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Abstract

Objective. The objective of this study is to explore the sino-
pulmonary outcomes of aspirin desensitization through a
systematic review and meta-analysis.

Data Sources. Embase and OVID Medline databases.

Review Methods. A systematic review of published articles on
outcomes following aspirin desensitization in any language for
relevant articles was performed in February 2019. Outcomes
included sinonasal quality-of-life assessment, sense-of-smell
scores, FEV-1 (forced expiratory volume in | second), and
medication/steroid use.

Results. Thirteen studies met the inclusion criteria out of
6055 articles screened. Aspirin desensitization resulted in
significant improvement in FEV-I and reduction in asthma
medication/steroid use (P < .05). There was no significant
improvement in the sinonasal quality of life of patients who
underwent aspirin desensitization (P = .098).

Conclusion. Aspirin desensitization appears to be effective in
improving pulmonary outcomes and should be considered in
the treatment of patients with aspirin-exacerbated respira-
tory disease. However, good-quality studies are still needed to
determine the ideal protocol tailored to individual patients.
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spirin-exacerbated respiratory disease (AERD) is a
condition characterized by a tetrad of chronic rhino-
sinusitis, nasal polyposis, asthma, and aspirin sensi-
tivity. When compared with patients with aspirin-tolerant
chronic sinusitis, patients with AERD undergo 10-times
more sinus surgery.' Diagnosis of AERD is based on a posi-
tive clinical history of rhinosinusitis, nasal polyposis, and

worsening of respiratory symptoms with exposure to aspirin
or other NSAIDs (nonsteroidal anti-inflammatory drugs). In
the United States, >1.3 million people are affected by this
disease.? Treatment entails a combination of optimal medical
therapy for chronic rhinosinusitis, asthma symptom control,
endoscopic sinus surgery, and aspirin desensitization. The
cost of AERD is a function of the combined expenditures of
the individual components of the tetrad with the cumulative
effect of chronic disease. Historically, aspirin desensitization
originated with the discovery of aspirin sensitivity in a
subset of patients with asthma. It was later discovered that
patients could become desensitized in the late 1970s and
early 1980s, shortly after AERD became a distinct diagnosis.
Stevenson et al® published a case report describing 2 patients
with a history of positive oral aspirin challenges who were
subsequently treated with daily aspirin desensitization regi-
mens. Their aspirin doses were escalated from 325 mg to
650 mg, resulting in drastic improvements in their clinical
course. Since then, several studies have shown improve-
ments in quality of life, nasal polyp burden, and need for sur-
gical intervention as a result of aspirin desensitization.

The aspirin desensitization protocol has evolved over the
years to optimize results and minimize patient inconveni-
ence. There have been several protocols implemented by
various institutions but no standardized approach to these
protocols. Initially, desensitization protocols lasted from 3 to
7 days,*” but currently these can be completed in as little as
9.5 hours.® Historically, desensitization was performed in an
inpatient setting and occasionally in the intensive care unit,’
but more recently, emphasis has been placed on outpatient
protocols. With protocols shifting to outpatient settings,
research institutions have been able to accelerate the desensi-
tization process while maintaining patient safety.” A typical
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Figure 1. PRISMA flowchart.

desensitization starts with pretreatment with a leukotriene-
modifying drug such as montelukast to decrease risk of
lower airway reactions during aspirin exposure.”® This is
followed by incremental exposure of aspirin in 30-, 60-, or
90-minute intervals, determined by the institution. Early
studies utilized aspirin doses ranging from 300 to 2600 mg/
d; however, current studies show symptomatic reactions
between 40 and 160 mg.® Generally, patients’ symptoms are
controlled medically before continuing escalation of dose
until reaching the target dose of aspirin. Afterward, patients
with AERD will remain on a daily aspirin dose that may be
adjusted per clinical improvement.

The objective of this study is to describe the treatment
outcomes of aspirin desensitization in patients with AERD
through a systematic review and meta-analysis. To our
knowledge, no previous meta-analysis was performed to
evaluate the effects of aspirin desensitization on sinopulmon-
ary outcomes.

