), while aspirin-associated SJS mostly
occurred in elderly patients (75-84 years old) (25.63%). In
terms of diclofenac and celecoxib, middle-aged patients (45—
64 years old) accounted for 34.29 and 47.62% of reported

cases respectively, accounting for the majority of the patients
in their different age groups. Except for the unspecified data,
females made up far more reports than males in the case of all
NSAIDs except for acetaminophen, especially celecoxib (68.94 vs.
31.06%), while the proportion of females and males were almost
equal in the case of acetaminophen (49.14 vs. 50.86%). As for
acetaminophen, ibuprofen, and aspirin, nearly half of the reports
were from Europe (43.74, 48.60, and 51.53%, respectively).
Diclofenac-associated SJS was mainly reported from Asia
(49.43%) and 85.63% of the reports of celecoxib-associated SJS
were from North America. Except for celecoxib, other health-
professional who were not the pharmacist or the physician
accounted for the majority of the reported cases (acetaminophen:
55.82%, ibuprofen: 41.20%, aspirin: 46.54%, diclofenac: 57.23%).
For celecoxib, physicians submitted 34.27% of reported cases,
which was only lower than the number of cases reported by
lawyers (36.36%).

Time to Onset of NSAIDs-Associated SJS

We described the time to onsets of SJS for NSAIDs in Figure 1.
According to the data, the median onset time of celecoxib-
associated SJS was 28 days [interquartile range (IQR) 5.75-
490.75], which was significantly longer than that of APAP-
(4 days, IQR 1.75-9.75), ibuprofen- (3 days, IQR 1-7) and

Frontiers in Pediatrics | www.frontiersin.org

May 2022 | Volume 10 | Article 896867


https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Shao et al.

NSAIDs-Related SJS

TABLE 3 | Clinical characteristics of patients with NSAIDs-associated Stevens-Johnson syndrome collected from the FAERS database (January 2004 to March 2021).

Characteristics

Reports (N, %)

Acetaminophen Ibuprofen Aspirin Diclofenac Celecoxib
Patient age (year)
<18 130 (27.37) 337 (39.69) 1(12.07) 12 (5.94) 0(0.00)
18-44 120 (25.26) 218 (25.68) 0 (17.24) 52 (25.74) 15 (8.38)
45-64 48 (10.11) 39 (4.59) 31(17.82) 60 (29.70) 40 (22.35)
65-74 24 (5.05) 9 (2.24) 7 (15.52) 30 (14.85) 12 (6.70)
75-84 34 (7.16) 30 (3.59) 1(23.56) 10 (4.95) 14 (7.82)
>84 5 (1.05) 8(0.94) 10 (5.75) 1(5.45) 3(1.68)
Unknown 114 (24.00) 198 (23.32) 14 (8.05) 27 (13.37) 95 (53.07)
Patient gender
Female 172 (36.21) 427 (50.29) 102 (58.62) 106 (52.48) 111 (62.01)
Male 178 (37.47) 291 (34.28) 66 (37.93) 86 (42.57) 50 (27.93)
Unknown 125 (26.32) 131 (15.43) 6 (3.45) 10 (4.95) 18 (10.06)
Area
Africa 16 (3.37) 4(0.47) 7(4.02) 2(0.99) 0 (0.00)
Asia 168 (35.37) 70 (8.24) 60 (34.48) 87 (43.07) 11(6.15)
Europe 199 (41.89) 398 (46.88) 84 (48.28) 61 (30.20) 6 (3.35)
Oceania 2(0.42) 7 (2.00) 1(0.57) 0 (0.00) 4 (2.23)
North America 67 (14.11) 308 (36.28) 1(6.32) 24 (11.88) 137 (76.54)
South America 3(0.63) 2 (2.59) 0 (0.00) 2(0.99) 2(1.12
Unknown 20 (4.21) 30 (3.53) 1(6.32) 26 (12.87) 19 (10.61)
Reporters
Consumer 24 (5.05) 113 (13.31) 29 (16.67) 21 (10.40) 21 (11.79)
Lawyer 1(0.21) 45 (5.30) 0 (0.00) 1(0.50) 52 (29.05)
Pharmacist 14 (2.95) 39 (4.59) 4 (2.30) 6(2.97) 4(2.23)
Physician 147 (30.95) 214 (25.21) 52 (29.89) 40 (19.80) 49 (27.37)
Other health-professional 235 (49.47) 288 (33.92) 74 (42.53) 91 (45.05) 17 (9.50)
Unknown 54 (11.37) 150 (17.67) 15 (8.62) 43 (21.29) 36 (20.11)
Outcome event
Congenital anomaly 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 1(0.56)
Death 46 (9.73) 58 (6.87) 34 (19.65) 50 (25.00) 21 (11.80)
Disability 17 (3.59) 4(8.77) 3(1.73) 7 (3.50) 19 (10.67)
Hospitalization-initial or prolonged 320 (67.65) 669 (79.27) 4 (48.55) 117 (58.50) 84 (47.19)
Life-threatening 92 (19.45) 234 (27.73) 50 (28.9) 47 (23.50) 8(10.11)
Other serious (Important medical event) 235 (49.68) 420 (49.76) 59 (84.1) 120 (60.00) 147 (82.58)
Required intervention to prevent permanent impairment/Damage 0 (0.00) 6 (1.90) 0 (0.00) 1(0.50) 5(2.81)

