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Benefits and harms of aspirin desensitization for aspirin-exacerbated
respiratory disease: a systematic review and meta-analysis

Derek K. Chu, MD, PhD' 27, Daniel J. Lee, MD?

, Keith M. Lee, MD?, Holger J. Schilnemann, MD, PhD'+4,

Woijciech Szczeklik, MD, PhD'45 and John M. Lee, MD, MSc?

Background: Aspirin desensitization is increasingly recom-
mended for the treatment of aspirin-exacerbated respi-
ratory disease (AERD). The objective of this study is to
systematically review the efficacy and safety of aspirin de-
sensitization in patients with AERD.

Methods: We searched MEDLINE, EMBASE, the Cochrane
Central Register of Controlled Trials, and World Health Or-
ganization (WHO) International Clinical Trials Registry Plat-
form from inception to January 5, 2019. We included ran-
domized trials and comparative observational studies in any
language. Data extraction and risk of bias assessment were
performed in duplicate independently.

Results: Five randomized controlled trials (RCTs) enrolled
233 patients with AERD. Compared to placebo, aspirin de-
sensitization (mean daily dose 800 mg) improved quality of
life (risk ratio [RR] 2.00; 95% confidence interval [Cl], 1.31
to 3.06; heterogeneity measure [I?] = 0%; risk difference
[RD] 4+24%; 22-item Sino-Nasal Outcome Test [SNOT-22]
scale [0 to 110, higher worse]; mean difference [MD] —10.27
[95% Cl, —6.39 to —14.15]; moderate-certainty); and respi-
ratory symptoms (RR 2.20 [95% ClI, 1.55 to 2.73], I> = 34%,
RD +36%; American Academy of Otolaryngology (AAO)
scale [0 to 20, higher worse]; MD —2.56 [95% Cl,—1.12 to
—3.92]; high-certainty). Aspirin desensitization increased

adverse events severe enough to cause treatment discon-
tinuation (major bleeding, gastritis, asthma exacerbation, or
rash causing drug discontinuation, RR 4.39 [95% Cl, 1.43 to
13.50], I = 0%, RD +11%, moderate-certainty), and gastri-
tis (RR 3.84 [95% ClI, 112 to 13.19], I> = 0%, RD +9%, low-
certainty). Findings were robust to sensitivity analyses. Two
available observational studies were not informative be-
cause they lacked adjustment for confounders and/or con-
temporaneous controls.

Conclusion: In patients with AERD, moderate-certainty
and high-certainty evidence shows that aspirin desensitiza-
tion meaningfully reduces symptoms of rhinosinusitis and
improves quality of life, but results in a significant increase
in adverse events. © 2019 ARS-AAOA, LLC.
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spirin exacerbated respiratory disease (AERD, also

known as nonsteroidal anti-inflammatory drug
(NSAID)-exacerbated respiratory disease [NERD]) af-
fects 0.6% to 2.5% of the general population' and
is characterized by chronic rhinosinusitis with nasal
polyposis (CRSwNP), asthma, and NSAID-induced naso-
ocular-bronchoconstrictive hypersensitivity responses”—

eponymously known as Samter’s triad. Patients with AERD
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represent 7.2% and 8.7% to 9.7% of those with asthma
and CRSwNP, respectively.! AERD usually develops in the
third or fourth decades of life,> with patients more likely
to have severe uncontrolled asthma and more frequent
upper-respiratory and lower-respiratory exacerbations.”>
Consequently, patients with AERD have greater morbidity
with frequent need for emergency room visits, repeat
surgical interventions, and increased corticosteroid bur-
den compared to those with aspirin-tolerant asthma or
aspirin-tolerant CRSwNP.3

Aspirin desensitization is increasingly recommended and
used to treat upper airway disease activity in AERD.%#°
Although the exact mechanism of aspirin desensitization in
AERD remains unknown, it is thought to downregulate in-
flammatory leukotriene E4 receptors and prostaglandin D,
production.? This therapy initially involves administering
increasing doses of oral aspirin over hours to days to a tar-
get dose of 325 to 650 mg. This is followed by lifelong daily
aspirin treatment to maintain desensitization, typically 650
to 1300 mg per day,>*° because desensitization is lost in
as little as 48 hours off therapy.” Recent guidelines*> and
systematic review to date® are mostly informed by obser-
vational studies concluding that aspirin desensitization’s
benefits strongly outweigh its harms.

With recently published randomized trials of aspirin de-
sensitization vs placebo for AERD,’!3 there is a need for
rigorous systematic review and meta-analysis of this ther-
apy’s benefits and harms. The principal aim of review was
to systematically synthesize all studies that compared the
health benefits and harms of aspirin desensitization com-
pared to no aspirin desensitization in patients with AERD.

Materials and methods

We conducted and reported this systematic review and
meta-analysis according to Cochrane Collaboration,'
Grading of Recommendations, Assessment, Development,
and Evaluation (GRADE),”> and Preferred Reporting
Items of Systematic Reviews and Meta-Analyses (PRISMA)
guidance.'® We registered the protocol: PROSPERO
CRD42018086665 (https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42018086665).

Data sources and searches

We searched MEDLINE, EMBASE, the Cochrane Central
Register of Controlled Trials, and the World Health Or-
ganization International Clinical Trials Registry Platform
(WHO ICTRP) from inception through January 5, 2019,
for randomized and nonrandomized studies comparing
oral aspirin desensitization vs no desensitization (placebo
or NSAID avoidance) for the treatment of AERD, with-
out language restrictions (Supplementary Appendix Search
Strategies). We translated non-English records. The search
strategy was partially adapted from a previous review
on antithrombotic agents for essential thrombocythemia.!”
The exclusion criteria included lack of comparator group,

observational studies with 10 patients or less, studies eval-
uating pediatric or pregnant population, or review articles.

Study selection

Two reviewers (D.].L. and K.M.L.) screened titles and ab-
stracts and full-texts independently and in duplicate using a
pre-piloted standardized data form. We resolved disagree-
ments by consensus and if necessary, discussion with a third
author (D.K.C. or J.M.L.). We extracted data and assessed
risk of bias similarly.

