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Background:  There is limited information about outcomes associated with stopping 38 

asthma biologics.   39 

Objective:  To compare outcomes in people who stopped or continued asthma 40 

biologics. 41 

Methods:  We identified a cohort of people with asthma who stopped or continued 42 

asthma biologics in the Optum Labs Database Warehouse, using a propensity matching 43 

method for case and control groups with the variables age, sex, race, region, insurance, 44 

income, specialist access, Charlson comorbidity, specific medical conditions, pre-index 45 

exacerbation count, pre-index rescue inhaler pharmacy fills, and pre-index inhaled 46 

corticosteroid +/- long-acting �-agonist pharmacy fills.  The primary outcome used to 47 

assess failure of stopping was an increase of 50% or more in the asthma exacerbation 48 

rate in the six months after discontinuing the biologic compared to the six -month period 49 

before biologic initiation.  50 

Results:  Among a cohort of 4,960 asthma biologic users, 1,249 were observed to stop 51 

use after 6-12 months of use.  We identified a matched cohort of 1,247 stoppers and 52 

1,247 people who continued biologic use for at least 18 months.  In the first 6 months 53 

after stopping/sham stopping, 10.2% of stoppers and 9.5% of continuers had an 54 

increase of 50% or more in asthma exacerbations.  We found a similar adjusted odds of 55 

failing among stoppers and continuers [OR: 1.085; (95% CI 0.833 to 1.413)].  56 

Conclusion:  An increase in asthma exacerbations is infrequently observed in people 57 

who stopped asthma biologics and was observed at similar rates as in matched controls 58 

who continued asthma biologics.      59 

Key words:  asthma; biologics; monoclonal antibodies; step down treatment 60 

 61 

Jo
urn

al 
Pre-

pro
of



Abbreviations:  Healthcare Effectiveness Data and Information Set (HEDIS); Inhaled 62 

corticosteroid (ICS); long-acting �-agonist (LABA); OptumLabs Data Warehouse 63 

(OLDW); Medicare Advantage (MA); medication possession ratio (MPR) 64 

  65 

HIGHLIGHTS: 66 

What is already known about this topic?  Clinical trial data suggest that the risk of 67 

asthma exacerbation may increase after stopping asthma biologics.  68 

What does this article add to our knowledge?  This observational, controlled, and 69 

pragmatic analysis of US insurance claims data suggests that people who stop asthma 70 

biologics have a similar risk of increased asthma exacerbations as those who continue 71 

asthma biologics. 72 

How does this study impact current management guidelines?  Current asthma 73 

guidelines are silent on if, when, or how to stop asthma biologics.  Data from this study 74 

suggest that stopping asthma biologics may not be associated with an increased risk of 75 

asthma exacerbation for many people.  76 
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INTRODUCTION 78 

Asthma is a common, costly, and sometimes fatal disease.1–3 Medications can help 79 

individuals control asthma,4 with the leading goal of medication management being to 80 

use the least amount and safest medication to control symptoms and reduce risks of 81 

exacerbations.  One strategy to achieve this goal involves “stepping down” asthma 82 

medications when disease stability permits, which could include stopping the 83 

medication, reducing the frequency of use, or reducing the dose. Current asthma 84 

guidelines suggest that asthma controller medications can be stepped down after 3-12 85 

months of disease stability.4 Studies of stepping down asthma medications have 86 

focused primarily on inhaled corticosteroids and long-acting β-agonists (ICS/LABA).5     87 

 88 

Asthma biologics are a class of asthma controller medications that are produced 89 

from living organisms.  The 5 currently FDA-approved biologic medications for 90 

asthma are omalizumab (approved 2003), mepolizumab (2015), reslizumab 91 

(2016), benralizumab (2017), and dupilumab (2017).  Recent guidelines address 92 

many key questions surrounding when to start and how to select asthma 93 

biologic medications.6 However, there is limited information on outcomes 94 

associated with stepping down asthma biologic medications.7–12 We 95 

compared  individuals who stopped to those who continued asthma biologics, 96 

using an observational health insurance claims data set derived from clinical 97 

practice in a broad variety of settings in the United States. 98 

 99 

METHODS 100 
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We used data from the OptumLabs Data Warehouse (OLDW), a database of 101 

longitudinal administrative health data including medical and pharmacy claims, 102 

laboratory results, and enrollment records for commercial and Medicare Advantage 103 

(MA) enrollees from across the United States. We identified a cohort of people with 104 

asthma from February 2003 to June 2020 using a modified version of the Healthcare 105 

