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Background: Loss of bronchoprotection (LOBP) with a regularly used long-acting B,-
adrenergic receptor agonist (LABA) is well documented. LOBP has been attributed to ,-
adrenergic receptor (B2AR) downregulation, a process requiring farnesylation, which is inhibited
by alendronate.

Objective: We sought to determine whether alendronate can reduce LABA-associated LOBP in
inhaled corticosteroid (ICS)-treated patients.

Methods: We conducted a randomized, double-blind, placebo-controlled, parallel-design, proof-
of-concept trial. Seventy-eight participants with persistent asthma receiving 250 pg of fluticasone
twice daily for 2 weeks were randomized to receive alendronate or placebo while initiating
salmeterol for 8 weeks. Salmeterol-protected methacholine challenges (SPMChs) and PBMC
B2AR numbers (radioligand binding assay) and signaling (cyclic AMP ELISA) were assessed
before randomization and after 8 weeks of ICS plus LABA treatment. LOBP was defined as a
more than 1 doubling dose reduction in SPMCh PCyq value.

Results: The mean doubling dose reduction in SPMCh PCy value was 0.50 and 0.27 with
alendronate and placebo, respectively (P=.62). Thirty-eight percent of participants receiving
alendronate and 33% receiving placebo had LOBP (~=.81). The after/before ICS plus LABA
treatment ratio of B2AR number was 1.0 for alendronate (2= .86) and 0.8 for placebo (P=.15; P
= .31 for difference between treatments). The B2AR signaling ratio was 0.89 for alendronate (P=.
43) and 1.02 for placebo (P = .84; P= .44 for difference). Changes in lung function and B2AR
number and signaling were similar between those who did and did not experience LOBP.

Conclusion: This study did not find evidence that alendronate reduces LABA-associated LOBP,
which relates to the occurrence of LOBP in only one third of participants. LOBP appears to be less
common than presumed in concomitant ICS plus LABA-treated asthmatic patients. B2AR
downregulation measured in PBMCs does not appear to reflect LOBP.

Keywords

[B2-Adrenergic receptor; bronchoprotection; downregulation; bisphosphonate; loss of
bronchoprotection; controller therapy; salmeterol; p,-agonists

Bo-Adrenergic receptor agonists (BAs) engage their receptor and stimulate a signaling
pathway that results in smooth muscle relaxation, thereby reducing bronchial airway
narrowing and protecting against bronchoconstrictors. Furthermore, loss of
bronchoprotection (LOBP) is the reduction in the ability of BAs to protect against airway

narrowing in response to bronchoconstrictors. LOBP occurs with regular BA use, both short-

acting p,-adrenergic receptor agonists and long-acting p,-adrenergic receptor agonists
(LABAS),1-5 and is reflected in reactivity to “direct” bronchoconstrictors, such as
methacholine? and histamine,® and “indirect” provocation, such as exercise’ and allergen.®

International asthma guidelines recommend adding a LABA when inhaled corticosteroids
(1CSs) inadequately control symptoms,® but 58% to 81% of asthmatic patients do not
achieve optimal control with this strategy.10 LOBP could be partially responsible for the
incomplete effectiveness observed when LABAs are concomitantly used with 1CSs.11
Therefore medications that prevent LOBP could improve control in such patients.
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The mechanism responsible for LOBP is unknown but might relate to B,-adrenergic receptor
(B2AR) downregulation through internalization,}2 B2AR phosphorylation by G protein—
coupled receptor (GPCR) kinases,13 and/or uncoupling from the adenylyl cyclase-mediated
signaling pathway,14 among other mechanisms.1® Corticosteroids were initially
hypothesized to preserve bronchoprotection based on /n vitro studies demonstrating their
ability to increase B2AR expressiont6:17 but were later found in most /n7 vivo studies to be
unable to preserve bronchoprotection.18-23

Jiang et al?* recently demonstrated a critical role for farnesyl diphosphate synthase in B2AR
internalization. Farnesylation is required for translocation of the small GTPase Rab5 to the
plasma membrane,2> where it is required for BA-induced B2AR endocytosis.2® Nitrogen-
containing bisphosphonates, like alendronate, are specific inhibitors of farnesyl diphosphate
synthase.27+28 |n human airway smooth muscle cell-based assays this group also showed
that alendronate prevents both BA-induced internalization and loss of functional activation.
24 Furthermore, preliminary data on human lung slices suggest that alendronate preserves
bronchoprotection against acetylcholine after long-term BA exposure (Rajendran,
unpublished data).