Data extraction and quality assessment

Outcomes included quality of life (QoL), rhinosinusitis con-
trol, asthma control, upper and lower respiratory exacer-
bations requiring systemic steroids, surgical re-intervention
(eg, repeat sinus surgery), mortality, major bleeding, mi-
nor bleeding, gastritis, rash/urticaria, medication burdens,
and any adverse event severe enough to require drug dis-
continuation. Secondary outcomes included rhinosinusitis
severity (evaluated endoscopically or radiologically), and
lung function measured by forced expiratory volume in
1 second (FEV1).

We used the Cochrane Risk of Bias assessment tool ver-
sion 1 for randomized trials modified with response items
being “Yes,” “Probably Yes,” “No,” and “Probably No,”
and reviewers classified studies at high risk of bias if at least
1 domain was high risk.'®1? We rated observational studies
similarly using the Cochrane Risk of Bias in Nonrandom-
ized Studies of Interventions (ROBINS-I) tool.2% To evalu-
ate the certainty (quality) of evidence for each outcome, we
used the GRADE approach,?'-?? using statistical informa-
tion size (defined by trial sequential analysis [TSA]) as an
objective measure of imprecision. TSA accounts for multi-
ple testing and evaluates the reliability of a meta-analysis by
examining for sufficient data to avoid type I (false-positive)
and type II (false-negative) errors. We completed TSA us-
ing TSA Viewer 0.9.5.9 Beta 2016 (Copenhagen Trial Unit,
Centre for Clinical Intervention Research, Rigshospitalet,
Copenhagen, Denmark), Lan-DeMets implementation of
the O’Brien-Fleming monitoring boundaries,” adjustment
for heterogeneity, and information size set to a 2-sided al-
pha of 0.05, beta 0.80, relative risk reduction of 20%,
and the baseline control-group event rate for each out-
come. To more accurately plot TSA results, Supplementary
Appendix Figure 3 displays TSA at a 30% relative risk
reduction, which yielded the same conclusions as the pre-
specified 20% value.

Data synthesis and analysis
All analyses were by intention-to-treat (ITT).>* For dichoto-
mous outcomes, we calculated the risk ratio (RR). For con-
tinuous outcomes, we calculated mean difference (MD),
and if different scales were used between studies, the stan-
dardized mean difference (SMD). For health-related QoL,
we present the relative and absolute effects by calculat-
ing the probability of achieving the minimal important
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difference (MID), the smallest change in QoL score that
patients would recognize as important,” and then pool-
ing by random-effects generic inverse variance. MIDs for
the QoL instruments®® 22-item Sino-Nasal Outcome Test
(SNOT-22), 20-item SNOT (SNOT-20), and Rhinosinusi-
tis Disability Index (RSDI) have been reported to be 8.9,
0.8,%% and 10.35,%” respectively. To facilitate interpretabil-
ity, we converted SMDs to RRs, absolute risk differences
(RDs), and using the median standard deviation (SD) of
the included trials, MDs in natural units.>*-32 In cases for
which there were no established MID for all instruments for
an outcome, we used a control group probability threshold
of 30% because estimation was stable between 10% and
60% and this approximated the median value.>! For QoL
we converted SMD results to natural units expressed in
SNOT-22 because this is the most validated and commonly
used QoL instrument in the rhinosinusitis field*®; for symp-
toms, we used the American Academy of Otolaryngology
(AAO) scale.’> We report the associated 95% confidence
interval (CI) for all outcomes. In some instances, we esti-
mated mean values from medians.>* We treated 2-period,
2-treatment crossover trials as parallel arm trials.'* For
missing binary data, we performed case analyses, including
worst, complete-case, and most plausible scenarios.>® For
missing continuous data, we used the informative missing-
ness parameter approach using Taylor-series approxima-
tion with a range of scenarios for missing means and SDs.3°
Because all analyses for both types of outcomes were insen-
sitive to varied assumptions, we present primary analyses
using ITT with intervention missing data at 2x the event
rate of complete data and 1x for controls, a conserva-
tive and plausible assumption.>’ We pooled summary mea-
sures using DerSimonian and Laird random-effects models,
with the estimate of heterogeneity taken from the Mantel-
Haenszel model. We calculated absolute risks by multiply-
ing the RR and its 95% CI with the baseline risk. For base-
line risks, we used the mean event rate among the control
arms of the included RCTs or, if available, estimates from
observational studies.>” Heterogeneity was calculated using
chi-squared (threshold p = 0.10) and quantified with het-
erogeneity measure (I?). Publication bias was assessed by
visual inspection of funnel plots (Supplementary Appendix
Figure 1), by the Harbord modification of Egger’s test, and
qualitatively per GRADE guidance.?”

Prespecified subgroup analyses included stratification by
risk of bias, follow-up duration, co-intervention, and dose
of aspirin. We analyzed these by random effects univari-
ate meta-regression using restricted maximum likelihood
and calculating statistical significance for tests of inter-
action with a minimum of 10,000 Monte-Carlo random
permutations to avoid spurious findings.?® We evaluated
the credibility of potential effect modifiers using GRADE
guidance.?’

Sensitivity analyses to test the robustness of the find-
ings included: (1) worst-case or various plausible scenarios
for missing participants; (2) disregarding excluded partici-
pants or those lost postrandomization; (3) using fixed-effect

Database searches
InceptiontoJan 5,2019  |-#|419 duplicates removed
2795 records

:

2376 records screened >

l

29 full-text records
assessed for eligibility

2178 records excluded
Not relevant

—»| 22 records excluded
18 No comparator group
3 Wrong study design
1 Wrong intervention (intranasal)

v
5 Trials Included

(2 observational studies)

FIGURE 1. Flow diagram.

analysis; (4) using the more conservative Knapp-Hartung-
Sidik-Jonkman random effects meta-analytic method*’;
and (5) using the potentially more appropriate reciprocal
(also known as “treatment arm”) or empirical continuity
correction methods.*!

We conducted analyses using STATA 14.3 (StataCorp,
College Station, TX). We used GRADEpro GDT 2015 (Mc-
Master University, Hamilton, ON, Canada [developed by
Evidence Prime, Inc.]; https://gradepro.org) to create the
summary of findings table.?

Results

Study selection
We identified 2376 unique database records, assessed 29
full-texts, and included S RCTs’~!3 and 2 comparative co-
hort studies*>*> (Fig. 1). The most common reason for
exclusion was lack of a comparison group (18 records).