Effectiveness Data and Information Set (HEDIS) definition of persistent asthma.13 The 106 

cohort includes people who had a) at least one ED visit or inpatient encounter with a 107 

principal diagnosis of asthma, or b) at least 4 outpatient encounters on different days 108 

with an asthma diagnosis (any position) plus at least two asthma medication fills, or c) 109 

at least four asthma medication fills in a rolling 365 -day period. For criterion c), if all 110 

asthma medication fills were for leukotriene modifiers or antibody inhibitors, at least 1 111 

asthma diagnosis for any type of visit (ED, inpatient, or outpatient) was also required. 112 

 113 

From the cohort of people with asthma, we identified those who had at least one 114 

administration or pharmacy fill of one of the five asthma biologic drugs. We created 115 

episodes of biologic use, starting with the first observed administration or pharmacy fill 116 

of a particular biologic drug, and continuing until the patient had a break of 120+ days in 117 

treatment or had filled or been administered a different asthma biologic drug. To ensure 118 

we were capturing the beginning of the biologic use episode, we required 6 months of 119 

medical and pharmacy coverage with no asthma biologic claims prior to the start of the 120 

episode. To limit bias from differential periods of follow-up, we censored all people at 18 121 

months after their index date (first administration/fill of an asthma biologic). See 122 

Supplementary Materials for a diagram illustrating these requirements (Figure E1). 123 

 124 
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We excluded biologic use episodes that lasted less than 6 months, which is generally 125 

considered an adequate trial period for people who can tolerate a biologic treatment. 126 

We then categorized patients into stoppers and continuers. Stoppers discontinued 127 

biologic use after 6 to 12 months of treatment and had 6+ months of follow-up after 128 

discontinuing. Continuers remained on biologic treatment for at least 18 months (see 129 

Table 1 for description of full cohort).  130 

 131 

We estimated consistency of ICS/LABA controller medication use by calculating a 132 

medication possession ratio (MPR) over the six months prior to index asthma biologic 133 

use. The MPR was calculated as the sum of days supplied for use during the period 134 

divided by the number of days in the period; previously filled medications were carried 135 

over from prior fills, and medications available for use after the period ended were 136 

excluded.  We assessed whether patients had accessed specialist care for asthma by 137 

looking for one or more visits to a pulmonologist or allergist in the 6 months before index 138 

biologic use. 139 

 140 

Treatment response in the initial 6 months of biologic use was defined as a reduction of 141 

at least 50% in the number of exacerbations, compared to the six months prior to index 142 

biologic use. People with no exacerbations during the pre-period could not achieve 143 

treatment response, by this definition. Exacerbations were defined as a hospital or 144 

emergency department visit with asthma in first diagnostic position (or second if another 145 

respiratory diagnosis was in the first position), or a systemic corticosteroid fill associated 146 

with an outpatient visit. In secondary analyses, we looked only at severe exacerbations, 147 
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defined as hospital or emergency department only (i.e., excluding those who met 148 

exacerbation criteria by outpatient systemic corticosteroid criterion).   149 

 150 

Because the decision to stop or continue biologic use was not random, we used 151 

propensity score matching to create a matched cohort of continuers and stoppers 152 

balanced on observed characteristics other than treatment time. We estimated 153 

propensity scores for stopping treatment, with the following variables included in the 154 

propensity score equation: pre-index exacerbation count, age, sex, race/ethnicity, 155 

geographic region, insurance type (commercial vs. Medicare Advantage [MA]), 156 

household income, allergist or pulmonologist visit, flags for each Charlson comorbidity, 157 

chronic idiopathic urticaria, atopic dermatitis, GERD, rhinitis, sinusitis, COPD, the 158 

number of pre-index reliever fills, and pre-index ICS/LABA MPR. Charlson conditions 159 

were assessed using claims from the 6 months prior to the index date, requiring a single 160 

instance of one of the diagnoses defining the conditions.14–16 We selected a matched 161 

cohort of continuers and stoppers with adequate propensity score overlap for analysis of 162 

outcomes after biologic discontinuation. One-to-one nearest neighbor matching without 163 

replacement was used, with a caliper width of 0.2. We assigned continuers a sham 164 