Materials and Methods
Data Sources and Searches

A systematic review of the literature via OVID and Embase
was conducted after the search protocol was implemented. A
list of keywords and MeSH terms related to asthma,
Samter’s triad, AERD, aspirin, and NSAIDs was used as
seen in Appendix 1 (available online). Two reviewers inde-
pendently searched the literature, and articles were gathered
in February 2019. Studies were included if they contained

publishable data. There were no restrictions on the language
of the articles, and articles were translated to be used in the
analysis.

Study Eligibility

Studies were evaluated that concerned participants who
underwent aspirin desensitization and eventual daily therapy
with aspirin. Inclusion criteria included studies that had
patients with documented AERD, utilized a detailed desensi-
tization protocol, and were randomized controlled trials
(RCTs) or case series with comparable data. Exclusion cri-
teria included articles that did not evaluate sinopulmonary
outcomes, did not include a detailed desensitization protocol
and aspirin regimen, or had irretrievable or repeated pub-
lished data.

Data Extraction and Assessment

The PRISMA flowchart of the study is presented in Figure
I. A total of 7462 articles were initially reviewed for elig-
ibility. Two authors independently screened the titles and the
abstracts. Finally, studies with measurable or comparable
outcomes of interest were deemed eligible for this study.
Any disputes were met with discussion and, if need be,
resolved by a third reviewer (M.R.C.). Reviewers used
Mendeley software to remove duplicates and organize the
articles in the search. The following information was
extracted for our study: (1) study characteristics (authors,
year of publication, country of origin, study design, sample
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Table |. Characteristics of the Studies Included in Our Analyses.

Study Type of study Blinding method Quality (grade) Country
Juergens (1995)"? Cohort — 3 USA
Mortazavi (2017)"* RCT DBPC 2 Iran
Lee (2010)'* RCT SB 2 USA
Esmaeilzadeh (2015)'® RCT DBPC 2 Iran
Makowska (2016)° Cohort — 3 Poland
Naeije (1984)%' Cohort — 4 Belgium
Swierczynska-Krepa (2014)% Cohort — 3 Poland
Fruth (2013)"7 RCT DBPC 2 Germany
Cho (2014)3 Cohort — 3 USA
Jerschow (2017)** Cohort — 3 USA
McMains (2006)'® RCT Not specified 2 USA
Adappa (2018)* Cohort — 3 USA
Tyrak (2016)%¢ Cohort — 3 Poland

Abbreviations: DBPC, double-blind placebo controlled; RCT, randomized controlled trial; SB, single blinded.

size), (2) patient demographics (age, sex), (3) inclusion and
exclusion criteria, and (4) treatment dosage (maintenance
aspirin, <650 mg; higher dose of aspirin, >650 mg). Using
the Cochrane Collaboration’s tool for assessing risk of bias,
2 authors (A.E.W. and M.R.C.) independently reviewed the
articles.’

Outcomes Measured

Sinonasal Outcomes. Comparable studies of the meta-analysis
were organized in the following categories:

e Endoscopic polyp grading

e Change in radiologic severity of chronic rhinosinusi-
tis (Lund-McKay score)

e Sinus quality-of-life scores, including the Sino-Nasal
Outcome Test (SNOT-22 or SNOT-20), Rhinocon-
junctivitis Quality of Life Questionnaire (RQLQ),
and the Rhinosinusitis Disability Index (RSDI), or
sense-of-smell test scores (Sniffin Sticks; Burghardt)

Pulmonary Outcomes. Pulmonary outcomes included forced
expiratory volume in 1 second (FEV-1), asthma control test,
and asthma medication (oral or inhaled steroid) measured in
amount used per day.

For clinical trials or cohort studies with 2 independent
groups, the mean and standard deviation (SD) were used in
the analyses for the differences in study outcomes between
the treatment and control groups. For cohort studies without
a control group, the mean and SD were used in the analyses
for the difference in study outcomes before and after treat-
ment on the same patients. Most studies did not report varia-
tion in the difference before and after treatment, and pooled
SDs were estimated with the reported treatment and control
groups’ SDs and sample sizes. For studies that reported quar-
tiles instead of SDs, we estimated SDs based on methods
published by Wan et al in 2014."°

Study Quality Assessment

Studies were graded according to the guidelines published
by the Center of Evidence Based Medicine'":

