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      A single-nucleotide polymorphism (SNP) causing 
amino acid substitution at position 16 of the 

 b  2 -adrenergic receptor gene ( ADRB2 ) is associated 
with asthma and COPD  1   and may affect response 
to  b  2 -agonists. Three possible genotypes result from 
sub stitution of arginine for glycine at this position. 
Studies in patients with persistent asthma reported 
a deleterious effect with regular use of short-acting 
 b  2 -adrenergic agonists (SABAs) in patients with the 
 ADRB2  Arg/Arg genotype.  2-4   A potential Arg/Arg 
interaction with long-acting  b  2 -adrenergic agonists 
(LABAs) was reported in an early asthma study.  5   
Larger studies with LABAs in asthma, including two 
genotype-stratifi ed clinical trials,  6,7   have failed to 

dem onstrate an Arg/Arg or Arg/Gly genotype effect,  6-8   
although there may be a loss of protection in meth-
acholine responsiveness in patients with Arg/Arg 
receiving LABA therapy.  8   

 In COPD, LABAs are used as monotherapy and in 
combination with inhaled corticosteroids (ICSs). Over-
lap between phenotypes in asthma and COPD exists  9   
related to  b  2 -smooth muscle responses.  10,11   The role 
of the ADBR2 polymorphisms in treatment response 
in COPD is unclear. Some studies suggest an interac-
tion of  ADRB2  with acute bronchodilator response in 
patients with COPD,  12-15   whereas others have found 
no effect of  ADRB2  polymorphism on acute bron-
chodilator response in some COPD populations.  15,16   

  Background:    Effects of  b  2 -adrenergic receptor gene ( ADRB2 ) polymorphism on therapeutic responses 
to long-acting  b  2 -adrenergic agonists have not been evaluated in long-term COPD trials. We 
aimed to investigate the effects of the  ADRB2  Gly16Arg polymorphism on response to formoterol 
alone or in combination with the inhaled corticosteroid budesonide in patients with COPD. 
  Methods:    Patients  �  40 years of age with moderate to very severe COPD from the 12-month 
trial I (NCT00206167) or the 6-month trial II (NCT00206154) were randomly assigned to bid 
budesonide/formoterol pressurized metered-dose inhaler (pMDI) 320/9  m g or 160/9  m g, budes-
onide pMDI 320  m g  1  formoterol dry powder inhaler 9  m g (trial II), budesonide pMDI 320  m g 
(trial II), formoterol dry powder inhaler 9  m g, or placebo. The effect of Gly16Arg on predose 
FEV 1  and 1-h postdose FEV 1 , exacerbations, diary variables, and adverse events were analyzed. 
  Results:    No signifi cant interaction between genotype and treatment response was observed 
for predose ( P   �  .197) or postdose FEV 1  ( P   �  .125) in either pharmacogenetic study (n  5  2,866). 
The number of COPD exacerbations per patient-treatment year was low and similar across genotypes 
for the active treatment groups (both studies). Percentages of patients with adverse events were 
similar across Gly16Arg genotype groups for each treatment. 
  Conclusion:    Therapeutic response and tolerability to long-term treatment with formoterol alone 
or in combination with budesonide was not modifi ed by  ADRB2  Gly16Arg genotype in two large 
independent pharmacogenetic studies in patients with moderate to very severe COPD. 
  Trial registry:    ClinicalTrials.gov; Nos.: NCT00206167, NCT00206154; URL: clinicaltrials.gov. 
  CHEST 2012; 142(2):320–328 

   Abbreviations:   ADRB2   5   b  2 -adrenergic receptor gene; AE  5  adverse event; ATS  5  American Thoracic Society; 
BCSS  5  Breathlessness Cough and Sputum Scale; BUD  5  budesonide; DPI  5  dry powder inhaler; FM  5  formot-
erol; ICS  5  inhaled corticosteroid; LABA  5  long-acting  b  2 -adrenergic agonist; LS  5  least squares; PBO  5  placebo; 
pMDI  5  pressurized metered-dose inhaler; SABA  5  short-acting  b  2 -adrenergic agonist; SGRQ  5  St. George Respiratory 
Questionnaire; SNP  5  single-nucleotide polymorphism 