We hypothesized that alendronate would reduce the LOBP that occurs with regularly
administered LABASs despite concomitantly used ICSs. Therefore we conducted a
randomized, controlled, proof-of-concept trial (Alendronate for Asthma [ALfA] trial) to
evaluate changes in bronchoprotection after alendronate use measured with salmeterol-
protected methacholine challenge (SPMCh) in participants with persistent, ICS-treated
asthma for whom LABA treatment was added. We sought to identify the mechanism
responsible for LOBP by quantifying B2AR cell-surface density and signaling in samples
obtained from participants before and after exposure to regularly administered ICS plus
LABA treatment. Additionally, because we previously showed that high fraction of exhaled
nitric oxide (Feno) levels predict LOBP in ICS-naive patients,” we explored Feno’s role in
predict-ing LOBP in ICS plus LABA-treated asthmatic patients. Additionally, because
salivary a-amylase (SAA) levels are B2AR regulated?%-30 and based on our preliminary data
indicating that SAA increases acutely with salmeterol exposure (Moy, unpublished data), we
also explored sAA as a potential biomarker for B2AR dynamics.

METHODS

Participants

Eligible participants (1) were 18 years or older, (2) had physician-diagnosed asthma, (3) had
evidence of either bronchodilator reversibility (postbronchodilator FEV1 >12%) or airway
hyperresponsiveness (PCog <8 mg/mL), (4) had a percent predicted FEV1 of 50% or greater
and FEV of 1 L or greater, and (5) were taking stable ICS controller monotherapy for 4 or
more weeks. The ALfA study protocol (Clinicaltrials.gov ) was approved by the institutional
review board at all participating institutions. All participants provided written informed
consent. A data and safety monitoring board monitored the study. The full study protocol
and additional details appear in this article’s Online Repository at www.jacionline.org.
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Study design and treatment

Mechanistic

This was a 10-week, randomized, double-blind, placebo-controlled, parallel-arm trial.
Participants with persistent asthma were treated with 250 pg of fluticasone propionate twice
daily during a 2-week run-in period and then randomized to receive either 10 mg/d oral
alendronate or placebo with 250 g of fluticasone propionate and 50 pg of salmeterol in a
combination Diskus device twice daily for 8 weeks during the treatment phase (Fig 1).
Eligible participants were recruited from the community from January 2015 to May 2016 at
9 US sites from the National Heart, Lung, and Blood Institute’s AsthmaNet research
network.

Prior asthma treatments (including short-acting Bo-adrenergic receptor agonists) were
discontinued to prevent potential confounding on B2AR dynamics. Participants used 17 pg
per puff of ipratropium as a primary rescue inhaler during the study. SPMCh was used to test
LOBP, as previously described,*22:23:31 with participants receiving 2 puffs of open-label
fluticasone/salmeterol (115/21 pg) 1 hour before starting methacholine challenge. SPMCh
PCyq values were measured at randomization and after 8 weeks of treatment. Participants
were excluded if their SPMCh value was 16 mg/mL or greater at randomization (Fig 2).

procedures

Peripheral blood was collected at randomization and after 8 weeks of treatment, and
biochemical assays were conducted on PBMCs to determine B2AR cell-surface density
(radioligand binding assay; see Appendix E1 in this article’s Online Repository) and
signaling (BA-induced cyclic AMP [cAMP]; ELISA according to the manufacturer’s
instructions from Applied Biosystems, Foster City, Calif; see also additional details on
cAMP ELISA in the ALfA protocol [Appendix E2] in this article’s Online Repository). We
determined sAA levels (Salimetrics, Carlsbad, Calif) from saliva samples before and 1 hour
after salmeterol administration during these 2 study visits. FEno values were measured at
both visits.