Level 1: Good-quality RCT

Level 2: Low-quality RCT or good-quality cohort

Level 3: Case-control study, good-quality retrospective
cohort

Level 4: Poor-quality cohort study or case series

Level 5: Expert opinion

Statistical Analysis

We computed the standardized mean difference (SMD) in
each study for each outcome and then used a random effect
model to estimate the overall difference. Weights and forest
plots were reported for description. We also examined het-
erogeneity with Cochran’s Q test and I°. If heterogeneity
were detected, we conducted stratified analyses by covariates
to ensure homogeneity within subgroups. We applied Egger’s
test'? and Begg and Mazumdar’s test'> to detect publication
bias. All computation was performed by Comprehensive Meta-
analysis (version 3; Biostat).

Results

Study Characteristics

Review of the OVID and Embase databases for unique stud-
ies revealed 6055 articles. A total of 13 articles were identi-
fied per the inclusion and exclusion criteria. General
characteristics of the studies are listed in Table I. The stud-
ies were published between 1984 and 2018. There were 5
RCTs'*'® and 8 cohorts.'”?® From the 13 studies retrieved,
6 were performed in the United States, 3 in Poland, 2 in
Iran, 1 in Belgium, and 1 in Germany. Ten studies had a
scheduled follow-up period,'*!72%222 while 3 studies had
variable periods of follow-up.'®!%2!
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Sinus Quality of Life Score

Stud - . . oo .
nam: Outcome Statistics Sample Size Weight Std diff in mean and 95% CI RCT Region Dose
std Std variance Lower Upper z- p- Treatment Control Relative Relative
diffin  error limit limit value  value weight Weight
means
Fruth 2013 0.83 039 RSDI 015 -159 -007 -215 003 18 12 N | e ——— 1 Germany 0
Cho 2014 -497 062  SNOT-22 039 619 375 -7.97  0.00 21 21 10.68 i 0 USA 1
Esmaeilzadeh
2015 360 056 SNOT-22 031 251 469 648  0.00 18 16 109 N 1 Iran 0
Makowska 1
2016 -402 087 RALQ 075 572 231 463  0.00 8 8 9.65 ] 0 Blank 0
Mortazavi ,
2017 212 041  SNOT-22 016 292 -133 524 000 19 19 14 N = 1 Iran 0
Jerschow 2017 -070 036  RQLQ 013  -142 001 -193 005 16 16 156 } 0 USA 1
McMains 2006~ 0.88  0.57  SNOT-20 033 024 200 155 012 5 10 10.89 i 1 USA 0
Adappa 2018 058 026 SNOT-22 007 -108 -008 -226 002 32 32 11.81 , 0 USA 1
Tyrak 2016 -0.69 038  Researcher defined 014 -143 005 -1.83 007 15 15 uss T 0 Poland 0
—
Random ] " 1] 1] L]
model -1.00___ 0.60 036 218 018 -165 _ 0.10

Significant heterogeneity (Cochran’s Q: p = 0.000, 12 = 94.34). Publication Bias: Egger’s p = 0.67. Begg and Mazumdar p = 0.25
Figure 2. Forest plot with study weights for sinonasal quality-of-life outcome. Five studies utilized SNOT-20/SNOT-22 scoring, 2 RQLQ, |
RSDI, and | researcher defined. Confidence intervals at the “0” line indicate no significant difference. RCT, randomized controlled trial;
RQLQ, Rhinoconjunctivitis Quality of Life Questionnaire; RSDI, Rhinosinusitis Disability Index; SNOT, Sino-Nasal Outcome Test.

Smell Score
Study - : . e o .
name Outcome Statistics Sample Size Weight Std diff in mean and 95% CI RCT Region Dose
std std variance  Lower  Upper  Z- p- Treatment  Control  Relative  Relative
diff in error limit limit value  value weight Weight
means
Fruth 2013 031 037  Sniff sticks 013 -040 103 086 039 18 5215 ! —t | 1 Germany 0
Makowska
2016 444 093  smell scores 087 262 627 477  0.00 8 ass R 0 Blank 0
Random
model 229 206 426 -175 633 111 027 100 0.5 oo 080 o

Significant heterogeneity (Cochran’s Q: p = 0.000, 12 = 94.130). Publication Bias: too few studies.
Figure 3. Forest plot for the sense-of-smell outcome. The study weights and confidence intervals are included for both studies. Confidence
intervals at the “0” line indicate no significant difference. RCT, randomized controlled trial.

