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ABSTRACT

To date, no reports of hypersensitivity reactions (HSRs) among nonsteroidal

anti-inflammatory drugs (NSAIDs) according to cyclo-oxygenase (COX) selectivity

and chemical groups have been published in a single study. The present study

assessed the reporting frequency of HSRs for NSAIDs based on their relative inhibi-

tory potency toward COX enzymes and chemical groups, including the presence/

absence of a functional sulfonamide group, in strata observed 5 years after market

authorization. A case/noncase study was performed among individual case safety

reports (ICSRs) with NSAIDs as suspected drugs in VigiBase, the WHO spontaneous

reporting database. Cases were ICSRs mentioning angioedema and anaphylactic/

anaphylactoid shock conditions, while noncases were ICSRs without HSRs. NSAIDs

were categorized into (i) NSAIDs with high COX-2 selectivity (coxibs), (ii) noncoxib

NSAIDs with COX-2 preference, (iii) NSAIDs with poor selectivity, or (iv) NSAIDs

with unknown selectivity. Chemical groups were defined based on the Anatomical

Therapeutic Chemical classification system and the presence/absence of a func-

tional sulfonamide group. Reporting odds ratios (RORs) and 95% confidence inter-

vals (95% CIs) were calculated using logistic regression analysis. We identified

13 229 cases and 106 444 noncases. In the first 5 years after marketing, poor-

selectivity NSAIDs and acetic acid derivatives were associated with the highest

ROR of HSRs (age- and sex-adjusted ROR 2.12, 95% CI 1.98–2.28; and ROR 2.21,

95% CI 1.83–2.66, respectively) compared with coxibs, and sulfonamide NSAIDs

were associated with the highest ROR of HSRs compared with nonsulfonamide

NSAIDs (age- and sex-adjusted ROR 1.38, 95% CI 1.29–1.47). After the first

5 years of marketing, most of the RORs returned to approximately 1.

INTRODUCT ION

Nonsteroidal anti-inflammatory drugs (NSAIDs) are

the drugs most often reported to be associated with

adverse drug reactions (ADRs) [1,2]. This group of

drugs may cause various types of hypersensitivity

reactions (HSRs) and be classified into either allergic

reactions or nonallergic reactions with similar symp-

toms, that is, pseudoallergic (anaphylactoid reactions)

[3,4].
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Both clinical trials and observational studies have shown

that cyclo-oxygenase (COX) selectivity and NSAID chemi-

cal groups are associated with differences in sensitizing

capacities and risk of hypersensitivity. Selective COX-2

inhibitors were associated with a lower hospitalization risk

for angioedema compared with nonselective NSAIDs [5]

and well tolerated by patients with angioedema and urti-

caria attributable to the administration of nonselective

NSAIDs [6–10]. A pharmacovigilance study in the Nether-

lands showed that among all chemical groups of NSAIDs,

propionic acid derivatives (PADs) and acetic acid deriva-

tives (AADs) were associated with a higher risk of anaphy-

laxis compared with nonuse [11]. The presence of a

sulfonamide functional group in the chemical structure of

NSAIDs is also suspected to influence the risk of HSRs [12].

Many studies have investigated the association between

NSAIDs and risk of HSRs. These studies differed in study

design and definitions of exposure, and none of them eval-

uated the above-mentioned exposure classifications in a

single study. Therefore, the present study was aimed to

evaluate the association between NSAIDs, classified by

their COX selectivity and chemical groups, including the

presence of a sulfonamide functional group, and HSRs as

reported in VigiBase using a single-study design.

MATER IALS AND METHODS

Setting

The study used coded fields from the WHO global indi-

vidual case safety report (ICSR) database, VigiBase,

which stores reports on suspected ADRs submitted

since 1968. In 1978, VigiBase was transferred from

the WHO to the Uppsala Monitoring Centre (UMC) in

Sweden. Currently, >150 countries are members of the

WHO Programme for International Drug Monitoring

and contribute reports from their respective national

ADR reporting system.

Information from contributing countries is heteroge-

neous, but several items must be included: patient

demographics (age, sex, and reporting countries), ADRs

(onset, duration, and causality assessment), suspected

drugs (route of administration, dates of first intake and

discontinuation, dosing regimen, and co-medications),

and administrative data (type of report, reporters, and

source). Unfortunately, such information is often miss-

ing. Duplication is detected by checking case identifiers,

manual inspection of case series, and specific statistical

algorithms. The reported drugs are encoded using the

WHO Drug Dictionary Enhanced, which uses the WHO

Anatomical Therapeutic Chemical (ATC) classification.