  ADRB2  Polymorphisms and 
Budesonide/Formoterol Responses in COPD 
  Eugene R.   Bleecker ,  MD ,  FCCP ;  Deborah A.   Meyers ,  PhD ; 
 William C.   Bailey ,  MD ,  FCCP ;  Anne-Marie   Sims ,  PhD ;  Sarah R.   Bujac ,  MSc ; 
 Mitch   Goldman ,  MD ,  PhD ; and  Ubaldo J.   Martin ,  MD  



journal.publications.chestnet.org CHEST / 142 / 2 / AUGUST 2012   321 

 Genotyping and Haplotype Construction 

 Blood DNA extraction was done using standard methods 
by Tepnel Life Sciences PLC. Eleven SNPs from the coding and 
5 9 -fl anking regions of the  ADRB2  gene   (rs11958940, rs17778257, 
rs2895795, rs2053044, rs12654778, rs11959427, rs1042711, 
rs1042713, rs1042714, rs1800888, rs1042718) were successfully 
genotyped using TaqMan methodology (Applied Biosystems) 
(e-Appendix 1).  23   Quality control measures included a genotype 
call rate of 99% for all SNPs and no departure from Hardy-Weinberg 
Equilibrium for any SNP (exact  P  value  .  0.17 for rs1042713 
[Gly16Arg]). In addition, 100% concordance was shown in 
337 samples directly sequenced across Cys-19Arg (rs1042711), 
Gly16Arg, and Gln27Glu (rs1042714) SNPs (e-Tables 1, 2). Hap-
lotypes were imput from the SNP genotype data using SNPHAP   
freeware, version 1.3 (written by David Clayton, Cambridge Insti-
tute for Medical Research, and distributed under the terms of 
the GNU general public license) (e-Appendix 1). Due to the high 
linkage disequilibrium observed across  ADRB2  (D 9   .  0.99 for all 
SNP pairs), haplotype pair assignments were unambiguous. Hap-
lotypes were constructed for the white patient population only. 

 Statistical Analyses 

 The pharmacogenetic analyses included all patients who gave 
additional consent for pharmacogenetic testing, regardless of 
ethnic origin; analyses were repeated for each racial subgroup 
separately. Changes in FEV 1 , SGRQ, BCSS, and diary variables 
were compared from baseline (e-Appendix 1) to the average during 

The only COPD trial assessing response to ICS/LABA 
based on  ADRB2  was small (n  5  104) and only 12 weeks 
in duration  17  ; thus, larger and longer trials are required 
to determine whether there is an Arg/Arg effect 
in patients with COPD. The effi cacy and tolerabil-
ity of budesonide/formoterol pressurized metered-
dose inhaler (pMDI) (Symbicort Inhalation Aerosol; 
AstraZeneca LP) in two randomized, active- and 
placebo-controlled, double-blind trials (6- and 
12-month) of  .  3,500 patients with moderate to very 
severe COPD was previously reported.  18,19   The pre-
sent study assessed pharmacogenetic data from these 
two trials (n  5  2,866) to evaluate the effect of  ADRB2  
Gly16Arg polymorphism on the effi cacy and tolera-
bility of budesonide/formoterol combination treat-
ment and its monocomponents. 

 Materials and Methods 

 Study Design 

 Methodology for these trials in patients with moderate to very 
severe COPD has been reported previously.  18,19   A specifi c consent 
was used to obtain blood samples for pharmacogenetic analysis. 
Institutional review board or independent ethics committee eth-
ical approval for the pharmacogenetic component was obtained 
at each site. 