Study characteristics

Characteristics of the included studies are summarized in
Table 1. Eligibility criteria are summarized in Supplemen-
tary Appendix Table 1. Five RCTs enrolled a total of
233 patients (median 41 patients, range 20 to 70 patients;
56% female, 44% male; median of mean age across tri-
als 45 years, range 29 to 46 years). Aspirin desensitization
entailed a 2-day inpatient procedure to 325 or 650 mg fol-
lowed by outpatient daily maintenance dosing of 1300 mg
(2 trials), 650 mg (2 trials), or 100 mg (1 trial). In all
trials, the control arm (no desensitization) was placebo,
whereas in the cohort studies the control arm was NSAID
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Change in QoL score (lower better)

Probablity to improve QoL by MID

ASA No ASA

Author, Year ASA,N No ASA,N SMD (95% Cl)  Weight Author, Year (nINY*  (nIN)* RR (95% Cl) Weight
Fruth 2013 36 34 —o— -0.88 (-1.59,-0.16) 25 Fruth 2013 19/36 11/34 + 1.63(0.92,2.90) 55
Swizercynka 2014 12 8 —-o— -0.82 (-1.71,0.08) 16 Swizercynka 2014  6/12  2/8 ——+—— 200(0.53,7.54) 10
Esmaeilzadeh 2015 18 16 —.— -0.85 (-1.55,-0.16) 27 Esmaeilzadeh 2015 9/18  3/16 —.-o— 2.67 (0.87,8.17) 14
Mortazavi 2017 22 19 —.-— -1.16 (-1.80, -0.52) 32 Mortazavi 2017 13/22 4119 —44— 2.81(1.10,7.17) 21
Overall (?=0%) 88 77 <> -0.95 (-1.31, -0.59) 100 Overall (1’=0%)  47/88 20/77 <> 2.00 (1.31,3.06) 100
Overall as MD in SNOT-22 scale : -10.27 (-14.15, -6.39) :
NOTE: Axis direction is reversed
T 1 T T T f

2 -1 0 1 2
SD units
-—
Favors ASA Favors no ASA

T T
05 1 10

0.1 2
Favors no ASA Favors ASA

FIGURE 2. Qol outcomes in trials comparing aspirin desensitization vs placebo for AERD. *Estimated event frequency from probability to improve by MID.
AERD = aspirin-exacerbated respiratory disease; ASA = acetylsalicylic acid (aspirin); MD = mean difference; MID = minimally important difference; QoL =

quality of life; RR = risk ratio; SMD = standardized mean difference; SNOT-22 =

avoidance. Among the trials, publication bias and serious
risk of bias were not detected (Supplementary Appendix
Table 2). The included cohort studies*>** were at serious
risk of bias due to confounding (lack of statistical adjust-
ment for known confounders in estimating treatment ef-
fects) and possible selection/detection bias (Supplementary
Appendix Table 2).

Outcomes
QoL and symptoms scores
Four trials (n = 165) measured QoL!*'3 using SNOT-22,
SNOT-20, or RSDI. All of these instruments evalu-
ate the impact of CRS in AERD on physical (eg, face
pain/pressure), functional (eg, sleep, productivity), and
emotional (eg, frustration, sadness, embarrassment)
domains.?® Aspirin desensitization improved QoL com-

Change in symptoms (lower better)

22-item Sino-Nasal Outcome Test (0 to 110, higher worse).

pared to placebo (SMD 0.95 SD units better [95% CI, 0.59
to 1.31 SD units better], I> = 0%, moderate-certainty)
(Fig. 2). Converted to the SNOT-22 scale (0 to 110; higher
worse), where an MID of 8.9 has been reported,?” this
effect corresponds to MD 10.27 units better (95% CI,
6.39 to 14.15), and an RR to achieve MID 2.00 (95% CI,
1.31 to 3.06), RD 4+24%. We found no subgroup effects
(Supplementary Appendix Table 4).

Five trials (n = 233) reported respiratory symptom
scores.” '3 Measurement instruments were variable among
trials but all focused more on nasal (eg, nasal obstruction,
sense of smell) than lower respiratory (eg, coughing) symp-
toms; lower scores were better. None had an established
MID. Aspirin desensitization improved symptom scores
compared to placebo (SMD 0.94 SD units better [95%
CI, 0.44 to 1.44 SD units better], I = 34%, high-certainty,
Fig. 3). Converted to the AAO scale (0 to 20; higher worse),

Association of symptoms with ASA dose

Author, Year ASA, N No ASA,N SMD (95% ClI) Weight
Stevenson 1983 38 30 —t——) 5.65 (-2.26, 13.56) 1
Fruth 2013 36 34 = -1.66 (-2.58,-0.74) 20 )
Swizercynka 2014 12 8 - -0.51(-1.40,0.39) 21
; Sl beta) = 1.00 SD unit ASA (95%Cl -0.062 to 2.061), p,,.=0.034
Esmaeilzadeh 2015 18 16 ES| 082 (-152,012) 28 SeuSopelocd) it per g Aon 0 2.061). Puc
" »
Mortazavi 2017 22 19 =3 -0.96 (-1.60,-0.31) 30
Overall (1>=34%) 126 107 @ -0.94 (-1.44,-0.44) 100 29
Overall as MD in AAO scale i -2.56 (-3.92, -1.20)
Overall as RR to improve 2.20 (1.55, 2.73) A =~ =
T — T T T T T T
4 2 0 2 4 0 . 0.5 . 1. . 1.5
SD units Maintenance dose of aspirin desensitization (grams)
Favors ASA Favors no ASA [ ————— 95% Confidence Interval Regression slope ° Trial|

FIGURE 3. Respiratory symptom outcomes in trials comparing aspirin desensitization vs placebo for AERD. AAO scale = American Academy of Otolaryngology
scale (0 to 20; higher worse); AERD = aspirin-exacerbated respiratory disease; ASA = acetylsalicylic acid (aspirin); MD = mean difference; pmc = meta-regression

p value calculated using 10,000 Monte Carlo random permutations; RR = risk rat

io; SMD = standardized mean difference.
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AE causing discontinuation