NSAIDs, non-steroidal anti-inflammatory drugs; FAERS, FDA Adverse Event Reporting System.

diclofenac-related SJS (3 days, IQR 0-21) (Dunn’s multiple
comparison test, p < 0.001). Meanwhile, the median onset
time of aspirin-associated SJS was 17.5 days (IQR 7.25-
28.75), which was also longer than that of the three drugs
mentioned above (Dunn’s multiple comparison test, p < 0.001).
However, there was no significant difference between aspirin-
related SJS and celecoxib-related SJS. In addition, the average
time to onset of celecoxib-associated SJS (317.56 days) and
aspirin-associated SJS (81.34 days) was significantly different
from that of APAP (7.10 days), ibuprofen (26.33 days) and
diclofenac (35.84 days) (Dunn’s multiple comparison test,
p < 0.001).

Fatality and Hospitalization Due to

NSAIDs-Associated SJS

The rate of fatality and hospitalization due to SJS following
NSAIDs were assessed to analyze the prognosis of NSAIDs-
associated severe skin adverse reactions. The hospitalization rate
of ibuprofen-associated SJS was 79.27%, ranking first among the
five NSAIDs with absolute advantage (acetaminophen: 67.65%,
diclofenac: 58.5%, celecoxib: 47.19%, aspirin: 48.55%) and there
were significant differences between ibuprofen and the remaining
four NSAIDs (Fisher’s exact test, p < 0.001). However, the
mortality rate of SJS caused by ibuprofen is 6.87%, which was
significantly lower than that of aspirin-associated SJS (19.65%)
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FIGURE 1 | Time to event onset of Stevens-Johnson syndrome following different non-steroidal anti-inflammatory drugs.
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and diclofenac-associated SJS (25.00%) (Fisher’s exact test, p <
0.001). There was no significant difference between SJS caused by
aspirin and diclofenac.

DISCUSSION

To the best of our knowledge, this study is the largest collection
based on the FAERS pharmacovigilance database from January
2004 to March 2021, describing the differences in the vulnerable
population, onset time, and adverse outcomes of SJS following
NSAIDs (acetaminophen, ibuprofen, aspirin, diclofenac,
and celecoxib) in real-world practice. Non-steroidal anti-
inflammatory drugs, especially the COX-2 specific inhibitors,
were predominantly suspected of triggering SJS (24). However,
most previous studies were based on case report series (25, 26),
or only focused on a small sample of people in a specific area
(27-29). There has been a previous study based on the FAERS
database (30), but only some reports of S-NSAIDs in the 2 years
after their marketing (up to March 2004) were studied. Therefore,
they did not discuss the characteristics of SJS following NSAIDs
(both selective and non-selective) from a more comprehensive
perspective, nor did they compare SJS following these drugs
among these drugs.

Current studies have identified NSAIDs as a suspected cause
of SJS (25). Sequelae of Stevens-Johnson syndrome are rare.
Reports of SJS caused by these five NSAIDs have only appeared
since 2005, and the total number of reports so far is still
small. Since there is no specific treatment other than to relieve
symptoms, SJS can be life-threatening once it occurs (31). Non-
steroidal anti-inflammatory drugs have been widely used for a
long time, not only as prescription drugs but also as over-the-
counter. Stevens-Johnson syndrome, as one of its serious skin
adverse reactions, has a low incidence, but the pain brought by
SJS and its sequelae to patients still cannot be ignored.