ADRs are encoded in the WHO Adverse Reaction

Terminology (WHO-ART) and the Medical Dictionary

for Regulatory Activities (MedDRA) in parallel. The

MedDRA is used to assess medical issues involving a

system, organ, or etiology using its hierarchical struc-

ture or through the distinctive features of Standardized

MedDRA Queries (SMQs) [13,14]. By June 2016, >13
million ICSRs were recorded.

Design

We performed a case/noncase study using data from

1978 to June 2016. We nested our study among ICSRs

with an NSAID as a suspected drug. Only individual

NSAIDs with first market approval after 1977 were

included. Information on the date of market approval

for an individual NSAID was obtained from the US

Food and Drug Administration (FDA), the European

Medicines Agency (EMA), and the Pharmaceutical and

Medical Devices Agency (PMDA), Japan. ICSRs with

missing information on age, sex, or date of ADR occur-

rence were excluded.

Definitions of cases and noncases

Hypersensitivity reaction cases were defined as ICSRs

for angioedema and anaphylactic/anaphylactoid shock

conditions using relevant SMQ codes, including

40 and 9 narrow scopes of MedDRA preferred terms

(PTs), respectively (Table S1). The narrow scope

refers to most likely HSRs that give a high specificity.

Noncases were ICSRs without HSRs with an NSAID

as a suspected drug. As each NSAID-associated ICSR

contributed only once, a single ICSR with multiple

ADRs was considered a case if one of these ADRs

was a HSR and as a noncase if none of these was a

HSR.

Drugs of interest

Nonsteroidal anti-inflammatory drugs were categorized

based on both COX selectivity and chemical groups.

The COX selectivity was defined based on their relative

inhibitory potency toward COX enzymes as the ratios

of 80% inhibitory concentration (IC80) against COX-2

and COX-1 enzymes [15–21]. The 50% inhibitory con-

centration (IC50) values are often used when compar-

ing the potencies of NSAIDs against COX-1 and COX-2

with the following assumptions: The inhibitory curves

should be preferably parallel and NSAIDs produce a

50% or lower reduction in prostanoid formation at

therapeutic doses. However, as IC50 does not meet

these assumptions, IC80 is a more valid approach to
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compare the potency of NSAIDs [15]. It includes the

following: (i) coxibs, that is, NSAIDs based on the

Anatomical Therapeutic Chemical (ATC) classification

system that inhibit both COX-2 and COX-1 with high

selectivity toward COX-2 by five times or more; (ii)

noncoxib NSAIDs based on ATC classification that inhi-

bit COX-2 and COX-1 with high selectivity toward

COX-2 by five times or more; (iii) NSAIDs that inhibit

both COX-2 and COX-1 with selectivity toward COX-2

enzyme by five times or less (poor selectivity); and (iv)

NSAIDs without information available on COX inhibi-

tory potency. Individual NSAIDs under each category

are shown in Table S2. Chemical groups of NSAIDs

were categorized based on the ATC classification, that

is, butylpyrazolidines, AADs, oxicams, PADs, fena-

mates, coxibs, and other NSAIDs (i.e., NSAIDs that are

not classified elsewhere). Based on the presence of a

sulfonamide functional group, NSAIDs were categorized

into (i) sulfonamide NSAIDs (i.e., oxicam group, cele-

coxib, valdecoxib, polmacoxib, parecoxib, and nime-

sulide) and (ii) nonsulfonamide NSAIDs (i.e., acetic acid

and propionic acid derivatives, butylpyrazolidine and

fenamate groups, rofecoxib, etoricoxib, lumiracoxib,

nabumetone, niflumic acid, azapropazone, and proqua-

zone). Concomitant use of two or more NSAIDs was

excluded.