 Study I was 12 months (NCT00206167  18  ); genotype results from 
the 6-month study II (NCT00206154  19  ) served to replicate the 
genotype fi ndings from study I. Eligible patients were randomized to 
bid budesonide/formoterol pMDI 320/9  m g, budesonide/formoterol 
pMDI 160/9  m g, budesonide pMDI 320  m g  1  formoterol dry 
powder inhaler (DPI) 9  m g (trial II only), budesonide pMDI 320  m g 
(trial II only), formoterol DPI 9  m g, or placebo.  18,19   The coprimary 
clinical end points were predose   FEV 1  and 1-h postdose FEV 1  
(e-Appendix 1). Secondary efficacy variables included morning 
and evening peak expiratory flow, COPD exacerbations result-
ing in oral corticosteroid treatment or hospi talization, dyspnea, 
Breathlessness Cough and Sputum Scale (BCSS  20  ) score, health 
status assessed using the St. George Respiratory Questionnaire 
(SGRQ  21  ), and diary end points. The effect of baseline reversibility to 
albuterol (based on American Thoracic Society [ATS] criteria  22  ) on 
the relationship between Gly16Arg genotype and FEV 1  also was 
assessed. 
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  Figure  1. Patient disposition by  b  2 -adrenergic receptor gene 
( ADRB2 ) Gly16Arg genotype. A, Study I. B, Study II.  a Of the 
1,490 patients with DNA samples in study I, genotype data were 
missing for seven patients; n  5  1,483 for genotyped patients.  b Of 
the 1,393 patients in study II, genotype data were missing for 
10 patients; n  5  1,383 for genotyped patients.   
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with the patients with Gly/Gly, Gly/Arg, and Arg/Arg 
being divided into three, two, and one haplotype-pair 
subgroups, respectively. Analyses in the white sub-
population were similar to the results found in the 
entire population, and, therefore, are not reported 
separately. Results in the nonwhite racial categories 
were uninformative because of small sample sizes. 

 Effi cacy 

 There was no indication that the effect of treat-
ment on pulmonary function is infl uenced by  ADRB2  
Gly16Arg genotype. For predose FEV 1  ( Fig 2  ) and 
postdose FEV 1  ( Fig 3  ), respectively, no signifi cant 
interaction between treatment and genotype was 
observed in study I ( P   5  .674 and  P   5  .414) or study 
II ( P   5  .197 and  P    5    0.125). There was no suggestion 
in either study of Gly16Arg genotype modifying the 
effect of treatment as evidenced by the number of 
exacerbations per patient-treatment year ( Fig 4  ). The 
number of exacerbations per patient-treatment year 
resulting in hospitalization was low across all geno-
type groups in both studies (I: 0.08-0.20; II: 0-0.31) 
(e-Fig 1). 

 Diary data analysis showed no clinical or statistical 
evidence of an effect of Gly16Arg genotype on treat-
ment response. Treatment responses for diary variables 
of dyspnea, morning and evening peak expiratory 

the treatment period. Analysis of covariance models (with no 
imputation for missing data) were used to assess the effect of 
Gly16Arg (rs1042713) genotype on treatment response. Each 
model included the following factors: country, treatment, geno-
type, and genotype-by-treatment interaction, plus the corre-
sponding baseline value as a continuous covariate. The interaction 
between the 3-SNP haplotype (Cys-19Arg_Gly16Arg_Gln27Glu) 
pairs and treatment response was assessed similarly. Formal 
statistical analyses were supplemented with a thorough visual 
inspection of data trends, thus ensuring that more moderate but 
consistent genetic effects across studies, treatments, and time 
points were not overlooked (e-Appendix 1). 

 Results 

 Patients 

 DNA samples were obtained from 1,490 of 1,964 
ran domized patients (75.9%) in trial I and 1,393 of 
1,704 randomized patients (81.7%) in trial II ( Fig 1  ). 
Demographic and baseline clinical characteristics are   
presented in  Table 1  . Patients had moderate to very 
severe COPD, with a mean FEV 1  of 1.05 L. The per-
centages of patients who met ATS criteria for bron-
chodilator reversibility were similar across Gly16Arg 
genotype groups (29%-39%) in both studies. There 
were no differences in baseline characteristics by 
Gly16Arg genotype. The genetic diversity within white 
patients resulted in six haplotype-pair assignments, 

 Table 1— Demographic and Baseline Clinical Characteristics by ADRB2 Gly16Arg Genotype  

Characteristic

Study I Study II

Gly/Gly 
(n  5  575)

Arg/Gly 
(n  5  685)

Arg/Arg 
(n  5  223)

Gly/Gly 
(n  5  533)

Arg/Gly 
(n  5  635)

Arg/Arg 
(n  5  215)