“stopping date” to allow comparison with stoppers. The sham stopping date for 165 

continuers was calculated by assigning each continuer the same treatment time as the 166 

matched stopper.  167 

To protect the anonymity of people whose insurance claims are included in the OLDW, 168 

researchers are not allowed to disclose any patient counts between 1 and 10. In the 169 

final step of cohort creation, a small number (<11) of people who stopped asthma 170 

biologic use were not matched to continuers. To allow presentation of as much 171 
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information as possible throughout the rest of the manuscript, we have removed those 172 

people from all patient counts in the cohort flow and tables. 173 

 174 

Outcomes 175 

The primary outcome used to assess failure of discontinuation was an increase of 50% 176 

or more in the asthma exacerbation rate in the six months after discontinuing the 177 

biologic (or after the sham discontinuation date) compared to the six -month period 178 

before biologic initiation.  The secondary outcomes were time to exacerbation for 179 

stoppers vs. continuers, with continuers assigned a sham end date as the index date for 180 

the analysis, as described below; and severe exacerbations, defined as exacerbations 181 

involving an ED visit or hospitalization. 182 

 183 

Analysis 184 

The primary outcome was assessed in the propensity-matched cohort, comparing the 185 

proportion of stoppers and continuers who had at least 50% more exacerbations in the 186 

6 months after stopping/sham stopping compared to the six months before biologic 187 

treatment. The odds ratio was calculated, along with a 95% confidence interval, and 188 

McNemar’s chi-squared test was completed.A non-parametric analysis of the secondary 189 

outcome of time from stopping/sham stopping date to exacerbation was conducted, with 190 

Kaplan-Meier survival curves plotted for stoppers vs. continuers.Hypothesis tests were 191 

considered statistically significant if the p-value was less than 0.05; distributions of 192 

cohort characteristics were compared using t-tests for continuous variables, a two-193 

sample test of proportions, or chi-squared tests for categorical variables with 3 or more 194 

levels. Analysis was performed using SAS v. 9.4 and R v. 3.6.3. 195 
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 196 

RESULTS 197 

Cohort description 198 

We identified a cohort of 4,958 biologic users with asthma, of whom 1,247 (25.1%) were 199 

observed to stop biologic use before being censored by the end of the study period or 200 

discontinuation of insurance enrollment (Table 1). Additional detail about the individual 201 

elements of the Charlson index are available in the supplement (Table E1).  Because it 202 

was on the market the longest, omalizumab was the most frequently used drug (67.5%, 203 

N=3,347), followed by dupilumab (19.8%; N=980), mepolizumab (10.2%; N=503), 204 

benralizumab (1.7%; N=82), and reslizumab (0.9%; N=46). Stoppers were more likely to 205 

have MA insurance than continuers (MA patients were 22.0% of the stopper cohort and 206 

18.8% of the continuer cohort). They were also more likely to have seen an allergist or 207 

pulmonologist in the pre-period (6 months before index biologic use), more likely to 208 

have COPD, and had slightly more reliever fills in the period 6 months prior to index 209 

biologic use. Stoppers and continuers were similar in their ICS/LABA use in the pre-210 

period, as estimated by the MPR (0.33 [sd 0.36] vs. 0.36 [sd 0.37]; p=0.0580), but 211 

neither group had high adherence using that measure (Table 2). When treatment 212 

response was defined using all exacerbations, stoppers had somewhat higher rates of 213 

treatment response in the first six months of biologic use (31.6% compared to 25.6%, 214 

p<0.001). However, when looking only at severe exacerbations, stoppers and 215 

continuers had similar rates of treatment response (10.5% compared to 10.3%, 216 

p=0.8533).  217 

Descriptive analysis of response to treatment and discontinuation   218 
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An alluvial flow diagram depicts the full cohort’s asthma biologic experience (Figure 1). 219 

Of 1,864 people who had one or more exacerbations in the 6 months before index 220 

biologic use, 1,344 (72.1%) achieved treatment response during their biologic treatment 221 

period of 6 or more months (a reduction of 50% or more in the 6-month rate of 222 

exacerbations). Of these, 950 (70.7%) continued biologic use until censored at 547 223 

days (i.e., 18 months) after treatment initiation; 394 (29.3%) of treatment responders 224 

stopped biologic treatment after 6-12 months of treatment, averaging 257.1 days of 225 

treatment (sd 53.1). 226 

 227 

Of the 520 patients with 1 or more asthma exacerbations in the pre-period who did not 228 

respond to treatment (i.e., did not achieve at least a 50% reduction in exacerbation rate 229 

during treatment), 91 (17.5%) stopped biologic treatment (mean 300.2  days of 230 

treatment [sd 45.4]), while 429 (82.5%) continued biologic treatment until censored at 231 

