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MAIN POINTS

• Celecoxib and tramadol were well
tolerated by all patients with N-ERD.

• Both agents showed significantly
lower adverse reaction rates com-
pared with other analgesics.

• Negative skin tests alongside pos-
itive aspirin challenges indicate a
non–IgE-mediated mechanism.

• Tramadol may be considered a safe
alternative analgesic for patients
with NSAID hypersensitivity.

• Individualized provocation testing
remains essential prior to clinical
use.
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ABSTRACT

Aim: This study aimed to determine which analgesic agents can be safely administered to pa-
tients with nonsteroidal anti-inflammatory drug--exacerbated respiratory disease (N-ERD) and to
evaluate the safety of tramadol as a potential alternative.
Materials and Methods: A total of 51 patients (34 females, 17 males; mean age 39.5 ± 14.2
years) with a history of NSAID hypersensitivity were retrospectively analyzed. All patients un-
derwent oral drug provocation tests with celecoxib, paracetamol, nimesulide, meloxicam, and
tramadol. In patients with a history of hypersensitivity to a single NSAID, negative skin test
results were followed by an oral aspirin challenge to confirm N-ERD. Reaction rates among anal-
gesics were compared using Cochran’s Q test, followed by Dunn--Bonferroni pairwise analysis.
A p-value <0.05 was considered statistically significant.
Results: Eleven patients (21.6%) had hypersensitivity to a single NSAID; all demonstrated neg-
ative skin test results but positive aspirin challenge outcomes, indicating a non--IgE-mediated
mechanism. Celecoxib and tramadol showed significantly lower reaction rates compared with
nimesulide, paracetamol, and meloxicam (p<0.001). More than half of the cohort (52.9%) re-
quired moderate- or high-dose inhaled corticosteroids, while 25.5% of patients with severe
asthma were receiving biologic therapy.
Conclusion: Celecoxib and tramadol were well tolerated in all patients with N-ERD, suggesting
that these agents are safe and effective analgesic alternatives. Individualized evaluation and
supervised provocation testing remain essential to ensure safety before clinical use.

Keywords: Celecoxib, Nonsteroidal anti-inflammatory drug–exacerbated respiratory
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INTRODUCTION
In susceptible individuals with asthma, chronic rhinitis, or
nasal polyposis, the administration of aspirin or other nons-
teroidal anti-inflammatory drugs (NSAIDs) may trigger up-
per or lower airway symptoms. These reactions typically
present with nasal obstruction, watery rhinorrhea, sneezing,
cough, wheezing, dyspnea, or, in severe cases, bronchospasm;
systemic manifestations such as urticaria, angioedema, gas-
trointestinal discomfort, or hypotensionmay also occur [1,2].
This condition has historically been described using various
terms—such as Samter’s triad, Widal syndrome, and aspirin-
sensitive asthma—but the designation NSAID-Exacerbated
Respiratory Disease (N-ERD) is now widely accepted in clin-
ical and academic practice [3]. Current guidelines clas-

sify NSAID hypersensitivity into four major phenotypes:
NSAID-induced cutaneous reactions, NSAID-exacerbated
cutaneous disease, NSAID-exacerbated airway disease, and
single-agent–induced cutaneous reactions [4,5].
The underlying pathophysiology of N-ERD primarily re-
flects dysregulated arachidonic acid metabolism rather than
IgE-mediated allergy. In most patients, inhibition of
cyclooxygenase-1 (COX-1) alters eicosanoid balance and pro-
motes leukotriene-driven airway inflammation, resulting in
characteristic respiratory symptoms [6]. In contrast, single-
agent reactions may involve drug-specific IgE but are far less
common.
Given the clinical burden associated with N-ERD and the
high frequency of analgesic requirements in this population,
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identifying safe and well-tolerated alternatives to traditional
NSAIDs is essential. This study aimed to determine which
analgesics can be safely used in patients with N-ERD and to
evaluate the safety of tramadol as a potential alternative op-
tion.

MATERIALS ANDMETHODS

Study design and participants

This retrospective study included 51 patients whowere evalu-
ated for suspectedNSAIDhypersensitivity between 2024 and
2025 at the Department of Allergy and Immunology. Eligi-
ble participants had a documented history of hypersensitivity
to at least one NSAID, whereas individuals with incomplete
medical records were excluded. Ethical approval was granted
by the İnönüUniversityMedical Ethics Committee (Decision
No: 2025/8382, Date: 30 September 2025). All procedures
adhered to theDeclaration ofHelsinki, andwritten informed
consent was obtained from each participant.