Data analyses

We calculated reporting odds ratios (RORs) as a mea-

sure of disproportionality. Analogous to a case–control
study, a ROR was calculated by dividing the exposure

odds among cases divided by the exposure odds in non-

cases [22]. To minimize the effect of underreporting of

ADRs, we considered time after market approval of a

NSAID in the analyses. Even though the Weber effect

is described as ADR reports that peak at the second

year after drug approval, other studies showed that

ADR reports still increase up to 5 years [23,24]. We

calculated RORs in three strata of 5 years after market

approval to ensure that time after market approval did

indeed contribute to ROR differences. Any NSAID-asso-

ciated ICSRs that were reported after this period were

excluded. We stratified our analyses to the most

reported HSRs (urticaria, angioedema, and anaphylactic

shock), age, sex, and reporting countries. Reports from

the United States were analyzed separately because

these reports (i) were submitted by healthcare profes-

sionals (such as physicians, pharmacists, nurses, and

others) as well as consumers (such as patients, family

members, lawyers, and others), while from non-US

countries reports were submitted mostly by healthcare

professionals, (ii) also come from other countries

because of industry reports with head offices located in

the United States, and (iii) contributed to the highest

proportion of reports in VigiBase. Coxibs were the refer-

ence group in the analyses based on COX selectivity

and chemical groups, and nonsulfonamide NSAIDs were

the reference group for sulfonamide NSAIDs. If the

proportion of individual NSAIDs that caused HSRs was

>2%, these NSAIDs were further analyzed. Rofecoxib

was used as the reference group because it had the

most favorable tolerability for patients intolerant of

NSAIDs [25,26]. As rofecoxib was approved in 1999

and then withdrawn in 2004, RORs for individual

NSAIDs were calculated only for 5 years after market-

ing. Crude and age- and sex-adjusted RORs and 95%

confidence intervals (95% CIs) were determined using

logistic regression analysis. The statistical package SPSS

version 24 was used to perform data analyses, and P

values <0.05 were considered statistically significant.

Sensitivity analysis

In sensitivity analyses, to test the robustness of our

main findings, a broad scope of PT SMQs of HSRs was

used to calculate the RORs. The broad scope includes

terms that are often less likely to represent the out-

come of interest, but gives high sensitivity, including

52 and 21 broad scopes for angioedema and anaphy-

lactic/anaphylactoid shock conditions, respectively

(Table S2).

RESULTS

By June 2016, VigiBase contained 394 957 ICSRs

where an NSAID was a suspected drug. After excluding

ICSRs reported before 1978, those without information

on sex, age, or onset date, NSAIDs without information

on the market authorization, NSAIDs with >15 years

after market approval, and concomitant use of two or

more NSAIDs, 119 673 ICSRs remained, including

13 229 HSR cases and 106 444 non-HSR cases. The

inclusion flow diagram is presented in Figure 1. The

mean age of the cases was lower than that of the non-

cases (47.8 vs. 57.8 years). Most of the cases and non-

cases were aged <60 years (75 vs. 52.2%) and female

(69.4 vs. 64%). The most significant number of

NSAID-associated ICSRs originated from the United

States (29.2%), followed by the United Kingdom

(12.2%), Thailand (7.6%), South Korea (5.9%), and

Singapore (4.9%). Among these countries, a NSAID as
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a suspected drug associated with HSRs was found

mostly in Thailand. When ignoring the date of market

authorization, NSAIDs with poor selectivity were more

likely to be a suspected drug among cases (58.3%),

while coxibs were more likely to be suspected drugs

among noncases (47.5%). According to chemical

groups, coxibs were more likely to be suspected drugs

among both cases and noncases (27.9 and 47.5%,

respectively). In addition, nonsulfonamide NSAIDs were

more likely to be suspected drugs among both cases

and noncases (61.4 and 62.4%, respectively). Hetero-

geneity was found in the proportion of cases and non-

cases for the reporting countries and NSAIDs according

to either COX selectivity or chemical groups

(P < 0.05). The characteristics of ICSRs are shown in

Table 1.

Within 5 years after market approval, NSAIDs with

poor COX selectivity as suspected drugs were associated

with the highest ROR of HSRs (age- and sex-adjusted

ROR 2.12, 95% CI 1.98–2.28) compared with coxibs.