547 days of treatment (i.e., 18 months). 232 

 233 

Primary outcome analysis 234 

Among all stoppers, 127 (10.2%) failed discontinuation of the asthma biologic in the 6 235 

months after stopping, defined as an increase of 50% or more in exacerbations. In the 236 

propensity matched cohort, the odds of failing discontinuation were slightly higher 237 

among stoppers compared to continuers assessed after a sham end treatment stop 238 

date, but the difference was not statistically significant (OR: 1.087 CI: 0.825, 239 

1.435).  This OR reflects observed discontinuation failure rates of 10.2% of stoppers 240 

and 9.5% of continuers.  241 
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In a secondary analysis using only severe exacerbations, stoppers and continuers had 242 

similar odds of discontinuation failure (OR: 1.216 CI: 0.770, 1.932).  243 

We also conducted a sensitivity analysis with the propensity matched cohort that 244 

defined stepdown failure as any increase in asthma exacerbations compared to the pre-245 

period. We found, similarly, that odds of failing discontinuation were slightly higher 246 

among stoppers compared to continuers assessed after a sham end treatment stop 247 

date, but the difference was not statistically significant (OR: 1.109 CI: 0.850, 248 

1.448).   This change in definition did not affect the analysis looking only at severe 249 

exacerbations, identifying the same number of treatment failures, and thus the same 250 

odds of discontinuation failure as the analysis defining treatment failure as a 50% 251 

increase in exacerbation rate (OR: 1.216 CI: 0.787, 1.879).   252 

Finally, because asthma exacerbations have a seasonal component, we conducted a 253 

sensitivity analysis calculating 12-month exacerbation rates in the pre-period and in the 254 

period after stopping or sham stopping. After propensity score calculation, we were able 255 

to achieve matches for 625 stoppers. In the propensity matched cohort, the odds of 256 

failing discontinuation were slightly higher among stoppers compared to continuers 257 

assessed after a sham end treatment stop date, but the difference was not statistically 258 

significant (OR: 1.125 CI: 0.792, 1.601). Looking only at severe exacerbations, stoppers 259 

again had slightly higher but insignificant odds of discontinuation failure (OR: 1.500 CI: 260 

0.890, 2.566) when compared to continuers. 261 

Time to first exacerbation after stopping treatment 262 

To compare risk of early asthma exacerbation after stopping biologic treatment, we 263 

plotted Kaplan-Meier survival curves for stoppers versus continuers (Figure 2). The first 264 
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day at risk in this analysis was the stopping date for stoppers or the sham stopping date 265 

for continuers. We found no difference in time to first exacerbation between the groups 266 

in the main analysis (p=0.09) or in a secondary analysis using only severe 267 

exacerbations (p=0.45) (Figure 3). 268 

 269 

DISCUSSION 270 

In this observational cohort study of people with asthma who used a biologic treatment 271 

for at least six months, we did not find statistically significant increases in asthma 272 

exacerbations or decreases in time to first asthma exacerbation after stopping biologic 273 

therapy as compared to a propensity-score-matched control group of people who 274 

continued asthma biologics. These data suggest that deciding to stop asthma biologic 275 

treatment could be a feasible option for many people with asthma.  276 

 277 

Because this study used pre-existing administrative data, outcomes were limited to 278 

those that can be assessed using claims data. Asthma exacerbations are an important 279 

outcome frequently used in clinical trials, but they are not the only measure of treatment 280 

success. Uncontrolled asthma can reduce quality of life in the absence of asthma 281 

exacerbations, with sufferers missing school or work, having trouble sleeping, or having 282 

frequent symptoms like coughing, wheezing, and exercise intolerance. We observed 283 

many patients who discontinued biologic use after a good treatment response and many 284 

others who continued biologic use with no observed treatment response, when 285 

treatment response is measured by exacerbation reductions. These patients may have 286 

made treatment continuation decisions based on the effect of biologic therapy on other 287 

aspects of quality of life, including reduction of symptoms other than exacerbations, as 288 
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well as factors that would lead to stopping, including cost, side effects, and access to 289 

care.  290 

This cohort had low estimated ICS/LABA treatment consistency before starting biologic 291 

treatment, with an average MPR below 40%. Furthermore, more than half the cohort did 292 

not experience an exacerbation in the 6 months before index biologic use. This may 293 

indicate that patient selection for treatment is suboptimal.17  Alternatively, physicians 294 

and patients may be making rational treatment decisions based on factors other than 295 

exacerbations and ICS/LABA treatment use. Unlike ICS/LABA controllers which must 296 

be used every day, most biologics are dosed once or twice a month. MPRs and 297 

treatment persistence have been found to be higher in medications dosed weekly or 298 

monthly vs those dosed daily.18–20 Patients who find it difficult to maintain consistent use 299 

of a daily controller medication may want to try a less frequently administered controller. 300 