Author, Year a?NA) N(onﬁf;A RR (95% CI) Weight
Stevenson 1983 7/38  1/30 + 5.53 (0.72, 42.50) 30
Fruth 2013 3/36  1/34 ——.r— 2.83(0.31,25.93) 26
Swizercynka 2014  4/12  0/8 ——,.— 6.23 (0.38,101.99) 16

Esmaeilzadeh 2015 3/18 0/16 ——Eo—) 6.26 (0.35, 112.70) 15
Mortazavi 2017 122 0119 ——o—é— 2.61(0.11,60.51) 13

Overall (’=0%) 18/126 2/107 <> 4.39 (1.43,13.50) 100

T T T
010512 10
-— —

Favors ASA Favors no ASA

FIGURE 4. Adverse events causing discontinuation in trials comparing as-
pirin desensitization vs placebo for AERD. AERD = aspirin-exacerbated res-
piratory disease; ASA = acetylsalicylic acid (aspirin); RR = risk ratio.

the pooled estimate was MD 2.56 units better (95% CI,
1.20 to 3.92 units better). The corresponding probabil-
ity of improving symptoms with aspirin desensitization vs
placebo was RR 2.20 (95% CI, 1.55 to 2.73), RD 4+36%.
Meta-regression showed a possibly credible 1.00 SMD SD
unit (95% CI, —0.062 to 2.06) decrease in the efficacy
of desensitization for every gram increase in ASA mainte-
nance dose (Pinteraction = 0.034 [95% CI, 0.033 to 0.035],
moderate-credibility, Fig. 3, and Supplementary Appendix
Table 5). We found no other credible subgroup effects
(Supplementary Appendix Table 4).

Adverse outcomes

Compared to placebo, aspirin desensitization increased ad-
verse outcomes severe enough to cause drug discontinua-
tion, which included major gastrointestinal (GI) bleeding,
gastritis, asthma exacerbation, and severe rash (5 RCTs,
RR 4.39 [95% CL, 1.43 to 13.50], > = 0%, RD 11%,
moderate-certainty) (Fig. 4). Aspirin desensitization in-
creased gastritis (5 RCTs,RR 3.84[95% CI, 1.12t0 13.19],
I> = 0%, RD 9%, low-certainty, Fig. 5). Major GI bleed-
ing occurred in 2 participants in 2 trials, both cases in the
aspirin desensitization groups. Compared to placebo, as-
pirin’s effect on asthma control was of low-certainty (3
RCTs, RR 1.76 [95% CI, 0.51 to 6.06], I> = 0%, RD
14%, low-certainty, Supplementary Appendix Figure 2).
We found no subgroup effects (Supplementary Appendix
Table 4).

Secondary (surrogate/laboratory) outcomes
Two trials reported FEV1 data.!?!3 Aspirin desensitization
increased FEV1 compared to placebo (MD 5.78 percent-
age points [95% CI, 2.59 to 8.96], I> = 0%, moderate-
certainty, Supplementary Appendix Table 3), but these es-
timates may not be clinically significant because they are
less than the MID of 10% and normal diurnal variability.**

Gastritis
Author, Year :‘?NA) N?nﬁlS)A RR (95% CI) Weight
Stevenson 1983 4/38 0/30 ——;—.—) 7.15(0.40, 127.88) 18
Fruth 2013 3/36  1/34 ——di— 2.83(0.31,25.93) 31
Swizercynka 2014 4/12 0/8 ——;a— 6.23 (0.38, 101.99) 20
Esmaeilzadeh 2015 1/18  0/16 ——0;— 2.68 (0.12,61.58) 16
Mortazavi 2017 122 0/19 ——0;— 2.61(0.11,60.51) 15
Overall (I?=0%) 13/126 1/107 <> 3.84 (1.12,13.19) 100
T T

T
0.10512 10
«— —
Favors ASA Favors no ASA

FIGURE 5. Gastritis in trials comparing aspirin desensitization vs placebo
for AERD. AERD = aspirin-exacerbated respiratory disease; ASA = acetyl-
salicylic acid (aspirin); RR = risk ratio.

There was no between-group difference in radiologic rhi-
nosinusitis severity>3 evaluated by Lund-Mackay staging (3
RCTs, MD 0.23 better on a 0 to 24 scale with higher being
worse [95% CI, 6.70 better to 6.25 worse], I = 93%, very
low-certainty, Supplementary Appendix Table 3).

Other outcomes

There were no reported deaths across all 5 trials. Medica-
tion burdens were not uniformly reported, with intranasal
corticosteroid doses being no different between groups in
2 trials”!! (MD 152 pg budesonide equivalents lower [95 %
Cl, 559 ug lower to 254 ug higher], I> = 74%, very
low-certainty), but in 2 others'>!3 medication scores im-
proving with aspirin desensitization (MD 2.95 better on a
20-point scale with no established MID [95% CI, 1.19
to 4.71], I> = 73%, very low-certainty, Supplementary
Appendix Table 3).

TSA and sensitivity analyses and summary
of findings

TSA and sensitivity analyses supported the overall find-
ings (Supplementary Appendix Table 4 and Supplementary
Appendix Fig. 3). In particular, TSA showed sufficient sta-
tistical information had accumulated for aspirin’s benefi-
cial effect on respiratory symptoms to conclude superiority
(Supplementary Appendix Fig. 3). We present a summary
of findings in Table 2.

Observational studies

Neither observational study*>*® provided higher certainty

evidence than the included RCTs to inform the treatment
effects of aspirin desensitization vs no desensitization in
AERD because of non-random assignment, lack of adjust-
ment for confounding factors, and selection/detection bias.
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Aspirin desensitization in AERD: systematic review

Discussion

This systematic review and meta-analysis provides high-
certainty and moderate-certainty evidence that compared
to placebo, aspirin desensitization in AERD meaningfully
improves upper-respiratory symptoms and disease-related
QoL, which may be balanced by an increased risk of ad-
verse events that may cause drug discontinuation (including
gastritis, dyspepsia, severe rash, and worsening asthma).
An interactive summary of findings is available online at
http://bit.ly/AspirinAERD.