Outcome measures

The primary outcome was change in SPMCh PC, value after 8 weeks of treatment
expressed as logarithm base 24:18.23.31: we defined LOBP as a doubling dose reduction in
SPMCh PCy value of greater than 1, no LOBP as no reduction in LOBP, and an
indeterminate response as a doubling dose reduction of greater than O but less than 1. The 2
prespecified secondary outcomes were change in PBMC B2AR cell-surface density and
B2AR signaling. Exploratory outcomes included the change in magnitude of acute
salmeterol-induced sAA increases. We also explored whether Feno values predicted LOBP
and whether alendronate improved asthma control using the Asthma Control Test (ACT).

Statistical analysis

Participants were randomized 1:1 to the alendronate and placebo groups. The only
stratification factor was clinical partnership (8 levels), with permuted blocks of size 4 per
stratum. Descriptive analyses were performed by using the #test or Wilcoxon rank sum test
for continuous variables and the Fisher exact test for categorical variables. The primary
outcome for statistical analysis was the change in logarithm base 2 of the SPMCh PCy
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value.32 The primary comparison was the visit 2 to visit 3 mean change in primary outcome
for the alendronate versus placebo groups. We applied a blocked/stratified ANOVA to
compare the alendronate and placebo groups, where blocks/strata consist of our 8
partnerships (representing 9 clinical sites). A similar analysis was performed to compare the
LOBP and no LOBP groups. Logistic regression with adjustment for partnership was used to
calculate the odds of LOBP for the alendronate versus placebo groups. Because of small
sample sizes for the LOBP outcome, we pooled some of the partnerships. Finally, we
estimated Pearson correlation coefficients to investigate linear relationships within pairs of
variables. All analyses followed the intention-to-treat paradigm. We conducted a set of
secondary analyses per protocol. We assumed missingness at random for all of the statistical
analyses. We assumed that placebo-treated participants would experience an average of a 1.1
SPMCh PCy doubling dose decrease with regular fluticasone/salmeterol treatment,1° and
we powered this study to detect at least a 50% decrease in alendronate-treated participants
(approximately 0.55 doubling dose decrease in LOBP). Thus the effect size for the primary
outcome was a difference of 0.55 on the logarithm base 2 scale. A total sample size of 76
participants would achieve 80% statistical power with a 2-sided .05 significance level test to
detect this effect size, allowing for a 10% dropout rate.

We enrolled a total of 137 participants and randomized 78 (38 to the alendronate [34
completions] and 40 to the placebo [39 completions] groups, Fig 2). There was 1
medication-related adverse event per group. There were no significant differences in
demographic, baseline clinical, or spirometric characteristics between treatment groups (¢
test, Wilcoxon rank sum test, or Fisher exact test, as appropriate; Table I).

Participants in both treatment groups experienced a statistically significant prebronchodilator
FEV increase during the 8-week treatment phase with addition of a LABA to an ICS. The
percentage FEV increase between visit 2 (randomization) and visit 3 (end of study) was
6.0% and 8.3% for the alendronate and placebo groups, respectively, but these increases
were similar between groups (P = .50, blocked ANOVA,; see Table E1 in this article’s Online
Repository at www.jacionline.org).

Effects on SPMCh PC,q values

As seen in Fig 3, the visit 2 to visit 3 mean doubling dose change in SPMCh PCyq value for
participants receiving alendronate was —0.50(95% ClI, —1.27 to 0.26; A= .19) and that for
participants receiving placebo was —0.27 (95% CI, —0.78 to 0.24; P= .29, blocked ANOVA).
The doubling dose decrease in SPMCh PCyq values between the alendronate and placebo
groups was similar (P= .62, blocked ANOVA). Thirty-eight percent of participants receiving
alendronate and 33% receiving placebo had LOBP (odds ratio, 1.2; 95% Cl, 0.4-3.4; P=.70,
logistic regression).