The findings from this observational study should be considered in the context of 301 

previous studies of stopping asthma biologics.  Two randomized controlled trials 302 

assessed outcomes for stopping versus continuing asthma biologics. The XPORT trial 303 

randomly assigned 88 long-term omalizumab users to switch to placebo and assessed 304 

outcomes every 4 weeks for 1 year, assessing outcomes similar to ours: the proportion 305 

having one or more asthma exacerbation and time to first asthma exacerbation.7  In that 306 

study, stoppers were more likely to have one or more exacerbation in the year following 307 

randomization (53% vs 33% in the continuer cohort: OR 2.2). In the time-to-event 308 

analysis for XPORT, the separation between continuers and stoppers occurred primarily 309 

in the first 6 months, making the 6-month measurement period in our primary analysis a 310 

realistic time frame for assessment of differences. Stoppers in the XPORT trial 311 
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experienced a greater hazard of exacerbation (hazard ratio for stoppers vs. continuers: 312 

2.04). Our observational data found no statistically significant differences in either of 313 

these outcomes in a much larger sample (1861 per arm vs. 88 per arm in XPORT). 314 

Possible reasons for this discrepancy include 1) selection of most appropriate 315 

candidates for discontinuation (i.e., patients and clinicians of the patients who were at 316 

lowest risk were the ones who chose to stop using the biologic), 2) differences in post-317 

biologic treatment (i.e., patients in XPORT received a placebo and no other changes to 318 

their treatment regimen, while patients in our study may have switched to an alternative 319 

medication), 3) biased ascertainment in our study (i.e., patients who discontinued 320 

biologics may have been less likely to be observed to have an exacerbation). However, 321 

our cohort experienced similar exacerbation rates to the XPORT continuer cohort, which 322 

may mean that biased ascertainment is not a major concern.  323 

The second RCT of asthma biologic discontinuation (currently unpublished, but with 324 

results publicly posted) included people with at least 3 years of treatment with 325 

mepolizumab who were randomized to continue (n=141) or stop (n=151) for 1 year, with 326 

assessments  every 3 months.21  At 6 months, the percentage of people who had an 327 

asthma exacerbation was lower in people who continued mepolizumab (32% in 328 

mepolizumab versus 49% in stoppers), results that are very similar to results seen for 329 

omalizumab in XPORT.6  When the asthma exacerbation definition was restricted to 330 

events involving ED or hospitalization only (excluding the criteria of systemic steroid 331 

given as outpatient), the percentage of people experiencing an asthma exacerbation 332 

was similar between stopping and continuing, and very infrequent (5% in mepolizumab 333 

and 6% in placebo).  These trials, when taken together, show a consistent pattern of a 334 
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small but statistically significant increase in asthma exacerbations in people randomly 335 

assigned to stop omalizumab or mepolizumab. 336 

There are several non-controlled studies of stopping asthma biologics.8–12,22–25  These 337 

studies help inform exacerbation rates in people who are not participating in clinical 338 

trials.  For example, Vennera et al report on a cohort of 49 people who stopped 339 

omalizumab, with 24% having an asthma exacerbation over 1 year of follow-340 

up.22  Deschildre et al report a case-controlled nested study of 60 children who stopped 341 

and continued omalizumab (30 in each group), and found no asthma exacerbations in 342 

either group during a 12 month observation period.23  These studies, together with 343 

findings in this study, may suggest that patients and their doctors choosing to stop 344 

biologics are making appropriate decisions.  345 

 346 

Limitations 347 

Our study has some important limitations. Most importantly, this is an observational 348 

study and despite our efforts, there may be residual confounding. The choice to stop 349 

biologics was not randomly assigned and may have been driven by factors other than 350 

treatment effectiveness, including cost and access to biologic treatment. Second, we 351 

were limited to outcomes that can be ascertained with administrative data, and were 352 

unable to measure some important outcome domains, including quality of life. In 353 

addition, claims data do not allow us to know whether and when people used controller 354 

medications or whether they had controller medications received as samples, 355 

purchased medicines without insurance, or carried over from months or years before. 356 

Third, we performed the primary analysis in all people who stopped asthma biologics, 357 

not just people who had an initial treatment response.  Future research to understand 358 
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and further define response to asthma biologics may allow for better prediction of 359 

outcomes after biologic discontinuation.  Fourth, the results apply best to people in the 360 