Consistent with multiple single-arm observational stud-
ies (which some might classify as case-series in design)
reporting a qualitative benefit of aspirin in AERD, we
quantified these to be a mean MD 10.27 better in SNOT-
22 QoL (RR 2.00 [95% CI, 1.31 to 3.06]; absolute risk
(AR) 48% [95% CI, 31% to 73%]; number needed to
treat [NNT] 5 [95% CI, 3 to 14]), and MD 2.56 bet-
ter in AAO nasal symptoms (RR 2.20 [95% CI, 1.55
to 2.73]; AR 66% [95% CI, 47% to 82%]; NNT 3
[95% CI, 2 to 7]). Additional reported benefits of as-
pirin desensitization include reduced nasal polyp recur-
rence, improved olfaction, improved alcohol tolerance, and
decreased use of intranasal and oral corticosteroids.*~*3
It is important to note that these findings were from
long-term investigations up to 6 years of follow-up. In ad-
dition, there are 2 cohort studies with a comparator group,
which were included in the final qualitative synthesis of this
systematic review.*>*3 These studies also demonstrated sig-
nificant reduction in hospitalizations, emergency room vis-
its, need for antibiotics, or revision sinus surgery compared
to the control group.*>*3 Despite the positive findings in
the studies, there are inherent risks for confounding and
bias in observational studies.*’ In order to better define the
full scope of benefits of aspirin desensitization in AERD,
well conducted and reported studies with internal controls,
particularly randomized trials, are needed.

Practice guidelines increasingly recommend aspirin de-
sensitization due to conclusion of clear benefit over
harm.>*> Single-arm observational studies report adverse
effects severe enough to cause aspirin discontinuation in
8% to 23%, but without a comparator group, information
about safety is limited.® We found a significantly increased
risk of such severe adverse events with aspirin compared to
placebo (RR 4.39 [95% CI, 1.43 to 13.50]; AR 14% [95%
Cl, 5% to 42%]; number needed to treat to cause harm
[NNTH] 10 [95% CI, 3 to 71]), including gastritis (RR
3.84 [95% CI, 1.12 to 13.19]; AR 12% [95% CI, 3% to
40%]; NNTH 9 [95% CI, 3 to 33]). Although imprecision
from the available AERD studies precluded clear estimates
of the risk of major bleeding with chronic aspirin use, ro-
bust estimates of this are established in the cardiovascular
literature. In meta-analyses of up to 164,225 patients’*3
including at the individual-patient level,’>>3 aspirin for pri-
mary and secondary prevention of cardiovascular disease
at daily doses as low as 50 to 100 mg increases the risk of
intracranial and major extracranial (primarily GI) bleeding

(hazard ratio [HR] 1.55), including those with low cardio-
vascular risk, such as those with AERD.’! It is also impor-
tant to note that the follow-up period in the cardiovascu-
lar literature ranges from 3 to 10 years with much larger
patient populations.’®? In AERD literature, although ob-
servational studies with variable follow-up periods up to
8 years have not demonstrated significant bleeding risk as
portrayed in cardiovascular literature, they demonstrate a
high discontinuation rate up to 38% due to side effects such
as gastritis and easy bruising.*>*%-3%35 Considering that as-
pirin desensitization in AERD involves a significantly higher
daily dose of aspirin (650 to 1300 mg daily) than what is
typically used for cardiovascular protection, the benefits of
aspirin desensitization should be closely weighed against
the potentially significant adverse effects, GI side effects,
and hemorrhage. The precise timing and rate of aspirin dis-
continuation in AERD might be additionally informed by a
robust systematic review and meta-analysis of prognosis.*®

Strengths of this review include being the most compre-
hensive and methodologically rigorous to date. We explic-
itly prespecified search, selection, and subgroup and sensi-
tivity analysis criteria. We used established Cochrane and
GRADE methods to critically appraise and meta-analyze
the available literature, focusing on randomized trials and
comparative observational studies rather than uncontrolled
single-arm studies that currently inform most narrative re-
views and practice guidelines. Results were consistent and
robust to subgroup and sensitivity analyses. For all contin-
uous outcomes, we facilitate interpretability by conversion
to scales most familiar to clinicians and also report results
as probabilities (relative risk) rather than only SMD. We
transparently provide a published and online interactive
summary of findings.

Limitations of this review include imprecision in effect
estimates. To address this, we used the GRADE approach,
which provides a detailed framework to assess the certainty
of evidence in face of imprecision, supplemented with
TSA to quantify and objectively assess this. Consequently,
we downgraded most outcomes from high-certainty to
moderate-certainty evidence and were unable to detect
subgroup differences or most component effects of the com-
posite outcome. Though indirect estimates of bleeding risk
with aspirin may be better informed by the cardiovascular
literature,’®>! there is the potential for underestimation of
harm due to effect modification by characteristics that in-
crease the risk of adverse outcomes, such as prednisone use,
hypertension, diabetes, smoking, male sex,*>*3 and weight
or body mass index (BMI).>%%%33 Though we formally
evaluated meta-regression results for their credibility to
be true effect modifiers, these results should be considered
exploratory due to the suboptimal number of trials for
meta-regression and relationships at the trial rather than
individual level. Altogether, large, well-conducted trials are
needed to clarify the precise effects of aspirin desensitiza-
tion vs no desensitization and the optimal dose, duration,
and patient characteristics that derive net benefit from
such an approach. Indeed the implication of these certainty
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ratings means that large, well-conducted randomized trials
might significantly change the presented estimates.

This systematic review and meta-analysis shows that cur-

Conclusion

future therapies),

57,58

and incorporating patient values and
preferences in shared decision-making. Given the preva-

lence of AERD and its burdens on patients and health-

care systems, ™

these data have important and immedi-

ate implications for patients, clinicians, researchers, and

rent aspirin desensitization approaches likely meaningfully
improve AERD QoL and upper respiratory symptoms.
These benefits are counterbalanced by an increased risk

of adverse events severe enough to cause drug discon-
tinuation. These data support an individualized approach
to aspirin desensitization in AERD, considering the risks,
benefits, possible alternatives (eg, dupilumab or potential
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Search Strategies
MEDLINE

1. exp MAXILLARY SINUSITIS/ or exp ETHMOID SINUSITIS/ or exp FRONTAL SINUSITIS/ or exp SPHENOID SINUSITIS/
or exp SINUSITIS/

2. exp Nasal Polyps/

3. sinusit*.tw,kf.