Of NSAIDs with unknown selectivity, no ICSRs were

reported within 10 years after market approval

(Figure 2a and Table S3a). As suspected drugs, out of

all the NSAID chemical groups, AADs, fenamates, and

PADs were associated with the highest RORs (age- and

sex-adjusted ROR 3.07, 95% CI 2.83–3.33; ROR 2.21,

95% CI 1.83–2.66; and ROR 1.93, 95% CI 1.69–2.19)
compared with coxibs (Figure 2b and Table S3b), and

sulfonamide NSAIDs were associated with a higher

ROR (age- and sex-adjusted ROR 1.38, 95% CI 1.29–
1.47) compared with nonsulfonamide NSAIDs

(Figure 2c and Table S3c). After the first 5 years of

marketing, most of the RORs returned to approxi-

mately 1. Among individual NSAIDs, tolmetin, zome-

pirac, and loxoprofen were associated with the highest

RORs (age- and sex-adjusted ROR 12.83, 95% CI

10.53–15.64; ROR 11.26, 95% CI 9.89–12.81; and

ROR 5.73, 95% CI 4.64–7.09) as suspected drugs com-

pared with rofecoxib (Table S3d).

RORs stratified by individual HSRs, reporting
countries, sex, and age

The RORs of most frequently reported HSRs (urticaria,

angioedema, and anaphylactic shock) were similar to

the composite of all HSRs for NSAIDs based on either

COX-2 selectivity, chemical groups, or individual

• NSAIDs-associated ICSRs without 
available information on market 
approval,  n = 95 243

• Concomitant use of two or more 
NSAIDs,  n = 6 081

• NSAIDs-associated ICSRs reported 
>15 years after market 
authorization,  n = 22 474

ICSRs where NSAIDs are suspected 
drugs, n = 394 957

NSAIDs-associated ICSRs with 
complete information on age and

sex,  n = 331 596

NSAIDs-associated ICSRs without 
information on sex and/or age, n = 63 361

NSAIDs-associated ICSRs reported 
since VigiBase was maintained by 

UMC with information on the
onset date of ADRs,  n = 243 471

NSAIDs-associated ICSRs included in the 
analysis,  n = 119 673

(cases = 13 229 and noncases = 106 444)

• NSAIDs-associated ICSRs reported 
before VigiBase was maintained by 
UMC (<1978),  n = 2 613

• NSAIDs-associated ICSRs without 
information on the onset date of 
ADRs,  n = 85 512 

Figure 1 Flowchart describing the

inclusion of ICSRs. ADRs, adverse drug

reactions; ICSRs, individual case safety

reports; NSAIDs, nonsteroidal anti-

inflammatory drugs; UMC, Uppsala

Monitoring Centre.
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NSAIDs, except for ROR of anaphylactic shock for sul-

fonamide NSAIDs. Within 5 years after marketing, sul-

fonamide NSAIDs were associated with a similar ROR

of anaphylactic shock compared with nonsulfonamide

NSAIDs (Tables S4a–d, S5a–d and S6a–d). Different

reporting countries were associated with different RORs

for NSAID use based on both COX selectivity and the

presence or absence of a sulfonamide group, but not

on chemical groups or individual NSAIDs. For non-US

reports, noncoxib NSAIDs with COX-2 preference and

NSAIDs with poor selectivity were associated with simi-

lar RORs, but for US reports, these groups were

associated with higher RORs compared with coxibs.

For non-US reports, sulfonamide NSAIDs were associ-

ated with a higher ROR, but for US reports, this group

was associated with a similar ROR compared with

nonsulfonamide NSAIDs (Table S7a–d). Finally, differ-

ences in age and sex generally were not associated with

differences in the RORs (Tables S8a–d and S9a–d).

Sensitivity analyses

Using a broad scope of HSRs to assess the RORs for

NSAIDs, the main findings showed similar results

(Table S10a–d).

DISCUSS ION

Our results show that COX selectivity and chemical

groups of NSAIDs, as well as time after market autho-

rization, contribute to the differences in the reporting

of HSRs for NSAID use. In the first 5 years after mar-

keting, as suspected drugs, NSAIDs with poor COX

Table I Characteristics of ICSRs where NSAIDs are a suspected drug with hypersensitivity reactions (cases) and without hypersensitivity

reactions (noncases).

Cases (n = 13 229) Noncases (n = 106 444) P value

Age, years (mean � SD) 47.8 � 17.6 57.8 � 18.2 0.000*

Adults (<60 years old), n (%) 9 926 (75.0) 55 544 (52.2) 0.000*

Elderly (≥60 years old), n (%) 3 303 (25.0) 50 900 (47.8)

Sex

Female, n (%) 9 180 (69.4) 68 149 (64.0) 0.000*

Male, n (%) 4 049 (30.6) 38 295 (36.0)

Reporting NSAID use according to COX selectivity

Coxibs, n (%) 3 689 (27.9) 50 596 (47.5) 0.000*

NSAIDs with poor selectivity, n (%) 7 706 (58.3) 41.123 (38.6)