US who have commercial or Medicare Advantage insurance (and the other 361 

characteristics listed in Table 1).  Fifth, the study design does not allow us to know the 362 

“reason” that people stopped or continued the asthma biologic.  We suspect that 363 

insurance and costs of medication are important factors in deciding to stop and 364 

continue.13  Finally, we have fewer observations and thus less information on the newer 365 

asthma biologics (i.e., those other than omalizumab). 366 

 367 

These limitations should be weighed against considerable strengths, including the 368 

inclusion of a large, generalizable cohort; randomized controlled trials of asthma 369 

biologics have had highly selected populations with fewer comorbidities and follow 370 

patients treated in academic medical centers with highly protocolized treatment 371 

regimens.26–29 Observational data may provide a more accurate depiction of treatment 372 

outcomes in the population that actually uses biologics.  The propensity matched 373 

analysis allowed for a meaningful comparison of outcomes after stopping biologics. 374 

Although we were limited in the outcomes we could include, we were able to capture the 375 

primary outcome used in clinical trials for asthma biologics--asthma exacerbation--in our 376 

dataset, and also performed a time-to-event analysis as an alternative method to 377 

assess this outcome.   378 

We identified a low overall risk in this study for stopping asthma biologics, a risk that is 379 

similar to continuing the asthma biologic.  These data suggest that many people may be 380 

able to successfully stop asthma biologics.  More studies in this area will help to better 381 

define this risk.  It will be important to perform studies that may help predict which 382 
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people fall into a high -risk category for stopping, and apply prediction rules to help 383 

providers and their patients with decisions about ongoing asthma biologic 384 

treatments.  Also, it will be important to study outcomes over a longer -term period 385 

(years) and to incorporate additional outcomes that are important to people such as 386 

quality of life and control of day-to-day symptoms.  For all of these reasons, we believe 387 

the data from this study can be useful to inform clinical guidelines by raising the 388 

possibility that stopping asthma biologics is possible.  Nonetheless, the risk associated 389 

with randomly assigned stopping, based on data from 2 trials, is still likely higher than 390 

continuing, even if that risk overall is low and mostly related to risks of outpatient oral 391 

corticosteroid use rather than exacerbations leading to ED and hospital visits.  392 

 393 

Conclusions 394 

In this study using real world evidence to assess outcomes after stopping asthma 395 

biologic treatment, we did not find an increased risk of exacerbation associated with 396 

stopping biologics. The results from this study, along with results from previous studies, 397 

can be used to help patients and clinicians decide whether to stop or continue asthma 398 

biologic treatment. 399 

  400 
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Table 1.  Cohort description 402 

  Full Cohort After Propensity Matching 
(k=0.2, w/o replacement) 

Standardized 
Differences* 

Variable Continu
er 

Stoppe
r 

p 
value 

Continu
er 

Stoppe
r 

p 
value 

Full 
Cohor

t 

Matche
d 
Cohort  

N 3,104 1,410   1,394 1,394       

Days on Treatment, 
Mean (SD) 

547 
  (0) 

263.35 
(54.1) 

<0.000
1 

547 (0) 263.64 
(54.22) 

<0.000
1 

7.414 7.391 

Pre-Index 
Exacerbation Count, 
Mean (SD) 

0.65 
  (0.96) 

0.67 
(0.96) 

0.5806 0.67 
(0.97) 

0.66 
(0.96) 

0.9843 0.018 0.001 

Pre-Index Severe 
Exacerbation Count 
Mean (SD) 

0.18 
  (0.53) 

0.19 
(0.52) 

0.599 0.21 
(0.58) 

0.19 
(0.51) 

0.3325 0.017 0.037 

Age , Mean (SD) 
47.48 

(17.03) 
52.38 

(17.37) 
<0.000

1 
52.03 

(17.64) 
52.32 

(17.42) 
0.6571 0.285 0.017 

Age Group                 

0-17 
242 

  (7.8) 
65 (4.6) <0.000

1 
84 (6) 65 (4.7) 0.2774 0.132 0.061 

18-64 
2,399 

  (77.3) 
945 
(67) 

919 
(65.9) 

934 
(67) 

0.231 0.023 

65+ 
463 

  (14.9) 
400 

(28.4) 
391 (28) 395 

(28.3) 
0.331 0.006 

Sex                 

Female 
1,902 

  (61.3) 
860 
(61) 

0.8566 852 
(61.1) 

850 
(61) 

0.9381 0.006 0.003 

Male 
1,202 

  (38.7) 
550 
(39) 