Sex
 Male 370 (64) 433 (63) 139 (62) 373 (70) 451 (71) 133 (62)
 Female 205 (36) 252 (37) 84 (38) 160 (30) 184 (29) 82 (38)
Race
 White 541 (94) 643 (94) 206 (92) 508 (95) 609 (96) 195 (91)
 Black 7 (1) 9 (1) 6 (3) 8 (2) 12 (2) 6 (3)
 Other 27 (5) 33 (5) 11 (5) 17 (3) 14 (2) 14 (7)
Mean age (SD), y 63 (9) 63 (9) 63 (10) 64 (9) 63 (9) 63 (9)
Smoking status
 Ex-smoker 319 (56) 396 (58) 130 (58) 309 (58) 373 (59) 117 (54)
 Habitual smoker  a  235 (41) 263 (38) 79 (35) 204 (38) 241 (38) 88 (41)
 Occasional smoker  b  21 (4) 26 (4) 14 (6) 20 (4) 21 (3) 10 (5)
Received ipratropium at 

 randomization
235 (41) 308 (45) 107 (48) 351 (66) 404 (64) 128 (60)

% Reversibility  c   at screening 
   �  12%  1   �  200 mL FEV 1  

improvement

169 (29) 231 (34) 70 (31) 160 (30) 220 (35) 83 (39)

Predose FEV 1 
 Mean (SD), L 1.05 (0.35) 1.05 (0.36) 1.04 (0.35) 1.05 (0.35) 1.07 (0.36) 1.03 (0.36)
 Mean (SD), % predicted 34.5 (9.4) 34.4 (9.2) 34.4 (9.3) 33.9 (9.1) 34.6 (9.7) 34.1 (9.6)

Data are given as No (%) unless otherwise indicated. Percentages were rounded and may not add up to 100%.
 a Smokes  �  1 cigarette daily and for  �  1 year prescreening.
 b Smokes  ,  1 cigarette daily, has been smoking for  ,  1 year prescreening, or stopped smoking  �  6 month prescreening.
 c Reversibility was assessed based on improvements in FEV 1  from the prebronchodilator value to the postbronchodilator value 15-30 min after 
administration of two inhalations of albuterol pressurized metered-dose inhaler (total dose: 180-200  m g).
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points in study I ( P   �  .212) or study II ( P   �  .170) or 
for secondary outcomes in study I ( P   �  .379) or study II 
( P   �  .072) (e-Table 4). 

 Safety 

 The mean duration of exposure to trial med ications 
was similar across genotype groups in both pharma-
cogenetic studies. The percentages of patients with 
adverse events (AEs), treatment-related AEs, and 
serious AEs generally were similar across Gly16Arg 
genotype groups for each treatment in study I ( Table 2  ) 
and study II ( Table 3  ). As previously reported, 15 patients 
died during the randomized treatment period in trial I, 
and 11 patients died during randomized treatment in 
trial II. Of these patients, 14 and 10 patients in trials I 
and II, respectively, were genotyped and included in 
the pharmacogenetic studies ( Tables 2, 3 ). The inci-
dence of death was similar across genotype groups. 

fl ow, rescue medication use, and BCSS score also 
were similar across genotype groups, with no signifi -
cant interaction between treatment and genotype in 
study I ( P   �  .378) or study II ( P   �  .133) (e-Table 3). 
Assessments of the patterns of clinical response 
showed no suggestion of any consistent trends. No 
evidence was found to suggest that the effect of treat-
ment on SGRQ was modifi ed by Gly16Arg genotype 
in study I ( P   5  .909) or study II ( P  5   0.648) (e-Fig 2). 
Despite small numbers of patients in each subgroup, 
there was no evidence to suggest the presence of any 
interaction between genotype, treatment, and base-
line FEV 1  reversibility status (e-Figs 3, 4). 

 Analysis of haplotype data provided no evidence to 
suggest an effect of Cys-19Arg_Gly16Arg_Gln27Glu 
haplotype on treatment response in either study. No 
signifi cant interaction between treatment and hap-
lotype was observed for either the coprimary end 

  Figure  3. Adjusted mean change from baseline (95% CI) in 
postdose FEV 1  by treatment and  ADRB2  Gly16Arg genotype. 
A, Study I. B, Study II. See Figure 1 and 2 legends for expansion 
of abbreviations.   