B-Receptor density and functional assays

We hypothesized that PBMC B2AR cell-surface density would decrease in participants
regularly receiving ICS plus LABA treatment and that alendronate would attenuate this
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decrease. However, the visit 2 to visit 3 mean B2AR cell-surface density did not
significantly change in either group (visit 3/visit 2 ratio, 1.0 [95% CI, 0.8-1.2; P= .86] for
the alendronate group; visit 3/visit 2 ratio, 0.8 [95% CI, 0.6-1.1; P=.15] for the placebo
group [blocked ANOVAY]). In addition, there was no difference in the visit 2 to visit 3 change
in B2AR cell-surface density between the alendronate and placebo groups (P = .31, blocked
ANOVA). Changes in B2AR cell-surface density during the treatment phase did not
correlate with changes in SPMCh PCyq values (Pearson correlation, Fig 4). Also, the visit 2
to visit 3 change in PBMC B2AR cell-surface receptor density was not significantly
different between participants with LOBP (defined as change in SPMCh PC,q < -1 doubling
dose) and those without (defined as change in SPMCh PCyq > 0; Table 11, blocked ANOVA).

Similarly, we hypothesized that PBMC B2AR signaling would decrease in participants
regularly receiving ICS plus LABA treatment and that alendronate would attenuate this
decrease. However, the visit 2 to visit 3 geometric mean in B2AR signaling did not
significantly change in either group (visit 3/visit 2 ratio, 0.9 [95% CI, 0.7-1.2; P= .43] for
the alendronate group; visit 3/visit 2 ratio, 1.0 [95% CI, 0.8-1.3; P=.84] for the placebo
group [blocked ANOVA]). There was no difference in the visit 2 to visit 3 change in B2AR
signaling between the alendronate and placebo groups (P = .44, blocked ANOVA). Changes
in B2AR signaling during the treatment phase did not correlate with changes in SPMCh
PCyq values (Pearson correlation, Fig 5). Also, the visit 2 to visit 3 change in PBMC B2AR
signaling was similar between participants with and without LOBP (blocked ANOVA, Table

).

Effect of alendronate on sAA levels

SAA levels increased 1 hour after salmeterol administration, with a mean 1.9-fold increase
(95% Cl, 1.7-fold to 2.1-fold; £ < .001) for all participants at visit 2 (blocked ANOVA). The
placebo group did not exhibit a reduction in acute salmeterol-induced SAA increases (visit 3/
visit 2 ratio, 0.9 [95% CI, 0.8-1.1; £=.54]). Although the alendronate group did show such
a reduction (visit 3/visit 2 ratio, 0.8 [95% Cl, 0.6-0.9; £< .01]), the visit 2 to visit 3 change
in acute salmeterol-induced sAA level was not significantly different between treatment
groups (P= .09, blocked ANOVA). Also, visit 2 to visit 3 changes in acute salmeterol-
induced sAA levels did not correlate with changes in SPMCh PC5q values (£ = .80, Pearson
correlation, see Fig E1 in this article’s Online Repository at www.jacionline.org).
Participants without LOBP did not exhibit a reduction in acute salmeterol-induced increases
in SAA levels (visit 3/visit 2 ratio, 0.9 [95% CI, 0.7-1.1; P=.34]). Although participants
with LOBP did exhibit such a reduction (visit 3/visit 2 ratio, 0.8 [95% Cl, 0.6-1.0; £=.06]),
the visit 2 to visit 3 change in acute salmeterol-induced sAA level was similar between
participants with and without LOBP (blocked ANOVA, see Table E2 in this article’s Online
Repository at www.jacionline.org).

Predictive value of FeEno and effect of alendronate on asthma control

Baseline Feno values were similar between participants receiving alendronate (median Feno,
15 ppb) and those receiving placebo (median Feno, 17 ppb; £=.57, Wilcoxon rank sum
test). Feno values did not predict LOBP in either group or in the groups combined (Pearson
correlation, see Fig E2 in this article’s Online Repository at www.jacionline.org).

J Allergy Clin Immunol. Author manuscript; available in PMC 2020 January 09.
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Participants treated with alendronate did not experience a greater improvement in ACT
scores relative to those assigned to the placebo group (P = .14, blocked ANOVA,; see Fig E3
in this article’s Online Repository at www.jacionline.org).