4. nasal poly*.tw,kf.

5. rhinosinusit*.tw,kf.

6. exp Asthma, Aspirin-Induced/

7. aspirin exacerbated respiratory disease.mp.

8. aspirin exacerbate*.tw,kf.

9. AERD*.tw kf.

10. NERD*.tw,kf.

11. samter*.tw,kf.

12. acetylsalicylic*.tw,kf.

13. exp ASPIRIN/

14. exp Anti-Inflammatory Agents, Non-Steroidal/
15.1or2or3ordor50r6o0r7or8or9orl0orllorl2orl3orl4
16. exp DESENSITIZATION, IMMUNOLOGIC/
17. aspirin desensiti*.tw,kf.

18. aspirin desensitization.mp.

19.16 or 17 or 18

20.15and 19

EMBASE

1. exp maxilla sinusitis/ or exp chronic sinusitis/ or exp paranasal sinusitis/ or exp sinusitis/ or exp frontal sinusitis/
2. exp nose polyp/

3. exp rhinosinusitis/ or exp chronic rhinosinusitis/
4. exp aspirin exacerbated respiratory disease/

5. exp allergic asthma/

6. aerd.tw,kw.

7. nerd.tw,kw.

8. sinusit*.tw,kw.

9. nasal polyp*.tw,kw.

10. rhinosinusit*.tw,kw.

11. aspirin exacerbate*.tw,kw.



12. samter*.tw,kw.

13. exp nonsteroid antiinflammatory agent/

14. exp acetylsalicylic acid/

15. acetylsalicylic*.tw,kw.
16.1or2or3ord4or50r6o0r7or8or9orl0orllorl2orl3oril4orilb
17. exp desensitization/

18. aspirin desensiti*.tw,kw.

19. aspirin desensitization.mp.

20.17 or 18 or 19

21.16 and 20

Cochrane

1. Sinusitis

2. Samter

3. Nasal polyp

4. Nasal poly*

5. Rhinosinusitis

6. Rhinosinusit*

7. Aspirin exacerbated respiratory disease
8. aspirin exacerbate*

9. AERD

10. NERD
11.1or2o0r3ord4or5or6or7or8or9orl0
12. Aspirin desensitization

13. Desensitization

14. aspirin desensiti*

15. #12 or #13 or #14

16. #11 and #15

WHO ICTRP

Search term: (Aspirin exacerbated respiratory disease) OR (AERD) OR (NERD) AND (aspirin desensitization)



Appendix Table 1. Eligibility criteria of each study

First author, ref

| Inclusion criteria

Exclusion criteria

RCTs

Esmaeilzadeh, 2015

e Chronic rhinosinusitis with nasal polyposis in accordance with endoscopic and CT
findings

e Stable asthma with no increase in baseline glucocorticoids for at least 3 months or no
asthma attacks in at least last 6 months

e Aspirin hypersensitivity confirmed by a positive Intranasal Ketorolac and modified oral
aspirin challenge test,

e Age of greater than 18 years

e Smoking

e Pregnancy/Breastfeeding

e History of bleeding diathesis and Gl bleeding

History of ischemic heart disease, stroke, and diabetes
e History of abnormal liver function

Uncontrolled hypertension

Fruth, 2013

e CRS diagnosed by endoscopy and CT findings based on EPOS
o History of asthma and NSAID-triggered hypersensitivity

e Pregnancy

e Hemorrhagic diathesis

e Chronic gastric or duodenal ulcers

o Glucose-6-phosphate dehydrogenase deficiency
e Renal or liver disease

Use of anticoagulation medications

Mortazavi, 2017

e Chronic rhinosinusitis with nasal polyposis in accordance with endoscopic and CT
findings

e Stable asthma with no increase in baseline glucocorticoids for at least 3 months or no
asthma attacks in at least last 6 months

e Aspirin hypersensitivity confirmed by a positive Intranasal Ketorolac and modified oral
aspirin challenge test,

o Age of greater than 18 years

e Preghancy

e History of anaphylactic or type-1 hypersensitivity to aspirin
e History of bleeding diathesis and Gl bleeding

History of abnormal liver function

Stevenson, 1983

e Asthmatic patients with known or suspected ASA sensitivity

Not specified

Swierczynska-Krepa 2013

e Age of 18 to 65 years

o Diagnosis of asthma

e CRSWNP as evidenced by medical records, endoscopic findings and/or CT findings

e Positive history of a prior reaction to aspirin, other NSAIDs, or both confirmed by a
positive response to oral aspirin challenge (for patients with aspirin intolerant
asthmatics)

o Negative history of aspirin hypersensitivity and a negative response to aspirin challenge
(for patients with aspirin tolerant asthma)

e History of life-threatening anaphylactic reactions with NSAIDs
e Uncontrolled asthma, FEV1 of less than 70% of predicted value
e Autoimmune disease

e Severe cardiac, respiratory, Gl, GU, or neurological disease

e Neoplasm

e Pregnancy

Observational studies

McMains 2006 o Patients with CRSWNP undergoing revision endoscopic sinus surgery Not specified
e Positive history and physical exam finding of Samter’s Triad (asthma, nasal polyposis,
aspirin sensitivity)
Sweet 1990 e Documented ASA-sensitive rhinosinusitis/asthma

*CRS = Chronic rhinosinusitis, CRSWNP = Chronic rhinosinusitis with nasal polyposis, EPOS = European Position paper on Rhinosinusitis and Nasal
polyposis, CT = computer tomography




Appendix Table 2. Cochrane Risk of bias tools for RCTs and Non-randomized studies

Overall ratings for risk of bias for each study

RCTs Randomization Allocation Blinding Incomplete Selective Other bias Overall
concealment data Reporting

Esmaeilzadeh Low
2015 + + + + + +

Fruth 2013 + + + + + + Low
Mortazavi 2017 + + + + + + Low
Stevenson 1983 i + i + + + Low
Swizercynka Low
2013 + + + + + +

+ (green), low risk of bias. - (red), high risk of bias.