  Figure  2. Adjusted mean change from baseline (95% CI) in 
predose FEV 1  by treatment and  ADRB2  Gly16Arg genotype. 
A, Study I. B, Study II. BUD  5  budesonide; DPI  5  dry powder 
inhaler; FM  5  formoterol; LS  5  least squares; PBO  5  placebo; 
pMDI  5  pressurized metered-dose inhaler. See Figure 1 legend 
for expansion of other abbreviation.   
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 This article presents a thorough and detailed inves-
tigation of the effects of  ADRB2  Gly16Arg poly-
morphism in COPD from two large clinical trials. 
Patients included in the pharmacogenetic research 
were representative of the entire clinical trial pop-
ulations in terms of baseline characteristics and clinical 
trial effi cacy and safety results. The Gly16Arg geno-
type frequencies in these patients are similar to those 
reported in previous studies in asthma patients  6,24,25   
and normal control populations.  25   Because sample 
sizes in the nonwhite racial categories were small, the 
present fi ndings should not be generalized to non-
white COPD populations. 

 Few studies have explored the effect of Gly16Arg 
genotype on treatment response in COPD. A study 
of 104 Korean patients with COPD reported no 
effect of Gly16Arg genotype on FEV 1  after 12 weeks 
of treatment with fl uticasone/salmeterol and no 
lessening of treatment response in Arg/Arg homozy-
gotes.  17   Additionally, that study suggested that there 
was no effect of Gly16Arg_Gln27Glu haplotype on 
treatment response.  17   However, their study was 
limited by a relatively small population sample and 
short duration of treatment. The data reported here 
comprised two large independent patient sample 
sets from long-term trials (6 and 12 months) with no 
evidence of an effect of  ADRB2  genotype or haplo-
type on therapeutic responses (e-Appendix 1). 

 This is the only large study to examine response to 
ICS/LABA treatment by  ADRB2  genotype in patients 
with COPD. Early observations of an association 
between Arg16Gly and adverse effects from regular 
use of SABAs were in asthma patients.  2-4   However, 
results of larger, more recent asthma studies have 
demonstrated a lack of effect of  ADRB2  genotype on 
ICS/LABA treatment response. A large prospective 
clinical trial in asthma demonstrated no effect of 
Gly16Arg genotype on the effectiveness or tolera-
bility of formoterol or salmeterol used in combina-
tion with an ICS.  6   More recently, two prospective 
genotype trials have not shown an effect of  ADRB2  
genotype for the LABA salmeterol alone or in com-
bination with an ICS.  7,8   In the Long-Acting Beta 
Agonist Response by Genotype (LARGE)   trial, a 
genotype-stratifi ed, placebo-controlled, crossover trial, 
there were similar improvements in lung function 
and asthma symptoms in patients with the Gly/Gly 
and Arg/Arg genotypes.  8   In this trial, methacholine 
responsiveness was at baseline levels 24 h after the 
last administration of the ICS/LABA (a drug combi-
nation with a 12-h duration of activity) in the Arg/Arg 
homozygotes compared with the patients with Gly/Gly 
who still showed a small improvement in methacho-
line responsiveness at this 24-h time point. 

 Bronchial hyperresponsiveness and infl ammation 
are common features of asthma and COPD, although 

 Discussion 

 Results from this pharmacogenetic research showed 
no effect of Gly16Arg genotype on the effi cacy or 
tolerability of LABA therapy with formoterol, either 
alone or in combination with budesonide, in COPD. 
Improvements from baseline to the treatment average 
in pulmonary function, exacerbation frequency, 
dyspnea score, SGRQ total score (in study II), and 
diary variables were similar across genotype groups. 
Clinical trial I was designed with suffi cient power 
to detect a treatment effect on exacerbations over 
12 months; there is no pharmacogenetic evidence 
from study I that suggests that the Gly16Arg gen-
otype modifi ed the effectiveness of formoterol in 
reducing COPD exacerbations. These fi ndings were 
confi rmed in the 6-month pharmacogenetic study II. 
Overall, similar results from two large independent 
data sets representing patients with up to 12 months 
of treatment support the consistency of the fi ndings. 