Sinonasal Outcomes

The sinus quality-of-life scores were compared among 9
studies retrieved (Figure 2). Five studies used SNOT-20/
SNOT-22 scores as outcome measures, 2 used RQLQ, and 1
used RSDI. The scores were mapped to the [0,1] interval for
standardization of the scoring systems. There was no signifi-
cant improvement in sinonasal quality of life with aspirin
desensitization (SMD = —1, P = .098). Overall, there was
heterogeneity in the studies that examined sinonasal quality-
of-life scores. Stratifying the studies into paired and indepen-
dent 2-sample ¢ test still showed heterogeneity in the studies.
No study performed an independent 2-sample ¢ test with a
high maintenance dose of aspirin.

Regarding smell scores, no significant improvement was
seen in treatment groups There was heterogeneity in the stud-
ies included (Cochran’s O: P < .0001, I* = 94.13; Figure 3).

Of the 13 studies that utilized endoscopic polyp grading,
2 were compared,'”?* and there was significant heterogene-
ity (Cochran’s O: P < .0001, P =97.49).

Regarding Lund-McKay scores, 4 studies included this
outcome with no significant results with pooled analysis.
There was no heterogeneity in the studies (Figure 4).

Pulmonary Outcomes

Pooled analyses of the 3 studies that included medication/
steroid use showed a statistically significant reduction in the
use of medications (SMD = —0.792, P < .0001; Figure 5).
There was no significant heterogeneity in the studies (Cochran’s
Q: P =721, > =0.000).

Regarding FEV-1, there was a statistically significant
improvement (SMD = 0.451, P = .031) in the analyses of
studies that included this outcome measure (Figure 6).
Additionally, there was no significant heterogeneity (Cochran’s
Q: P =292, = 19.337) in the studies.

Discussion

AERD significantly affects sinonasal and pulmonary quality
of life. Treatment often consists of medical management of
asthma and associated chronic rhinosinusitis. Patients often
require sinus surgery with the goal of removing polyps and
maintaining patent sinuses for topical delivery of steroid irri-
gations. Treatment that targets the phenotype of the disease,
such as aspirin desensitization, should be explored as an
option to stabilize the disease and avoid revision sinus sur-
gery. Over the past 4 decades, there has been a growing
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Lund Mckay (Independent)

Study name Statistics Sample Size Weight Std diff in mean and 95% Cl RCT Region Dose
std diff  Std variance Lower Upper Zvalue  pevalue Treatment  Control Relative Relative
in error limit limit weight Weight
means
Esmaeilzadeh
2015 491 0.69 0.47 3.56 6.26 7 0 18 16 4926 [N 1 Iran 0
Mortazavi 2017 -0.06 0.32 0.11 -0.69 0.58 0 1 19 19 s074 [N 1 Iran 0
Random model 2.39 2.48 6.17 2 7 1 0.34 " o oo o o
Significant heterogeneity (Cochran’s Q: p =0.000, 12 = 97.65). Publication bias: too few studies.
Lund Mckay (Paired)
Study name Statistics Sample Size Weight Std diff in mean and 95% Cl RCT Region Dose
Std diff Std variance Lower Upper Z-value p-value Treatment Control Relative Relative
in error limit limit weight Weight
means
Makowska
2016 -0.88 0.52 0.27 1.90 0 2 0 8 8 50.58 . 1 1 0 Blank 0
Swierczynska- " | | . |
Krepa 2014 0.18 0.54 0.29 0.87 1 [} 1 7 7 49.42 - t 0 Poland 0
*_—— 1
Random model -0.36 0.53 0.28 -1 1 -1 0.50 100 250 000 050 1.00

No significant heterogeneity (Cochran’s Q: p = 0.160, 12 = 49.31). Publication bias: too few studies.
Figure 4. Forest plot for Lund-McKay outcome. The study weights and confidence intervals are included for all the studies and divided into
independent and paired. Confidence intervals at the “0” line indicate no significant difference. RCT, randomized controlled trial.