542 
(38.9) 

544 
(39) 

0.006 0.003 

Race                 

Unknown/Missin
g 

127 
  (4.1) 

88 (6.2) 0.0025 74 (5.3) 79 (5.7) 0.9556 0.097 0.016 

Asian 
104 

  (3.4) 
53 (3.8) 54 (3.9) 53 (3.8) 0.022 0.004 

Black 
291 

  (9.4) 
159 

(11.3) 
157 

(11.3) 
159 

(11.4) 
0.063 0.005 

Hispanic 
245 

  (7.9) 
115 
(8.2) 

106 (7.6) 115 
(8.2) 

0.010 0.024 
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White 
2,337 

  (75.3) 
995 

(70.6) 
1,003 
(72) 

988 
(70.9) 

0.106 0.024 

Region                 

Midwest 
796 

  (25.6) 
301 

(21.3) 
0.0039 310 

(22.2) 
300 

(21.5) 
0.6591 0.101 0.017 

Northeast 
354 

  (11.4) 
174 

(12.3) 
151 

(10.8) 
171 

(12.3) 
0.029 0.045 

South 
1,460 
  (47) 

728 
(51.6) 

709 
(50.9) 

719 
(51.6) 

0.092 0.014 

West 
492 

  (15.9) 
204 

(14.5) 
222 

(15.9) 
202 

(14.5) 
0.039 0.040 

Insurance                 

Commercial 
2,550 

  (82.2) 
862 

(61.1) 
<0.000

1 
878 (63) 861 

(61.8) 
0.5063 0.480 0.025 

MedicareAdvant
age 

554 
  (17.8) 

548 
(38.9) 

516 (37) 533 
(38.2) 

0.480 0.025 

Household Income                 

<$40,000 
420 

  (13.5) 
277 

(19.6) 
<0.000

1 
268 

(19.2) 
274 

(19.7) 
0.7764 0.165 0.011 

$40,000-$74,999 
632 

  (20.4) 
316 

(22.4) 
337 

(24.2) 
314 

(22.5) 
0.050 0.039 

$75,000-124,999 
766 

  (24.7) 
333 

(23.6) 
314 

(22.5) 
333 

(23.9) 
0.025 0.032 

$125,000-
$199,999 

534 
  (17.2) 

158 
(11.2) 

170 
(12.2) 

158 
(11.3) 

0.172 0.027 

$200,000+ 
428 

  (13.8) 
135 
(9.6) 

139 (10) 135 
(9.7) 

0.131 0.010 

Unknown/Missin
g 

324 
  (10.4) 

191 
(13.5) 

166 
(11.9) 

180 
(12.9) 

0.096 0.030 

Allergist/Pulmonolog
ist visit 

2,542 
(81.9) 

1,198 
(85) 

0.0112 1,172 
(84.1) 

1,183 
(84.9) 

0.5652 0.083 0.022 

Charlson 
Conditions** 

                

0-1 
2,416 
(77.8) 

973 
(69) 

<0.000
1 

986 
(70.7) 

970 
(69.6) 

0.8031 0.201 0.025 

2-3 
510 

(16.4) 
302 

(21.4) 
281 

(20.2) 
292 

(20.9) 
0.128 0.020 
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4+ 
178 (5.7) 135 

(9.6) 
127 (9.1) 132 

(9.5) 
0.145 0.012 

Baseline 
Comorbidities 

                

Chronic Urticaria 
302 

  (9.7) 
155 
(11) 

0.1921 145 
(10.4) 

152 
(10.9) 

0.6674 0.041 0.016 

Atopic Dermatitis 
747 

  (24.1) 
277 

(19.6) 
0.001 284 

(20.4) 
277 

(19.9) 
0.7409 0.107 0.013 

GERD 
1,368 

  (44.1) 
627 

(44.5) 
0.8039 631 

(45.3) 
626 

(44.9) 
0.8491 0.008 0.007 

Rhinitis 
2,493 

  (80.3) 
1,063 
(75.4) 

0.0002 1,039 
(74.5) 

1,056 
(75.8) 

0.4563 0.119 0.028 

Sinusitis 
1,938 

  (62.4) 
789 
(56) 

<0.000
1 

789 
(56.6) 

784 
(56.2) 

0.8485 0.132 0.007 

COPD 
929 

  (29.9) 
536 
(38) 

<0.000
1 

513 
(36.8) 

526 
(37.7) 

0.6106 0.171 0.019 

Depression 
828 

  (26.7) 
426 

(30.2) 
0.0139 415 

(29.8) 
418 
(30) 