Drug provocation protocol

All provocation tests were performed under continuous su-
pervision by an allergist, with full emergency preparedness
including access to resuscitation equipment and emergency
medications. Baseline assessments—including physical exam-
ination, peak expiratory flow (PEF), bloodpressure, and heart
rate—were obtained prior to each dose. Testing was con-
ducted between 09:00 and 12:00, and patients were moni-
tored until 17:00 if no reaction occurred or until complete re-
covery in cases of a positive response. Incremental doses were
administered at 30-minute intervals.
Patients with a history of hypersensitivity to a single NSAID
first underwent skin testing to evaluate possible IgE-mediated
mechanisms. If the skin test was negative, an oral aspirin
challenge was performed to determine whether the reaction
pattern represented true single-drug hypersensitivity or cross-
intolerance consistent with N-ERD.
After determining the aspirin challenge outcome, oral provo-
cation tests were conducted with alternative analgesic agents,
including celecoxib (a selective COX-2 inhibitor), paraceta-
mol, nimesulide, meloxicam (partial COX-2 inhibitors), and
tramadol (a centrally acting opioid analgesic with low depen-
dency potential).
A negative aspirin challenge indicated drug-specific hypersen-
sitivity or limited cross-reactivity, permitting cautious substi-
tution with alternative agents. Conversely, a positive reaction
confirmed NSAID-exacerbated respiratory disease (N-ERD)
or broad COX-1 cross-intolerance, necessitating strict avoid-
ance of allCOX-1 inhibitors. This structured, stepwise proto-
col enabled individualized risk assessment and evidence-based
selection of safe analgesics. The diagnostic and management
algorithm for evaluatingNSAIDhypersensitivity is presented
in Figure 1.

Table 1. Demographic and clinical characteristics of the patients (n =
51).

Parameter Value

Age (years), mean ± SD 39.5 ± 14.2
Female / Male 34 (66.7%) / 17 (33.3%)
Asthma 47 (92.2%)
Chronic rhinosinusitis with nasal polyps 38 (74.5%)
Moderate/high-dose inhaled corticosteroids 27 (52.9%)
Receiving biologic therapy 13 (25.5%)
Hypersensitivity to a single NSAID 11 (21.6%)
Positive aspirin provocation test 51 (100%)

Statistical analysis

Statistical analyses were performed using IBM SPSS Statis-
tics version 26.0 (IBMCorp., Armonk, NY, USA). Categori-
cal variables were presented as numbers and percentages, and
continuous variables as mean ± standard deviation (SD).
Because each patient underwent multiple analgesic provoca-
tion tests, reaction rate comparisons were conducted using
Cochran’s Q test, which is appropriate for repeated categori-
cal measurements within the same subjects. WhenCochran’s
Q indicated statistical significance, pairwise comparisonswere
performed using Dunn’s post-hoc test with Bonferroni cor-
rection.
A post-hoc power analysis was performed usingG*Power ver-
sion 3.1.9.7 based on the observed effect size (Cohen’s w =
0.41). Using α = 0.05, a confidence level of 0.95, and a sample
size of 51, the achieved power (1–β) was 0.87, indicating suf-
ficient statistical power to detect medium-to-large effect size
differences. A p-value < 0.05 was considered statistically sig-
nificant.

RESULTS
Among the 51 patients included in the study, 17 (33.3%)were
male and 34 (66.7%) were female, with a mean age of 39.5 ±
14.2 years. Allergic rhinitiswas present in 21patients (41.1%),
chronic urticaria in 17 patients (33.3%), and atopy in 24 pa-
tients (47%). Demographic and clinical characteristics are
summarized in Table 1.
According to the Global Initiative for Asthma (GINA) clas-
sification [7], 27 patients (52.9%) were receiving step 4
or 5 treatment. Thirteen patients (25.5%) met the cri-
teria for severe asthma, and among these, 4 were treated
with omalizumab, 4 with mepolizumab, and 5 with benral-
izumab. Eleven patients (21.6%) reported a reaction to a
single NSAID. All single-NSAID reactions showed negative
skin test results but positive oral aspirin challenge outcomes,
confirming a non–IgE-mediated cross-intolerance pattern.
Eight patients required aspirin desensitization due to recur-
rent nasal polyps.
The most frequently implicated culprit NSAIDs were dexke-
toprofen (n = 36), diclofenac (n = 22), and ibuprofen (n =
14).
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Table 2. Drug challenge test results

Drug Tested Type of Inhibitor Positive n (%) Observed Reactions

Celecoxib Selective COX-2 inhibitor 0 (0%) None
Tramadol Non-NSAID analgesic 0 (0%) None
Nimesulide Partial COX-2 inhibitor 6 (11.7%) Dyspnea, urticaria, nasal congestion
Meloxicam Partial COX-2 inhibitor 4 (7.8%) Wheezing, urticaria, rhinitis
Paracetamol Weak COX-1 inhibitor 3 (5.8%) Dyspnea, rhinitis, urticaria
Abbreviations: COX, cyclooxygenase; NSAID, nonsteroidal anti-inflammatory drug.