Noncoxib NSAIDs with COX-2 preference, n (%) 1 741 (13.2) 13 680 (12.9)

Unknown potency, n (%) 93 (0.7) 1 045 (1.0)

Reporting NSAID use according to chemical groups

Coxibs, n (%) 3 689 (27.9) 50 596 (47.5) 0.000*

Oxicams, n (%) 3 006 (22.7) 20 290 (19.1)

Acetic acid derivatives and related substances, n (%) 2 754 (20.8) 16 389 (15.4)

Fenamates, n (%) 2 427 (18.3) 6 820 (6.4)

Propionic acid derivatives, n (%) 669 (5.1) 5 405 (5.1)

Butylpyrazolidines, n (%) 132 (1.0) 1 096 (1.0)

Other NSAIDs, n (%) 552 (4.2) 5 848 (5.5)

Reporting NSAID use according to the presence/absence of sulfonamide group

Nonsulfonamide NSAIDs, n (%) 8 124 (61.4) 66 380 (62.4) 0.033*

Sulfonamide NSAIDs, n (%) 5 105 (38.6) 40 064 (37.6)

Reporting countries

Thailand, n (%) 3 268 (24.7) 5 812 (5.5) 0.000*

United States, n (%) 2 210 (16.7) 32 779 (30.8)

Singapore, n (%) 1 496 (11.3) 4 388 (4.1)

Great Britain, n (%) 971 (7.3) 13 634 (12.8)

South Korea, n (%) 905 (6.8) 6 176 (5.8)

Other countries, n (%) 4 379 (33.1) 43 655 (41.0)

COX, cyclo-oxygenase; ICSRs, individual case safety reports; NSAIDs, nonsteroidal anti-inflammatory drugs.

*Statistically significant (P < 0.05).
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selectivity were associated with the highest ROR com-

pared with coxibs. This group was also associated

with the highest ROR of urticaria and angioedema

compared with coxibs. As suspected drugs, of all

chemical groups, AADs, fenamates, and PADs when

compared with coxibs, and sulfonamide NSAIDs when

compared with nonsulfonamide NSAIDs, were associ-

ated with higher RORs. Among individual NSAIDs,

tolmetin and zomepirac (AADs) and loxoprofen (a

PAD) were associated with the highest RORs com-

pared with rofecoxib. Our sensitivity analyses sup-

ported these findings.

Our findings are in line with previous studies. The

risk of hospitalization for angioedema was higher for

nonselective NSAIDs compared with selective COX-2

inhibitors [5]. Celecoxib (a sulfonamide NSAID) had a

higher risk of urticaria compared with rofecoxib (a

nonsulfonamide NSAID), although both drugs belong

to the coxib group [12]. In addition, zomepirac was

associated with a high risk of allergy and anaphylaxis

compared with other NSAIDs [27,28].

Both nonallergic and allergic mechanisms might trig-

ger NSAID-associated HSRs. The inhibition of COX-1

enzyme alters eicosanoid biosynthesis, leading to a

0–5 years 5–10 years 10–15 years
Cases 

(n = 4 196)
Non-Cases 
(n = 56 477)

Cases 
(n = 1 706)

Non-Cases 
(n = 13 013)

Cases 
(n = 1 804)

Non-Cases 
(n = 12 854)

Coxibs
Cases/non-cases, n (%) 2 226 (53.1) 40 743 (72.1) 629 (36.9) 4 257 (32.7) 715 (39.6) 4 565 (35.5)
Crude RORs/Age- and sex-adjusted RORs 1 1 1 1 1 1

NSAIDs with poor selectivity
Cases/non-cases, n (%) 1 524 (36.3) 11 147 (19.7) 680 (39.9) 5 467 (42.0) 716 (39.7) 6 074 (47.3)

Crude RORs/Age- and sex-adjusted RORs 2.50
(2.34–2.68)*

2.12
(1.98–2.28)*

0.84 
(0.75–0.95)*

0.84 
(0.74–0.94)*

0.75 
(0.67–0.84)*

0.70 
(0.63–0.78)*

Noncoxib NSAIDs with COX-2 preference
Cases/non-cases, n (%) 446 (10.6) 4 587 (8.1) 397 (23.3) 3 285 (25.2) 358 (19.8) 2 142 (16.7)

1.57

0.78

1.00
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Time after market approval (years)