Change in Medication/ Steroid Use

Study name Statistics Sample Size Weight Std diff in mean and 95% CI RCT Region Dose
sddiff  Stderror  variance Lower Upper  Zwalue  pvalue  Treatment  Control Relative Relative
in limit limit weight Weight
means
Juergens 1995 -1.13 0.55 031 221 -0.04 -2.04 0.04 6 10 1270 W 0 USA 1
Mortazavi 2017 -0.87 0.34 0.12 154 021 -2.57 0.01 19 19 3378 3 1 Iran 0
Lee 2007 -0.66 0.27 0.07 -1.19 -0.13 -2.46 0.01 29 29 53.52 [N + 1 USA 1
ot
Random model -0.79 0.20 0.04 2118 041 -4.02 0.00 - e o o -

No significant heterogeneity (Cochran’s Q: p = 0.72, 12 = 0.000). Publication Bias: Egger’s p = 0.090. Begg and Mazumdar p = 0.30.
Figure 5. Forest plot for change in medication/steroid use. A total of 3 studies were included with their weights represented in the table
and confidence intervals. Confidence intervals at the “0” line indicate no significant difference. RCT, randomized controlled trial.

FEV1

Study name Statistics Sample Size Weight Std diff in mean and 95% Cl RCT Region Dose

stddiff  std variance Lower Upper Zvalue  p-value Treatment  Control Relative Relative

in error limit limit weight Weight

means
Esmaeilzadeh
2015 0.00 034 0.12 -0.67 0.67 0.00 1 18 16 2713 1N 1 Iran 0
Juergens 1995 0.46 0.52 0.27 -0.57 1.48 0.87 0 6 10 1380 M | 1 USA 1
Makowska 2016 0.00 0.50 0.25 -0.98 0.98 0.00 1 8 8 148 W 0 Blank 0
Naeije 1984 0.96 0.47 0.22 0.04 1.89 2.04 0.04 10 10 1640 M 0 Belgium 1
Mortazavi 2017 0.83 034 011 017 1.49 245 001 19 19 2775 IS — 1 Iran 0
Random model 0.45 0.21 0.04 0.04 0.86 2.16 0.03 100 230 000 as0 100

No significant heterogeneity (Cochran’s Q: p = 0.29, 12 = 19.37). Publication Bias: Egger’s p = 0.99. Begg and Mazumdar p = 0.40.
Figure 6. Forest plot for FEV-1. A total of 5 studies were included. The study weights and confidence intervals are included for all the stud-
ies. Confidence intervals at the “0” line indicate no significant difference. FEV-1, forced expiratory volume in | second; RCT, randomized con-

trolled trial.

interest in aspirin desensitization treatments for patients with
AERD. Despite reported benefits of aspirin desensitiza-
tion,>”?® there is significant variation in the degree of
improvements and in the outcomes measured. To date, no
study has performed a meta-analysis examining the sinopul-
monary outcomes of aspirin desensitization in patients with
AERD.

Aspirin desensitization has evolved over the years with
variable protocols involving the appropriate desensitization
dosing schedule, maintenance dose, and treatment setting.
Thus far, there has been no standardized protocol for aspirin
desensitization. In our included studies, the maintenance
dose was highly variable between 100 mg'’ and 1300 mg
daily.'®'?%3* In addition, the duration of follow-up was
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variable between 1 month'® and 36 months,'” with most
studies examining 6-month outcomes. Despite earlier studies
reporting a high discontinuation rate (up to 30%) of aspirin
desensitization due to gastrointestinal irritation,?*° aspirin
desensitization appears to be safe. The dropout rate in our
studies due to gastrointestinal side effects was low between
0% and 5.5%, with only 1 study reporting it as high as
33%.%% The gastrointestinal side effects do not seem to corre-
late with the maintenance dose of aspirin. The maintenance
dose aspirin in the study with the highest rate (33%) of gas-
trointestinal side effects was 624 mg daily,* which is lower
than the reported rates of 0% to 5.5% in the studies that used
a high maintenance dose of aspirin of 1300 mg.'*'%*
Additionally, most of the adverse events in the studies were
related to gastrointestinal irritation or dyspepsia and rarely
related to gastrointestinal bleeding.