0.9012 0.078 0.005 

Number of Reliever 
Fills in 6 months 
pre, Mean (SD) 

2.09 
  (2.82) 

2.31 
(3.07) 

0.0206 2.24 
(3.01) 

2.28 
(3.05) 

0.6709 0.073 0.016 

ICS/LABA MPR in 6 
months pre index, 
Mean (SD) 

0.37 
  (0.37) 

0.37 
(0.37) 

0.9701 0.36 
(0.37) 

0.37 
(0.37) 

0.9027 0.001 0.005 

Response to 
biologic (% reducing 
exacerbations by 
50% after 6 months 
biologic use) 

861 
  (27.7) 

474 
(33.6) 

<0.000
1 

387 
(27.8) 

468 
(33.6) 

0.0009 0.128 0.126 

Response to 
biologic (% reducing 
severe 
exacerbations by 
50% after 6 months 
biologic use) 

361 
  (11.6) 

165 
(11.7) 

0.9443 181 (13) 164 
(11.8) 

0.3282 0.002 0.037 

*Standardized differences are commonly provided to quantify the success of propensity score matching in 
reducing differences between two cohorts. The standardized difference is the mean difference divided by 
its standard deviation. **Analyses included binary indicator variables for each Charlson condition. 

Proportions with each condition are reported in Supplemental Table E1.  
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Table 2: Asthma severity indicators before, during, and after biologic treatment episode; 405 

includes N=3,711 continuers and N=1,247 stoppers 406 

  Measure Continuers: 
before 

biologic 
initiation (6 
  months) 

Continuers: 
during 

biologic 
treatment* 

Stoppers: 
before 

biologic 
initiation 

(6 months) 

Stoppers: 
during 

biologic 
treatment* 

Stoppers: 
after 

stopping 
(6 months) 

Exacerbations Mean (SD) 0.65 (0.96) 0.36 (0.6) 0.67 (0.97) 0.5 (0.82) 0.33 (0.69) 

Median 
(Q1, Q3) 

0 (0, 1) 0 (0, 0.33) 0 (0, 1) 0 (0, 0.77) 0 (0, 0) 

ICS/LABA 
  MPR 

Mean (SD) 0.37 (0.37) 0.37 (0.36) 0.37 (0.37) 0.36 (0.37) 0.32 (0.35) 

Median 
(Q1, Q3) 

0.3 (0, 0.66) 0.27 (0, 0.67) 0.28 (0, 
0.67) 

0.24 (0, 
0.67) 

0.16 (0, 
0.59) 

Reliever 
  Fills 

Mean (SD) 2.09 (2.82) 1.45 (2.15) 2.31 (3.07) 1.67 (2.64) 1.37 (2.46) 

Median 
(Q1, Q3) 

1 (0, 3) 0.67 (0, 2.01) 1 (0, 3) 0.64 (0, 
2.21) 

0 (0, 2) 

* Presented as rate per 6 months across the treatment time 
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Figure 1: Cohort experience with biologic treatment 
This alluvial flow diagram shows the full cohort’s experience.  Treatment response is 
defined as having achieved a 50% or more decrease in exacerbations during 6-month 
treatment period.  People are then sorted based on stopping, matching, and post-
stopping asthma exacerbations.  

Figure 2: Time to exacerbation after stopping date/sham stopping date, Stoppers vs 
Continuers: propensity score matched cohort 

Figure 3: Time to Severe exacerbation after stopping date/sham stopping date, 
Stoppers vs Continuers: propensity score matched cohort 
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Stopper
Meets 

asthma 

cohort 

criteria

First asthma 

biologic fill/ 

administration

6+ months 6 to 12 months

Last asthma 

biologic fill/ 

administration

6+ months

Start of study 

(1/1/2003) OR 

beginning of 

insurance 

enrollment)

End of study  

(6/30/2020) OR 

end of 

insurance 

enrollment)

Continuer
Meets 

asthma 

cohort 

criteria

First asthma 

biologic fill/ 

administration

6+ months
18 months

Censor date 

(18 months 

after first 

biologic use)

0+ days

0+ days

Note: could discontinue biologic use 

during the period between censor 

date and end of observation

Start of survival analysis

Randomly selected date 6 
to 12 months after index 

fill; set as 180 days + 

random draw from 
normal distribution with 

mean and sd of the 
distribution of days of 

treatment after 180 days 

for the stopper cohort.

Censor date 

(18 months 

after first 

biologic use)
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