Noncoxibs NSAIDs with COX-2 preference

NSAIDs with poor selectivity

NSAIDs with unknown potency

*

*
*

*

*

Crude RORs/Age- and sex-adjusted RORs 1.78 
(1.60–1.98)*

1.57 
(1.41–1.75)*

0.82 
(0.72–0.94)*

0.78 
(0.68–0.90)*

1.07 
(0.93–1.22)

1.00 
(0.87–1.15)

NSAIDs with unknown potency 
Cases/non-cases, n (%) 0 (0.0) 0 (0.0) 0 (0.0) 4 (0.0) 15 (0.8) 73 (0.6)

Crude RORs/Age- and sex-adjusted RORs NA NA NA NA 1.31 
(0.75–2.30)

1.27 
(0.72–2.24)

(a)

Figure 2 (a) Reporting odds ratios of hypersensitivity reactions for any NSAIDs according to cyclo-oxygenase selectivity with coxibs as a

reference group. (b) Reporting odds ratios of hypersensitivity reactions of any NSAIDs according to chemical groups with coxibs as a

reference group. (c) Reporting odds ratios of hypersensitivity reactions for any NSAIDs according to the presence/absence of sulfonamide

groups with nonsulfonamide NSAIDs as a reference group. AADs, acetic acid derivatives and related substances; COX-2, cyclo-oxygenase-

2; NA, not applicable; NSAIDs, nonsteroidal anti-inflammatory drugs; PADs, propionic acid derivatives; RORs, reporting odds ratios.

*Statistically significant (P < 0.05).
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disruption of the arachidonic acid pathway. This

induces an imbalance of prostaglandins and cysteinyl

leukotriene that is responsible for the clinical features

of HSRs [29,30]. The presence of an N1 heterocyclic

ring and an arylamine group at the N4 position in a

sulfonamide group is expected to be responsible for

HSRs in sulfonamide chemotherapeutics. This structure

triggers mast cells to release IgE [31,32]. However, as

most sulfonamide NSAIDs do not contain this struc-

ture, the risk of HSRs probably involves other factors

such as the effect of other chemical structures in the

sulfonamide group and the involvement of non-type I

immune responses. Parent sulfonamide or its reactive

metabolite can cause tissue damage or stimulate

0–5 years 5–10 years 10-15 years
Cases

(n = 4 196)
Non-cases
(n = 56 477)

Cases
(n = 1 706)

Non-cases
(n = 13 013)

Cases
(n = 1 804)

Non-cases
(n =  12 854) 

Coxibs
Cases/non-cases, n (%) 2 226 (53.1) 40 743 (72.1) 629 (36.9) 4 257 (32.7) 715 (39.6) 4 565 (35.5)
Crude RORs/Age- and sex-
adjusted RORs 1 1 1 1 1 1

Oxicams
Cases/non-cases, n (%) 371 (8.8) 5 270 (9.3) 347 (20.3) 4 009 (30.8) 424 (23.5) 2 983 (23.2)
Crude RORs/Age- and sex-
adjusted RORs

1.29 
(1.15–1.44)*

1.18 
(1.05–1.32)*

0.59 
(0.51–0.67)*

0.62 
(0.54–0.71)*

0.91 
(0.80–1.03)

0.91 
(0.80–1.04)

Acetic acid derivatives and related 
substances

Cases/non-cases, n (%) 1 047 (25.0) 5 299 (9.4) 236 (13.8) 852 (6.5) 333 (18.5) 3 059 (23.8)
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(1.59–2.22)*

2.02 
(1.70–2.39)*

0.70 
(0.61–0.80)*

0.65 
(0.57–0.75)*

Fenamates
Cases/non-cases, n (%) 142 (3.4) 899 (1.6) 121 (7.1) 548 (4.2) 135 (7.5) 554 (4.3)
Crude RORs/Age- and sex-
adjusted RORs

2.89 
(2.41–3.47)*

2.21 
(1.83–2.66)*

1.49 
(1.21–1.85)*
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(0.83–1.29)
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1.02 
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Propionic acid derivatives
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(0.56–2.16)

0.93 
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cellular or humoral immunity, such as T cells, to initi-

ate an immune response toward haptenation or anti-

gen. HSRs might also more likely occur among those

with atopy [31,33].