Characterization of participants who had LOBP with regular ICS plus LABA treatment

As mentioned above, visit 2 to visit 3 changes in PBMC B2AR cell-surface receptor density
and signaling were similar between participants with and without LOBP (blocked ANOVA,
Table I1). We also found that participants with LOBP were not different from those who did
not have LOBP in terms of pretreatment phase demographics (age, sex, and race), clinical
features (body mass index and ACT score), lung function (FEV4, bronchodilator response to
albuterol, and airway responsiveness [MCh PCyq]), and biochemical features (Feno and
SAA, t-test, Wilcoxon rank sum test or Fisher exact test, as appropriate; Table 111). However,
participants with LOBP experienced a smaller FEV; increase compared with those without
(3.4% and 7.4% predicted FEV, for the LOBP and no LOBP groups, respectively; £=.06)
after 8 weeks of ICS plus LABA treatment (blocked ANOVA, see Fig E4 and Table E3 in
this article’s Online Repository at www.jacionline.org).

DISCUSSION

We designed the ALfA trial to examine whether prevention of B2AR downregulation by
alendronate would preserve bronchoprotection. Based on prior data, we expected an average
1.1 doubling dose decrease in SPMCh PCyq values. Instead, we only observed a 0.37-point
decrease, with only 36% of participants experiencing a greater than 1 doubling dose
decrease in SPMCh PCyq values. Thus we were not able to assess whether alendronate could
prevent LOBP. However, we have made new observations concerning the frequency of
LOBP and, more importantly, its apparent independence from B2AR downregulation.

Although prior data had suggested that as many as 75% of BA-treated patients experience
LOBP,18-22 we found LOBP in just over one third of our participants. Yates et al8 reported
that in patients regularly administered salmeterol without a concomitant ICS (n = 14), the
mean SPMCh PCyq value decrease was 1.4 doubling dose dilutions; when these same
patients were studied with concomitant ICSs, the mean decrease was 1.1 doubling dose
dilutions. In contrast, we found that the mean SPMCh PCyq value decrease in participants
receiving alendronate was 0.51 doubling dose dilutions, and in those receiving placebo it
was 0.27 (0.37 for the entire group). Few studies have reported regular LABA use—
associated LOBP in terms of proportions or described individual participant-level data to
calculate proportions. Cheung et al3 reported that 75% of participants regularly administered
salmeterol without a concomitant ICS (n = 12) who underwent albuterol-protected
methacholine challenge had LOBP. Kalra et al® described that 75% of participants regularly
administered salmeterol with a concomitant ICS (n = 8) had LOBP.

The less frequent development of LOBP in this trial might be caused by several possible
reasons. First, this trial consists of one of the largest groups (as detailed above) that received
salmeterol to assess LOBP in the setting of concomitantly administered ICSs. Prior results
might have been influenced by smaller sample sizes and been underpowered. Considering
our sample size, it is unlikely for us to have failed to detect LOBP. Indeed, the posterior
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probability of failure to detect LOBP, if it were truly occurring, is equal to 1% (data not
shown).

Second, although many prior studies reported LOBP in the context of LABA monotherapy,
24,58,31.33 3]| participants in this trial used LABAs concomitantly with 1CSs and did so for a
treatment period longer than that of most studies. ICSs confer bronchoprotection,34 which
might counter LABA-associated LOBP. Therefore more prolonged concomitant ICS
administration is a potential reason why our study showed reduced levels of LOBP.

Furthermore, it is possible that the timing of ICS therapy initiation might have counteracted
our ability to detect an LOBP effect. Incremental bronchoprotection is observed several
months after ICS therapy initiation.3> Although all our participants reported receiving ICSs
for more than 1 month before enrollment, participants more recently started on ICSs can
have experienced incremental bronchoprotective ICS effects during the study, countering the
LABA-associated LOBP. We would not have been able to detect such an effect because all
our participants received ICS plus salmeterol and not ICS plus placebo as a comparator
group. Also, even in patients with long-term ICS use before enrollment, ICS adherence
might have increased with study entry; this behavior might also have conferred greater
bronchoprotection and countered LABA effects.38 In fact, in our study participants
experienced a mean 70-mL FEV; increase during the run-in period (P=.047, data not
shown), which suggests that they either recently started ICS therapy or became more
adherent during the run-in period. Indeed, those participants who experienced the largest
FEV increases and Feno value decreases (both known ICS effects) had a lower likelihood
of LOBP, although this only trended toward statistical significance (P=.06 and A= .08,
respectively). Thus future studies on LOBP might benefit from longer run-in periods with
ICSs and a history of LABA-associated LOBP as an inclusion criterion. Conversely, it is
unlikely that a longer treatment duration would have yielded different trial results because

the onset of LABA-associated B2AR downregulation and LOBP are both relatively quick.
4,15