Observational | Confounding | Selection | Biasin Bias due to Bias due | Biasin Bias in Overall
studies bias measurement | deviations to measurement | selection
classification | from missing of outcomes | of the
intended data reported
interventions result
McMain 2006 ISRV Serious Low Low Serious Serious
Sweet 1990 Serious Serious Low Low Serious ‘ Serious
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Association of aspirin desensitization and duration of therapy

©

Slope (beta) = -0.032 SD units per month (95%Cl -0.068 to 0.003), p,,.=0.034

20
Duration of therapy (months)

95% Confidence Interval Regression slope  © Trial‘

FEV1
Author, year ASA,N  NoASA,N MD (95% CI) Weight
Esmaeilzadeh 2015 18 16 6.78 (1.77,11.78)  40.51
Mortazavi 2017 22 19 5.10(097,9.23)  59.49
Overall (=0%) 5.78 (2.59,8.96)  100.00

Radiologic severity (Lund-Mackay score)
Higher worse, scale 0-24

Author, year ASA,N NoASA,N MD (95% CI)
Swizercynka 2014 7 3 - 4.00 (1.61, 6.39)
Esmaeilzadeh 2015 18 16 - -4.00 (-5.69, -2.31)
Mortazavi 2017 22 19 -0.79 (-9.37, 7.79)

Overall (P=93%) -0.23 (-6.70, 6.25)

Weight

37.79

38.79

23.43

100.00

Medication score
Local, inhaled and oral upper and lower respiratory medications

Author, Year MD (95% CI)  Weight Author, Year

Esmaeilzadeh 2015 4 3.80 (2.66,4.94) 53 Stevenson 1983

Mortazavi 2017 2.00(0.57,3.43) 47

@ 2.95(1.19, 4.71) 100

Swizercynka 2013

Overall (I-squared = 73.1%) Overall (l-squared

<20 -10 0 10 20
Intranasal corticosteroid dose
Microgram budesonide equivalent
MD (95% CI) Weight
411.00 (3.79,81821) 39

-14.00 (-137.64, 109.64) 61

=73.9%) 152.40 (-254.17, 558.97) 100

Favours no ASA  Favours ASA

Asthma worsening

Events, Events, %

Author, Year RR (95% CI) ASA No ASA Weight

Stevenson 1983 6.32(0.84,47.75) 8/38  1/30 21
Esmaeilzadeh 2015 244(0.97,6.17) 11/18 4/16 38
Mortazavi 2017 067(031,1.46) 7/22 99 41
Overall (I-squared = 72.9%) 176 (0.51,6.06) 26/78 14/65 100

010512 10
Favours ASA Favours No ASA

Appendix Figure 2 - Supplementary plots
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Appendix Table 3. Evidence profile
Aspirin desensitization compared to no aspirin desensitization (placebo) AERD

Certainty assessment Summary of findings

ipated absolute effects
alCld Overall With no Risk with no
p?;fé?::)ts of bias Inconsistency|lndirectness|lmprecision Publication cert(;elfmty aspil_'in : With As_piri_n Regg\;/i gi;f)ect aspil_'in : R:zliirc]h;fsegie;?:e
Follow-up VEEREE desensitization|desensitization desensitization desensitization
placebo placebo
Quality of life (assessed with: SNOT-22, SNOT-20, RSDI)
165 not not serious not serious serious 2 none @@@O 22/77 (28.6%) | 52/88 (59.1%) RR 2.00 Trial population
(4 RCTs) |[serious MODERATE (1.31 to 3.06) | 239 per 1,000 | 239 more per
1,000
(74 more to 492
more)
Respiratory symptoms
233 not not serious not serious [not serious © none DPOPP |26/107 (24.3%)|83/126 (65.9%) RR 2.20 Trial population
(5 RCTs) [serious HIGH (1.55 to 2.73) | 300 per 1,000 | 360 more per
1,000
(165 more to
519 more)
AE severe enough to cause discontinuation
233 not not serious not serious serious ¢ none @@@O 2/107 (1.9%) (18/126 (14.3%) RR 4.39 Trial population
(5 RCTs) [serious MODERATE (1.43 to 13.50) | 31 per 1,000 | 106 more per
1,000
(14 more to 393
more)
Asthma exacerbations/worsening
143 not serious f not serious serious ¢ none ° @@OO 14/65 (21.5%) | 26/78 (33.3%) RR 1.76 Trial population
(3 RCTs) |[serious LOW (0.51 t0 6.06) | 215 per 1,000 | 163 more per
1,000
(105 less to
1088 more)
Gastritis
233 not not serious not serious |very serious none ° @@OO 1/107 (0.9%) |13/126 (10.3%) RR 3.84 Observational (52)
(5 RCTs) |[serious € LOW (1.12 to 13.19)| 30 per 1,000 |115 more per
1,000
(4 more to
366 more)
Gl Bleeding
75 not not serious not serious | very serious none @@OO There were two events of major Gl bleeding out of 75 participants across two trials,
(2 RCTs) [serious € LOW one in each trial. In both cases, the participant was on aspirin desensitization.
However, there is high-quality external evidence from the cardiovascular literature
that aspirin increases the relative risk of major bleeding (gastrointestinal and/or
intracranial) by about 1.5 times (48-51). Additional risk factors for bleeding include
prednisone use, hypertension, diabetes, smoking, male sex (48, 51) and weight or
BMI (48, 50, 51).
Death
233 not not serious not serious |very serious none @@OO There were no reported deaths in all studies.
(5 RCTs) |serious e LOW




Aspirin desensitization compared to no aspirin desensitization (placebo) AERD

Certainty assessment Summary of findings

Forced expiratory volume in 1 second

75 not not serious not serious serious ? none S1o1]1@) 35 40 - The mean forced MD 5.78
(2 RCTs) [serious MODERATE expiratory percent
volume in 1 predicted
second was 82 higher
percent (2.59 higher to
predicted 8.96 higher)
Medication burden (assessed with: Medication score)
75 not serious serious ¢ serious ¢ none o000 35 40 - The mean MD 2.95 units
(2 RCTs) [serious VERY LOW medication lower
burden was (4.71 lower to
12.28 units 1.19 lower)
Medication burden (assessed with: Intranasal corticosteroid dose (mcg budesonide equivalent))
83 not serious serious " serious ¢ none 1000) 38 45 - The mean MD 152.4 mcg
(2 RCTs) [serious VERY LOW medication lower
burden was 144|(558.97 lower to
mcg 254.17 higher)
Severity of rhinosinusitis (assessed with: Radiologic (CT) Lund-Mackay score; Scale from: O to 24)
85 not | very serious | serious’ serious 2 none 1000) 38 47 - The mean MD 0.23 units
(3 RCTs) [serious VERY LOW severity of lower
rhinosinusitis (6.7 lower to
was 13.6 units 6.25 higher)