When focusing on the outcomes of aspirin desensitization
in patients with AERD, our analysis showed its efficacy to
be strongest in improving pulmonary outcomes. This has not
been shown previously, as the studies by Xu et al and Levy
et al examined only sinonasal outcomes.’'? Additionally,
our recorded sinopulmonary outcomes were compiled as a
meta-analysis and included recent RCTs and prospective
cohorts that were not part of the studies by Xu et al and
Levy et al. When all the studies that focused on FEV-1 as an
outcome were combined, aspirin desensitization significantly
improved FEV-1 values. Three of these 5 studies were
RCTs,"*'*! with the 2 largest ones'*'® from the same
country (Iran) but with conflicting results in the control
group. Esmaeilzadeh et al'® showed a significant improve-
ment in FEV-1 in the control (placebo) and treatment
(aspirin) groups. In both these large RCTs,'*'® it was
unclear whether changes in FEV-1 reflected better control of
asthma since there was no significant difference in the
number of asthma exacerbations between the treatment and
control groups. This could be related to the low number of
visits in both groups, and more studies are needed to clarify
this issue. The other pulmonary outcome that was used in
studies was the change in medication and oral steroid use
following aspirin desensitization. Our analysis of the 3 stud-
ies showed a significant decline in the use of asthma medica-
tions and oral steroids.

Regarding sinonasal outcomes, 9 studies included patient
self-reported symptom questionnaires, such as SNOT-20/
SNOT-22, RSDI, and RQLQ. Most of the studies examined
the validated Sino-Nasal Outcome Test (SNOT-20 or
SNOT-22). Four of these studies were RCTs. There was no
statistically significant difference in sinonasal qualify-of-life
scores in patients who underwent aspirin desensitization.
When our results were stratified into low— and high—
maintenance dose aspirin regimen, patients who received a
high maintenance dose (>650 mg) of aspirin had a signifi-
cant improvement in their SNOT-22 scores in 2 studies®>*
with 1 study showing nonsignificant results.* All other

studies, regardless of the outcome assessment tool, had no
significant improvement in sinonasal quality-of-life scores
following aspirin desensitization. The 4 RCTs'*'*!'® that
included low-dose aspirin failed to show any significant
change in sinonasal quality-of-life scores. The lack of
improvement in this particular outcome is largely related to
the significant heterogeneity in these identified studies. The
other sinonasal outcome test that we examined was olfaction,
and pooled analysis did not show any significant change in
smell scores with aspirin desensitization.

Despite the overall positive results and few adverse
events, it is still hard to predict which patients will respond
favorably and what the ideal maintenance dose is. Further
studies should look into the efficacy of the standardization
of the aspirin regimen and outline a customized treatment
plan per patient. The difficulty in conducting such studies is
related to assessing the true therapeutic effects, as most
patients still need to take steroids, antileukotrienes, or beta
agonist due to AERD. The reported sources of variability in
the response of patients to aspirin desensitization include
race and severity of the underlying disease process. Individual
patient variations extend to race, with African American and
Latino patients being more likely to have symptom worsening
with aspirin or failure to complete the initial desensitization as
compared with white non-Latino patients (P = .02).>* This
exemplifies the importance of finding a standardized desensi-
tization regimen with appropriate dosing schedule.

Our study has several limitations. First, there was signifi-
cant heterogeneity in the studies, particularly the ones that
focused on sinonasal outcomes. Second, patient selection
could be an issue given the variability of the disease burden,
with some patients being allowed to continue to use their
rescue inhalers, leukotrienes, and steroids to avoid being
dropped from the study. Finally, it is hard to predict which
patients will encounter adverse events, as some patients
dropped out of the studies.

Despite the clear benefit of this treatment, further studies
are needed to determine which patients will truly benefit,
whether or not this treatment is superior to other treatment
modalities in patients with AERD, and at what point this
treatment is initiated when surgery is contemplated, as
patients who need extensive surgery will need to be off the
aspirin to avoid bleeding.

Conclusion

There is an overall paucity of well-designed RCTs examin-
ing the sinopulmonary outcomes of aspirin desensitization in
patients with AERD. However, given the current literature
and few adverse effects of this treatment modality, there
appears to be a clear benefit of this treatment in reducing
FEV-1 and medication use for asthma in improving pulmon-
ary outcomes. A standardized protocol tailored to individual
patients needs to be established, as this treatment should be
included in the management algorithm of patients with AERD.
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