The possibility that increased ICS adherence in a trial can confound the ability to detect
LOBP is reinforced in a trial by FitzGerald et al.23 They conducted a study comparing the
effects on bronchoprotection of regular formoterol versus regular albuterol versus as-needed
albuterol in asthmatic participants who reported treatment with ICSs for at least 1 month.
Reading off their graphical data, they observed only a 0.28 doubling dose decrease in
bronchoprotection with formoterol after 3 months of therapy. However, the group that
received intermittent albuterol had a simultaneous 0.42 doubling dose increase in their PCyq
values, suggesting that there was indeed an incremental bronchoprotective effect occurring.

More than one third of our participants had LOBP. Changes in B2AR cell-surface density
and signaling were similar in participants with and without LOBP. These results suggest that
in patients with persistent asthma regularly using ICS plus LABA treatment, B2AR cell-
surface density and signaling (determined in PBMCs) do not account for LOBP. We
speculate that other means of B2AR regulation independent from B2AR cell-surface density
or signaling through the Gas subunit might account for LOBP development because of
regularly administered ICS plus LABA treatment. These additional mechanisms of B2AR

J Allergy Clin Immunol. Author manuscript; available in PMC 2020 January 09.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Cardet et al.

Page 9

regulation, including B-arrestin-dependent signaling,3” B2AR signaling downregulation by
GPCR-related kinases,38 and heterodimerization between B2AR and other GPCRs,39:40
might have divergent downstream effects without necessarily affecting B2AR numbers or
intracellular cAMP levels. Alternatively, although prior studies on the clinical effects of BAs
have used PBMCs as a proxy for target organ B2AR expression,*142 it is possible that
PBMCs might not adequately reflect downregulation on airway smooth muscle. Future ex
vivo studies using PBMCs might help ascertain whether alendronate regulates PBMC B2AR
levels at the blood concentrations expected in human subjects with oral administration of
alendronate.

Although PBMCs might be more removed from the target organ, SAA production might be
more directly affected. For the first time, we have shown that SAA levels increase
significantly with acute LABA exposure. Although we did not find any correlation between
SAA level reductions and other measures of B2AR dynamics or changes in PC,q values, this
again might be due to not having elicited LOBP as expected with regular ICS plus LABA
treatment in the majority of participants. However, both participants with and without LOBP
experienced a visit 2 to visit 3 reduction in acute salmeterol-induced sAA increases, but this
reduction was not different between those with and without LOBP. Whether the finding of
increases in SAA values with acute LABA exposure becomes clinically relevant in outcomes
other than LOBP remains to be determined and should be the focus of future studies.

We did not observe a difference in change in B2AR number between those who were treated
with alendronate versus placebo. However, fewer than half of participants experienced a
greater than 20% decrease in B2AR cell-surface density (data not shown), which reduced
our power to detect a difference between treatment groups. It is possible that alendronate did
not reach adequate peripheral blood levels because alendronate is quickly absorbed from
blood and preferentially taken up by bone. However, in vitrd*3** data show that alendronate
inhibits farnesylation at drug concentrations (inhibitory concentration of 50%, 10-460
nmol/L) achieved in plasma with orally administered alendronate (157 nmol/L).4°
Furthermore, patients with breast cancer have been reported to experience fewer visceral
metastases with orally administered bisphosphonates,*® suggesting that alendronate is
biologically active in nonosseous tissue at pharmacologic dosing. On the other hand, the
alendronate doses used to prevent BA-induced B2AR endocytosis /17 vitro and to preserve
bronchoprotection ex vivo were approximately 2-log fold greater (10-50 pumol/L) than those
quantified in human pharmacokinetic studies (157 nmol/L). Therefore we cannot rule out
that the lack of a pharmacodynamic effect in our study is caused by insufficient drug
exposure. Conversely, human biological complexity often explains why clinical trials have
negative results despite supportive data derived from reductionist approaches.