Figure 1. The diagnostic and management algorithm for evaluating
NSAID hypersensitivity.

Drug Provocation Outcomes

Celecoxib and tramadol were tolerated by all patients un-
dergoing provocation testing. In contrast, partial COX-2
inhibitors such as nimesulide, meloxicam, and paracetamol
elicited significantly higher reaction rates.
Overall comparison of reaction frequencies among tested
analgesics using Cochran’s Q test demonstrated a significant
difference (p<0.001). Post-hoc pairwise analyses using the
Dunn–Bonferroni method showed that celecoxib and tra-
madol had significantly lower reaction rates than nimesulide,
paracetamol, and meloxicam (p<0.001 for all comparisons).
The detailed provocation outcomes are presented in Table 2.

DISCUSSION
In this study, all 11 patients who initially reported hypersen-
sitivity to a single NSAID demonstrated negative skin test
results but positive aspirin challenge outcomes. This find-
ing suggests that these reactions were not IgE-mediated but
instead reflected COX-1–related cross-intolerance [8]. Clin-
ically, this is an important observation: even patients who
appear to react to only one NSAID may have underlying
NERD, and objective aspirin provocation remains essential
for accurate classification [8].
The universal positivity of the aspirin challenge in this sub-
group also highlights a major diagnostic pitfall. Without
provocation testing, these individuals could be misclassified
as “single-drug reactors,” potentially leading clinicians to as-
sume a drug-specific IgE mechanism. Our results emphasize
that single-NSAID histories should not be equated with true
selective allergy and that broad cross-reactivity remains likely
unless proven otherwise [8–10]. This has significant implica-
tions for analgesic selection and long-termmanagement.
Consistent with current evidence, none of the patients re-
acted to celecoxib. SelectiveCOX-2 inhibitors arewell known
for their high tolerability in NERD, and our findings sup-
port celecoxib as a reliable and safe analgesic when COX-1 in-
hibitors must be avoided. The complete absence of reactions
in our cohort aligns with previously reported tolerability rates
[11–16], reinforcing celecoxib as the preferred first-line alter-
native.
Tramadol also demonstrated excellent tolerability. Although
opioids rarely provoke respiratory reactions in NERD, pseu-
doallergic responses can occur, particularly withmorphine or
codeine. A prior study reported codeine reactions in 7.3%
of NERD patients [13], underscoring the need for caution
when selecting opioid analgesics. The absence of tramadol re-
actions in our population supports its role as a practical and
safe option, especially when non-opioid analgesics are con-
traindicated or poorly tolerated.
The clinical characteristics of our cohort are consistent with
the established NERD phenotype. More than half of the
patients required moderate-to-high-dose inhaled corticos-
teroids, and nearly one-third were receiving biologic ther-
apy, underscoring the heavy disease burden associated with
NERD [17–20]. As in previous studies, chronic rhinosinusi-
tis with nasal polyps—a hallmark of NERD—was common
and severe, suggesting that patients frequently require inter-
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ventions that may increase the likelihood of analgesic expo-
sure [21,22].
These findings collectively highlight the real-world challenge
of pain management in patients with NERD. Because many
analgesics carry a substantial risk of cross-reactivity, safe alter-
nativesmust be identified through structured, supervised test-
ing. Our results show that celecoxib and tramadol can reliably
serve this purpose.

Limitations

This study has some limitations, including its retrospective
design and relatively small sample size. However, the uniform
tolerability findings observed for both celecoxib and tramadol
provide clinically meaningful guidance for everyday practice.
Larger prospective studies incorporating molecular pheno-
typing could help clarify patient subgroups and further refine
individualized analgesic strategies. Overall, our findings add
to the growing evidence supporting the safety and practicality
of celecoxib and tramadol for patientswithNERDconfirmed
by provocation testing.

CONCLUSION
Celecoxib and tramadol were well tolerated by all patients
with NSAID-exacerbated respiratory disease in this cohort,
indicating that these agents may serve as safe and practical
analgesic options when NSAID avoidance is required. The
universal positivity of aspirin challenge among single-NSAID
reactors underscores the importance of objective testing to ac-
curately classify hypersensitivity patterns and guide individu-
alized treatment. Although our findings support the use of
celecoxib and tramadol in routine clinical practice, supervised
drug provocation testing remains essential to confirm toler-
ability on a patient-specific basis. Larger prospective studies
are needed to further validate these observations and refine
evidence-based analgesic strategies for this challenging popu-
lation. These findings support incorporating celecoxib and
tramadol into standardized analgesic algorithms for patients
with N-ERD.
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