  Figure  4. Number of exacerbations per patient-treatment year by 
treatment and  ADRB2  Gly16Arg genotype. A, Study I. B, Study II. 
See Figure 1 and 2 legends for expansion of abbreviations.   
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responsiveness and allergic infl ammation rather than 
agonist-induced receptor downregulation. The fi nd-
ings of the present study showing a lack of genetic 
effects of Arg16Gly on the treatment responses to 
LABA in COPD support this hypothesis. 

there may be subtle differences in their pathobiology. 
Hizawa  26   has suggested that the potential mecha-
nism leading to an increased risk of death and serious 
exacerbations observed with LABA therapy in some 
asthma trials  27-30   may relate to effects on airway hyper-

 Table 2— Percentage of Patients With AEs, Treatment-Related AEs, Discontinuations Due to AEs, and Serious AEs by 
Treatment Group and ADRB2 Gly16Arg Genotype in Study I  

Treatment/Genotype

No. (%) of Patients Experiencing AEs

Any AE Treatment-Related AE
Discontinuations 

Due to AE Nonfatal Serious AE Fatal Serious AE

BUD/FM 320/9  m g
 Gly/Gly (n  5  144) 97 (67) 20 (14) 17 (12) 23 (16) 1 (1)
 Arg/Gly (n  5  175) 117 (67) 24 (14) 17 (10) 27 (15) 2 (1)
 Arg/Arg (n  5  65) 39 (60) 7(11) 8 (12) 7 (11) 0 (0)
BUD/FM 160/9  m g
 Gly/Gly (n  5  157) 96 (61) 18 (12) 10 (6) 18 (12) 0 (0)
 Arg/Gly (n  5  182) 120 (66) 15 (8) 28 (15) 25 (14) 6 (3)
 Arg/Arg (n  5  46) 30 (65) 3 (7) 5 (11) 7 (15) 0 (0)
FM 9  m g
 Gly/Gly (n  5  130) 80 (62) 11 (9) 21 (16) 32 (25) 1 (1)
 Arg/Gly (n  5  175) 114 (65) 13 (7) 21 (12) 31 (18) 1 (1)
 Arg/Arg (n  5  55) 32 (58) 6 (11) 9 (16) 9 (16) 0 (0)
PBO
 Gly/Gly (n  5  144) 85 (59) 9 (6) 19 (13) 19 (13) 1 (1)
 Arg/Gly (n  5  153) 81 (53) 9 (6) 12 (8) 15 (10) 0 (0)
 Arg/Arg (n  5  57) 33 (58) 4 (7) 10 (18) 5 (9) 2 (4)

AE  5  adverse event; BUD  5  budesonide; FM  5  formoterol; PBO  5  placebo.

 Table 3— Percentage of Patients With AEs, Treatment-Related AEs, Discontinuations Due to AEs, and Serious AEs by 
Treatment Group and ADRB2 Gly16Arg Genotype in Study II  

Treatment/Genotype

No. (%) of Patients Experiencing AEs

Any AE Treatment-Related AE
Discontinuations 

Due to AE Nonfatal Serious AE Fatal Serious AE

BUD/FM 320/9  m g
 Gly/Gly (n  5  84) 38 (45) 8 (10) 6 (7) 7 (8) 1 (1)
 Arg/Gly (n  5  105) 71 (68) 8 (8) 10 (10) 16 (15) 2 (2)
 Arg/Arg (n  5  39) 23 (59) 3 (8) 2 (5) 2 (5) 0
BUD/FM 160/9  m g
 Gly/Gly (n  5  96) 47 (49) 11 (12) 5 (5) 13 (14) 2 (2)
 Arg/Gly (n  5  99) 52 (53) 5 (5) 6 (6) 10 (10) 1 (1)
 Arg/Arg (n  5  32) 15 (47) 2 (6) 0 1 (3) 0
BUD 320  m g  1  FM 9  m g
 Gly/Gly (n  5  86) 51 (59) 6 (7) 4 (5) 9 (11) 0
 Arg/Gly (n  5  112) 43 (38) 8 (7) 5 (5) 8 (7) 0
 Arg/Arg (n  5  37) 19 (51) 0 1 (3) 5 (14) 0
BUD 320  m g
 Gly/Gly (n  5  88) 50 (57) 6 (7) 12 (14) 12 (14) 2 (2)
 Arg/Gly (n  5  100) 56 (56) 8 (8) 6 (6) 9 (9) 0
 Arg/Arg (n  5  32) 22 (69) 4 (13) 1 (3) 1 (3) 0
FM 9  m g
 Gly/Gly (n  5  84) 53 (63) 6 (7) 7 (8) 6 (7) 0
 Arg/Gly (n  5  105) 53 (51) 5 (5) 9 (9) 10 (10) 1 (1)
 Arg/Arg (n  5  43) 19 (44) 6 (14) 6 (14) 3 (7) 0
PBO
 Gly/Gly (n  5  95) 50 (53) 4 (4) 9 (10) 14 (15) 1 (1)
 Arg/Gly (n  5  114) 58 (51) 7 (6) 8 (7) 7 (6) 0
 Arg/Arg (n  5  32) 13 (41) 0 0 2 (6) 0