The mechanism of NSAIDs-associated SJS has not been
determined so far. It is hypothesized that liver injury causes toxic
retinoid compounds to overflow into the circulation, leading to
an endogenous form of hypervitaminosis A and widespread cell
apoptosis mediated by granular globulin, eventually manifesting
as SJS/TEN (32). Meanwhile, NSAIDs are a leading cause of
liver injury across the world (33). Based on the above two
points, the reason why NSAIDs lead to SJS is that NSAIDs cause
initial damage, which then leads to mitochondrial permeability
transformation, and eventually leads to hepatocyte necrosis or
apoptosis (34), which finally leads to SJS through the pathways
mentioned above. It has also been found that the drug can
induce keratinocytes to express the death receptor CD95 (Fas)
and its ligand (Fas L), thus significantly increasing the expression
of TNF-a, perforin and granzyme B, eventually leading to cell
necrosis (35, 36). In addition, the most common drugs related to
SJS are the sulfonamide antibiotics (5), so aspirin and celecoxib
may be related to SJS due to its sulfonamide moieties.

According to epidemiological results, although all age groups
may be affected, the main population still has different priorities.
This may be associated with the difference in the population to
which they apply. Celecoxib is not recommended for patients
younger than 18 years old and therefore there is no data for
this age group of patients with celecoxib-associated SJS. Because
the World Health Organization (WHO) only recommends
acetaminophen and ibuprofen as antipyretic drugs for children,
children with fevers are more likely to be exposed to them than
other age groups. In addition, because the livers of children
are not fully developed and various drug-metabolizing enzymes
are not yet complete, they are more likely to develop NSAIDS
induced liver damage, which can lead to the progression of SJS.
Thus, patients younger than 18 years old are more likely to
have SJS. Although aspirin is an antipyretic analgesic drug, it
is also often used to reduce the risk of myocardial infarction
in patients with cardiovascular risk factors (37). Aging will lead
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to the decline of liver function in patients (38), which provides
an opportunity for the occurrence and development of SJS.
At the same time, aspirin might accumulate in the body due
to the decreased kidney function in older adults with chronic
cardiovascular disease. Thus, aspirin-related SJS are more likely
to occur in elder patients.

Based on the FAERS database, the median and average time to
onset of severe skin adverse reactions for celecoxib and aspirin
were significantly longer than those of APAP, ibuprofen, and
diclofenac. However, there is no significant difference between
celecoxib and aspirin, or among APAP, ibuprofen, and diclofenac.
It may be less convincing to use selective inhibition of COX-
2 directly as the cause of the difference in onset. Studies
have found that the same patient groups are affected after the
use of NS-NSAIDs and S-NSAIDs (25). In addition, aspirin
is a non-selective COX inhibitor and celecoxib is a selective
COX inhibitor, and the difference between the two does not
make a significant difference. However, the median onset time
of APAP- and ibuprofen-related SJS, both NSAIDs, is one-
fourth to one-fifth that of aspirin-related SJS. From another
perspective, we could infer the difference in onset time from
the difference in their chemical structure. Aspirin and celecoxib
contain sulfonamide moieties whereas the other three drugs do
not. The most common drugs that cause SJS are sulfonamide
antibiotics, whether it means that sulfa drugs can preserve the
potential for serious skin adverse events for a longer period
of time. All of this still requires future experiments or longer
observations to prove.

According to current research, Stevens-Johnson syndrome
usually means an adverse outcome (hospitalization or death).
More than almost half of the patients with NSAIDs-associated
SJS are likely to be hospitalized, especially ibuprofen (79.27%)
and acetaminophen (67.65%). There were significant differences
between ibuprofen and the remaining four NSAIDs (Fisher’s
exact test, p < 0.001). Again, this requires special attention in
pediatric patients. The young age and short onset time, coupled
with the lack of good treatment for SJS itself, may lead to more
children being hospitalized. However, the mortality rate of SJS
following ibuprofen is 6.87%, which was significantly lower than
that of aspirin-associated SJS (19.65%) (Fisher’s exact test, p <
0.001). This may be because aspirin affects mainly the elderly and
the patients it treats are more likely to have cardiovascular disease
risk factors and are more likely to die with poorer underlying
health conditions. However, it should be noted that SJS itself lacks
targeted treatments other than symptom relief, so caution should
be exercised regardless of the mortality rate in this study.

Despite the advantages of real-world research and the data
mining techniques in this study, inevitably, there are some
limitations to this study. First, the signals obtained through
Bayesian analysis and disproportionate analysis can only prove
that there is a correlation between NSAIDs and SJS, but cannot
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