Cl: Confidence interval; RR: Risk ratio; MD: Mean difference

Explanations
a. Rated down for imprecision due to not enough sample size and statistical information to meet TSA requirements, despite relatively narrow confidence intervals.

b. Given the other limitations (imprecision), we did not rate up for large effect
c. We did not rate down for imprecision because TSA showed sufficient statistical information to reach conclusions had accumulated.

d. Rated down for imprecision due to not enough sample size and statistical information to meet TSA requirements, and wide Cls

e. Rated down two levels for imprecision because of such few events +/- very wide Cls.

f. Rated down for inconsistency because the point estimates were variable with minimal overlap in Cls

g. Rated down for indirectness because there was non-uniform importance in the components of the medication score (eg. need for eye drops versus need for systemic
corticosteroids).

h. Rated down for indirectness because this is a surrogate for corticosteroid burden and overall (including systemic dosing) corticosteroids was not reported.

i. Rated down for indirectness because the the Lund-Mackay score is a surrogate for disease severity for rhinosinusitis.




Standardized mean difference with 95%CI

-1.5

Appendix Table 4. Subgroup and sensitivity analyses

Quality of life (SMD)

Respiratory symptoms
(SMD)

AE causing
discontinuation (RR)

Asthma worsening
(RR)

Gastritis (RR)

Meta-regression and sub:

roup analyses (presented

as ratio of RRs) with 95%

CI; p values are interaction tests

Treatment duration
(per month)

1.00 (-0.062 to 2.06)

-0.032 (-0.068 to
0.0027)

0.98 (0.90-1.06)

0.98 (0.89-1.08)

0.98 (0.90-1.07)

Interaction

p=0.034

p=0.034

p=0.57

p=0.69

p=0.66

Co-intervention (FESS
vs no FESS at
enrolment)

0.95 (0.39-2.31)

-0.87 (-1.88 t0 0.14)

0.55 (0.042-7.23)

0.64 (0.045-9.28)

Interaction

p=0.92

p=0.40

p=0.65

p=0.75

Dose of aspirin (per
gram)

0.91 (0.33-2.49)

1.00 (-0.062 to 2.06)

1.78 (0.19-17.00)

4.35(0.17-112.32)

2.13 (0.18-25.36)

Interaction

p=0.85

p=0.038

p=0.61

p=0.38

p=0.55

Risk of bias
(Low vs High)

Interaction

Sensitivity analyses

Within-arm event rate

-0.98 (-1.34 to 0.62)

-1.08 (-1.54 to -0.62)

3.65 (1.16-11.51)

1.70 (0.45-6.51)

3.26 (0.92-11.49)

Exclude all missing
data or lost to follow
up (Available case
analysis)

0.98 (-1.34 to -0.62)

-1.00 (-1.39t0 -0.61)

4.01 (1.20-13.46)

1.77 (0.52-6.04)

4.67 (1.21-18.01)

Worst case scenario

-0.84 (-1.21 to -0.48)

035 (-1.37 t0 0.68)

12.31 (3.93-38.59)

1.81 (0.57-5.70)

10.97 (3.10-38.79)

Fixed effect model

20.95 (-1.31 to -0.59)

0.94 (-1.32 t0 -0.56)

4.60 (1.51-14.01)

1.59 (0.92-2.75)

4.13 (1.22-14.04)

Hartung-Knapp-
Sidik-Jonkman
random effects model

-0.95 (-1.22 to -0.69)

-0.94 (-1.60 to -0.28)

4.39(2.62-7.37)

1.76 (0.12-25.21)

3.84 (2.10-7.02)

Reciprocal continuity
correction

4.57 (1.45-14.42)

1.76 (0.51-6.06)

4.06 (1.13-14.65)

Empirical continuity

correction

531 (1.49-18.89)

1.76 (0.51-6.06)

5.01 (1.22-20.58)

0
|

-1

Symptom score sensitivity analyses

5
1
+

1

2 3
Standard deviation of IMDoM

’0 Summary effect  + Lower & Upper CI

-6

*Significant p values are calculated using 10 000 Monte Carlo based random permutations to avoid spurious findings (36)

1

Standardized mean difference with 95%ClI

-1.4

1

2 3
Standard deviation of IMDoM

g

® Summary effect

+ Lower & Upper Cl




Appendix Table 5. Credibility assessment of potential effect modifiers (modified from GRADE inconsistency guidelines to include ‘other

considerations’)

Outcome

Respiratory symptoms

Potential effect modifier

Criteria
Is the subgroup variable a
characteristic specified at
baseline (in contrast with
after randomization)?
Is the subgroup difference
suggested by comparisons
within rather than between
studies?
Does statistical analysis
suggest that chance is an
unlikely explanation for the
subgroup difference?
Did the hypothesis precede
rather than follow the
analysis, and include a
hypothesized direction that
was subsequently
confirmed?
Was the subgroup
hypothesis one of a small
number tested?
Is the subgroup difference
consistent across studies
and across important
outcomes?
Does external evidence
(biological or sociological
rationale) support the
hypothesized subgroup
difference?

Absence of other
considerations that would
decrease confidence of true
effect-modification?

Treatment duration

Yes

No

Possibly, p=0.034

Yes

Yes, 3 analyses

No

No

No, imprecision

FESS co-intervention

Yes

No

No, p=0.20

Yes

Yes, 3 analyses

No

Yes, removal of nasal
polyps before
desensitization may
facilitate its anti-
inflammatory effect.

No, imprecision

Dose-response

Yes

No

Possibly,
p=0.034

Yes

Yes, 3 analyses

No

Yes, higher
dose of aspirin
might result in
more adverse
effects
(including
asthma
exacerbation)
and therefore
less treatment
benefit

No, imprecision
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Appendix Figure 3 - Trial sequenﬁal analysis
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