Several other factors might also influence the report-

ing of ADRs next to time after marketing. First, mild

ADRs such as urticaria and ADRs that are already

included in the summary of product characteristics

(SmPC) are less likely to be reported [34]. Second, sev-

eral NSAIDs have been withdrawn from the market

during the observation time. From 1982 to 2004,

benoxaprofen, oxyphenbutazone, indoprofen, suprofen,

pirprofen, fenclofenac, zomepirac, isoxicam, and rofe-

coxib were withdrawn because of various serious ADRs

[28]. Moreover, an individual NSAID is often not mar-

keted in the same year in different countries. For exam-

ple, celecoxib was approved in 1998 for the US market

and in 2000 for the Dutch market. Third, when the

WHO Programme for International Drug Monitoring

was launched in 1968, only 10 countries participated,

but currently, VigiBase contains data from >150 coun-

tries [13,14]. Finally, an alert from regulatory authori-

ties or media attention on safety issues might have a

direct and substantial impact on reporting and clinical

practice, such as a decrease in drug prescription or uti-

lization [35–37].
For US reports, we found differences in RORs of

HSRs for sulfonamide NSAIDs compared with our pri-

mary analyses. Differences in reporting habits and eth-

nicity [38,39] might explain these differences as well

as NSAID sales and consumptions between countries.

For example, only celecoxib among coxibs is still avail-

able in the US market [40,41].

Strengths and limitations

The strengths of this study are as follows: First, Vigi-

Base contains a large number of spontaneous reporting

data collected from national pharmacovigilance centers

0-5 years 5-10 years 10-15 years
Cases

(n = 4 196)
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Crude RORs/Age- and sex-adjusted 
RORs 1 1 1 1 1 1
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worldwide, representing >90% of the global population.

Second, VigiBase enables one to study ADRs in a realis-

tic setting [42], such as the use of over-the-counter

medications that often are not recorded in electronic

health record databases. Finally, this system can

detect reporting ADRs immediately following market

launch [43].

Nonetheless, we need to point to several limitations.

First, pharmacovigilance data represent <10% of the

actual events leading to problems in selective and

underreporting, and external validity [39,44]. Second,

we cannot completely neglect that within 5 years

after market authorization, ADR reports are still possi-

bly affected by factors such as new drug policies from

regulatory bodies or safety issues from media. Third,

the quality of reports is variable, causing misclassifica-

tion of exposure, and outcomes such as mild ADRs

are less likely to be reported, as mentioned above.

Finally, information on COX selectivity was not avail-

able for several NSAIDs. However, the proportion of

ICSRs for this group was small for both cases and

noncases.

Owing to the heterogeneity of reports and the lim-

ited clinical data associated with HSRs, especially

medical history, we cannot reach definite conclusions.

Nonetheless, based on the strength of the associations,

supported by the consistency of the findings in our

sensitivity analyses, and mechanistic considerations,

we detected a possible association between either COX

selectivity and chemical groups of NSAIDs, including

the presence of a sulfonamide functional group, and

HSRs. Further pharmacoepidemiological studies are

needed to confirm these potential associations by

using conventional electronic health databases and

considering several important potential risk factors.

These include allergy-associated factors such as atopy,

genetic profiles, positive HSRs from rechallenging

NSAIDs, and familial history, as well as co-medication

with drugs such as corticosteroids and antihistamines,

and comorbidities such as autoimmune disorders

(e.g., rheumatoid arthritis and systemic lupus

erythematosus).

It remains important for all stakeholders to be vigi-

lant during the initial marketing phase of a drug.

Healthcare professionals should be aware of the bene-

fits and risks when prescribing NSAIDs for those who

are in need, particularly during the first 5 years after

market approval. Market authorization holders should

report periodic safety update profiles of their products.

Similarly, regulatory bodies should be reactive when a

new signal appears, and proactive in monitoring for

specific and unexpected signals or to follow the initial

users of a drug.

CONCLUS ION

According to spontaneous reporting data, COX selectiv-

ity and chemical groups of NSAIDs have an impact on

the risk of HSRs, including angioedema and urticaria.

As suspected drugs, NSAIDs with poor COX selectivity,

as well as AADs, were associated with the highest

RORs of HSRs compared with coxibs, and sulfonamide

NSAIDs had highest RORs of HSRs compared with

nonsulfonamide NSAIDs.
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SUPPORTING INFORMATION

Additional supporting information may be found online

in the Supporting Information section at the end of the

article.