See Table 2 for expansion of abbreviations.
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a primarily white patient population with stable 
COPD. Results of the 12-month study, replicated in 
the 6-month study, showed no evidence of an effect 
of Gly16Arg genotype or  ADRB2  haplotype on treat-
ment responses to formoterol, with or without budes-
onide, based on pulmonary function, exacerbations, 
symptom control, and quality of life. Tolerance also 
was independent of  ADRB2  variability. These fi nd-
ings support current COPD guidelines recommend-
ing the use of LABAs either as monotherapy for 
milder disease or in combination with ICS in more 
severe COPD when there is a higher likelihood of 
exacerbations.  31   This research shows that LABAs can 
effectively treat patients with COPD regardless of 
 ADRB2  genotype. 
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 The effects of  ADRB2  gene polymorphism on 
bron chodilator responsiveness to SABA treatment 
in COPD vary. Results from a study of 246 Japanese 
patients with COPD showed an interaction between 
Gly16Arg genotype and bronchodilator response 
to salbutamol, with patients with Arg/Arg exhibiting 
the smallest response, patients with Gly/Arg an inter-
mediate response, and patients with Gly/Gly the largest 
response.  14   These authors also showed a signifi cant 
association of haplotype with bronchodilator response. 
In contrast, Mokry et al  16   reported that  ADRB2  hap-
lotypes may affect ventilatory impairment during 
acute exacerbations of COPD but not the imme-
diate response to SABA. 

 Since acute bronchodilator responses are deter-
mined partly by baseline lung function, this param-
eter must be evaluated in these pharmacogenetic 
studies. SABA response based on ATS reversibility 
status at baseline was similar across genotype groups 
in both studies. Regardless of baseline SABA revers-
ibility (ATS criteria), no consistent pattern of response 
for predose or postdose FEV 1  was observed across 
Gly16Arg genotype groups, treatments, or studies. 

 Due to the spectrum of phenotypes investigated, 
there was a strong likelihood of generating false-
positive results based on multiple testing and chance 
alone. This issue was addressed by having replication 
populations (through comparison of multiple treat-
ment arms and the use of two studies of similar 
design). For example, improvements in FEV 1  among 
patients with the Arg/Arg genotype who received 
placebo in study I were better than expected for 
this population of patients with moderate to severe 
COPD, but this fi nding was not replicated in study II. 
Findings from study I suggesting greater improve-
ments in SGRQ total scores in patients with Arg/Arg 
across all treatments were not replicated in study II. 
Few differences in baseline and clinical character-
istics (eg, ipratropium use) were observed between 
treatment and genotype groups and could not explain 
these observations. 

 Tolerability, assessed by AEs and serious AEs across 
Gly16Arg genotype groups, was similar. Deaths during 
randomized treatment were similar across genotype 
groups in both studies and were low considering the 
degree of severity of COPD in these large popula-
tions. In study I, two patients with the Arg/Arg geno-
type died of a serious AE while receiving placebo 
treatment. In neither case was the serious AE related 
to the patient’s  ADRB2  genotype; one patient expe-
rienced central circulatory failure and one patient 
was diagnosed with non-small cell lung cancer. 

 In conclusion, this study represents the only large 
pharmacogenetic study to assess the effect of  ADRB2  
polymorphism on treatment response to long-term 
LABA treatment, with or without ICS therapy, in 
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