Although nearly one third of participants regularly administered ICS plus LABA treatment
had clinically significant LOBP, we did not note a difference in asthma symptoms (ACT
scores) or baseline characteristics between participants with and without LOBP. Although
Feno values predicted LOBP in studies of 1CS-naive patients,” we did not see this in our
study. Because our participants were using ICSs before enrollment, which reduces Feno
values, we might have blunted the ability to detect this signal. In fact, the mean baseline
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Feno value in our study was 21.3 ppb compared with a mean Feno value of 53 ppb in the
study in which baseline Feno values predicted LOBP.

Finally, clinical outcomes were similar between participants with and without LOBP (see
Table E3 in this article’s Online Repository at www.jacionline.org). These data suggest that
LOBP might not relate to the inability of patients receiving ICS plus LABA treatment to
achieve complete symptom resolution. Our findings also reinforce trial data reporting the
lack of a difference in serious asthma-related adverse events between those receiving ICS
plus LABA treatment versus those using ICSs alone,*”48 which prompted the US Food and
Drug Administration to remove the boxed warning of LABASs in combination with ICSs.

In summary, LABA-associated LOBP appears to occur in fewer asthmatic participants than
expected when used concomitantly with ICSs and might occur as a result of mechanisms
other than B2AR downregulation. Because of the reduced incidence of LOBP, we were
unable to determine whether alendronate could preserve bronchoprotection. Whether
LABA-associated LOBP occurs in settings in which increases in adherence with ICSs do not
confound its detection needs to be confirmed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ACT Asthma Control Test

ALTA Alendronate for Asthma trial

BA Bo-Adrenergic receptor agonist

B2AR Bo-Adrenergic receptor

cAMP Cyclic AMP

Feno Fraction of exhaled nitric oxide

GPCR G protein-coupled receptor

ICS Inhaled corticosteroid

LABA Long-acting (p,-adrenergic receptor agonist

LOBP Loss of bronchoprotection

SAA Salivary a-amylase

SPMCh Salmeterol-protected methacholine challenge
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Key messages

. In patients using concomitant moderate doses of ICSs, LOBP against
bronchoconstricting stimuli after LABA use is less common than previously
reported.

. Although p-receptor downregulation has been proposed as a mechanism for

LOBP caused by LABAs, B-receptor numbers and function in PBMCs are not
reduced in patients who experience salmeterol-induced LOBP while
concomitantly using ICS.

. Alendronate, which has been shown to reduce p-receptor downregulation in /in
vitroand ex vivo models, did not attenuate B-receptor downregulation.
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Visit 1 Visit 2 Visit 3
I 2 week run-in I 8 week treatment l
Spirometry SPM_Ch
I BDR or MCh I ex vivo B2AR assays SPMCh
ACT ACT, FeNO, sAA ex vivo B2AR assays
Genotyping ACT, FeNO, sAA
FIG 1.

ALTFA trial study schema: ex vivo B2AR assays were conducted on PBMCs. These included
radioligand binding assays to quantify B2AR cell-surface density and cAMP ELISAS to
measure B2AR intracellular signaling. MCh, Methacholine challenge; SPMCh, modified
methacholine challenge in which participants receive 2 puffs of open-label fluticasone/
salmeterol (115/21 ug) 1 hour before the start of the challenge.
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I
l , l

40 Randomized to receive Placebo | 38 Randomized to receive Alendronate |

Medication-related adverse event (n=1) Medication-related adverse event (n=1)
| Other adverse event (n=1)
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\/
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FIG 2.
Participant flow diagram.
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FIG 3.

Effect of alendronate and placebo on SPMCh PC5q values: change in SPMCh PCyq values
from visit 2 to visit 3 for placebo and alendronate groups. Geometric means, 95% Cls, and P
values from blocked ANOVAs are presented. MCh, Methacholine challenge.
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Effect of alendronate on change in PBMC B2AR cell-surface density. A, Change in PBMC
B2AR cell-surface density (determined by radioligand binding assay) from visit 2 to visit 3
for the placebo and alendronate groups. Geometric means, 95% Cls, and Pvalues from
blocked ANOVAs are presented. B, Correlation between change in PBMC B2AR cell-
surface density and SPMCh PC,q doubling dose dilutions from visit 2 to visit 3. Pearson
correlation coefficients and Pvalues are presented for the alendronate and placebo groups,

respectively.
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