Table S1. Diagnoses of hypersensitivity reactions in

MedDRA browser.

Table S2. Categorization of NSAIDs based on COX

selectivity as the ratios of inhibitory concentration 80%

(IC80) against COX-2 and COX-1 enzymes.

Table S3a. Reporting odds ratios of hypersensitivity

reactions for any NSAIDs based on cyclooxygenase

selectivity.

Table S3b. Reporting odds ratios of hypersensitivity

reactions for any NSAIDs based on chemical group.

Table S3c. Reporting odds ratios of hypersensitivity

reactions for any NSAIDs according to the presence/ab-

sence of sulfonamide group.

Table S3d. Reporting odds ratios of hypersensitivity

reactions for individual NSAIDs within 5 years after

market approval.

Table S4a. Reporting odds ratios of urticaria for any

NSAIDs based on cyclooxygenase selectivity.

Table S4b. Reporting odds ratios of urticaria for any

NSAIDs based on chemical group.

Table S4c. Reporting odds ratios of urticaria for any

NSAIDs according to the presence/absence of sulfon-

amide group.

Table S4d. Reporting odds ratios of urticaria for indi-

vidual NSAIDs within 5 years after market approval.
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Table S5a. Reporting odds ratios of angiodema for any

NSAIDs based on cyclooxygenase selectivity.

Table S5b. Reporting odds ratios of angioedema for any

NSAIDs based on chemical group.

Table S5c. Reporting odds ratios of angioedema for any

NSAIDs according to the presence/absence of sulfon-

amide group.

Table S5d. Reporting odds ratios of angioedema for

individual NSAIDs within 5 years after market

approval.

Table S6a. Reporting odds ratios of anaphylactic shock

for any NSAIDs based on cyclooxygenase selectivity.

Table S6b. Reporting odds ratios of anaphylactic shock

for any NSAIDs based on chemical group.

Table S6c. Reporting odds ratios of anaphylactic shock

for any NSAIDs according to the presence/absence of

sulfonamide group.

Table S6d. Reporting odds ratios of anaphylactic shock

for individual NSAIDs within 5 years after market

approval.

Table S7a. Reporting odds ratios of hypersensitivity

reactions for NSAIDs according to cyclooxygenase

selectivity stratified by reporting countries.

Table S7b. Reporting odds ratios of hypersensitivity

reactions for any NSAIDs based on chemical group

stratified by reporting countries.

Table S7c. Reporting odds ratios of hypersensitivity

reactions for any NSAIDs according to the presence/ab-

sence of sulfonamide group stratified by reporting

countries.

Table S7d. Reporting odds ratios of hypersensitivity

reactions for individual NSAIDs within 5 years after

market approval stratified by reporting countries.

Table S8a. Reporting odds ratios of hypersensitivity

reactions for any NSAIDs based on cyclooxygenase

selectivity stratified by age.

Table S8b. Reporting odds ratios of hypersensitivity

reactions for any NSAIDs based on chemical group

stratified by age.

Table S8c. Reporting odds ratios of hypersensitivity

reactions for any NSAIDs according to the presence/ab-

sence of sulfonamide group stratified by age group.

Table S8d. Reporting odds ratios of hypersensitivity

reactions for individual NSAIDs within 5 years after

market approval stratified by age group.

Table S9a. Reporting odds ratios of hypersensitivity

reactions for any NSAIDs based on cyclooxygenase

selectivity stratified by sex.

Table S9b. Reporting odds ratios of hypersensitivity

reactions for any NSAIDs based on chemical group

stratified by sex.

Table S9c. Reporting odds ratios of hypersensitivity

reactions for any NSAIDs according to the presence/ab-

sence of sulfonamide group stratified by sex.

Table S9d. Reporting odds ratios of hypersensitivity

reactions for individual NSAIDs within 5 years after

market approval stratified by sex.

Table S10a. Reporting odds ratios of hypersensitivity

reactions using broad scope definition for any NSAIDs

based on cyclooxygenase selectivity.

Table S10b. Reporting odds ratios of hypersensitivity

reactions using broad scope definition for any NSAIDs

based on chemical group.

Table S10c. Reporting odds ratios of hypersensitivity

reactions using broad scope definition for any NSAIDs

according to the presence/absence of sulfonamide

group.

Table S10d. Reporting odds ratios of hypersensitivity

reactions using broad scope definition for individual

NSAIDs within 5 years after market approval.
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