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Background: Acute exacerbations represent a significant burden for patients with moderate-to-
severe chronic obstructive pulmonary disease. Each exacerbation episode is frequently associated
with a lengthy recovery and impaired quality of life. Prognostic factors for outpatients that may
predict poor outcome after treatment with antibiotics recommended in the guidelines, are not
fully understood. We aimed to identify pretherapy factors predictive of clinical failure in elderly
(=60 years old) outpatients with acute Anthonisen type 1 exacerbations.

Trial registration: NCT00656747.

Methods: Based on the moxifloxacin in AECOPDs (acute exacerbations of chronic obstructive
pulmonary disease) rial (MAESTRAL) database, this study evaluated pretherapy demographic,
clinical, sputum bacteriological factors using multivariate logistic regression analysis, with
internal validation by bootstrap replicates, to investigate their possible association with clinical
failure at end of therapy (EOT) and 8 weeks posttherapy.

Results: The analyses found that the independent factors predicting clinical failure at EOT
were more frequent exacerbations, increased respiratory rate and lower body temperature at
exacerbation, treatment with long-acting anticholinergic drugs, and in vitro bacterial resis-
tance to study drug. The independent factors predicting poor outcome at 8 weeks posttherapy
included wheezing at preexacerbation, mild or moderate (vs extreme) sleep disturbances, lower
body temperature at exacerbation, forced expiratory volume in 1 second <30%, lower body
mass index, concomitant systemic corticosteroids for the current exacerbation, maintenance
long-acting [3,-agonist and long-acting anticholinergic treatments, and positive sputum culture
at EOT.

Conclusion: Several bacteriological, historical, treatment-related factors were identified as
predictors of early (EOT) and later (8 weeks posttherapy) clinical failure in this older outpatient
population with moderate-to-severe chronic obstructive pulmonary disease. These patients should
be closely monitored and sputum cultures considered before and after treatment.
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Introduction

Acute exacerbations of chronic obstructive pulmonary disease (AECOPD) are the most
common causes of hospitalization and death among severe COPD (chronic obstruc-
tive pulmonary disease) patients, with frequent exacerbations leading to a more rapid
decline in lung function and prolonged time to recovery to previous health status as
well as reducing 5-year survival.'* To improve survival and reduce costs, clinicians
must be able to identify individuals at the highest risk for poor outcomes so that effec-
tive interventions can be implemented.
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Exacerbations become more frequent and increas-
ingly severe as COPD progresses, with past history of
frequent exacerbations increasing the likelihood of subse-
quent exacerbations.®’” However, some patients are more
susceptible to exacerbations than others and show worse
health status and faster disease progression than those with
infrequent exacerbations.®® The latest Global Initiative for
Chronic Obstructive Lung Disease document recommends
antibiotics and systemic corticosteroids for the management
of AECOPD.* Inadequate or insufficient antimicrobial therapy
may be responsible for exacerbation recurrence; however,
historical patient characteristics and disease severity may
be equally as important as exacerbation severity regarding
its symptoms. In particular, older age (>65 years), presence
of severe COPD (forced expiratory volume in 1 second
[FEV ] <50%), frequent exacerbations (=3 in the previous
12 months), and comorbid cardiac disease have previously
been identified as predictors of a higher risk of poor outcomes
and also identify patients as having complicated COPD. !¢
Stratifying patients according to these host factors can help the
management of patients at high risk for unfavorable outcomes,
with guidelines recommending adequate, appropriate antibi-
otic treatment for these individuals, amoxicillin/clavulanic
acid (AMC) being most often listed and a respiratory fluo-
roquinolone is also commonly included.!'>!¢ Nevertheless,
although these factors may help guide management, more
information is needed on the mechanisms of failure and rapid
relapse, particularly in high risk individuals.

The MAESTRAL (Moxifloxacin in AECOPDs trial)
study enrolled 1,352 elderly outpatients with Anthonisen type
1 exacerbations and moderate-to-severe COPD (FEV | <60%
predicted) and compared the clinical efficacy of moxifloxa-
cin (MXF) and AMC with regards to clinical failure rate at
8 weeks posttherapy.'” The study showed that MXF was
noninferior to AMC, with MXF also significantly reducing
the clinical failure rate vs AMC, in patients with microbio-
logically confirmed bacterial exacerbations."”

The current post hoc analyses of the MAESTRAL cohort
sought to determine whether new factors indicative of poor
outcome of AECOPD could be identified in this population
when AECOPD is treated with antibiotics £ systemic corti-
costeroids consistent with current guidelines.'®

Materials and methods

Study design

MAESTRAL was a Phase III, prospective, multinational,
randomized, double-blind, double-dummy, noninferiority,
controlled study, comparing the efficacy and safety of

5-day oral MXF 400 mg, once daily with 7-day oral AMC
875/125 mg, twice daily in elderly (=60 years old) outpa-
tients with a history of AECOPD with an Anthonisen type 1
exacerbation (NCT00656747)."”! Randomization was
stratified based on concomitant administration of a 5-day
course of systemic steroids (30—40 mg/d prednisolone or
equivalent, according to physician preference) for the current
exacerbation at the treating physician’s discretion to ensure
equal numbers of steroid treated patients per arm. The study
protocol was approved by the ethics committees, and patients
provided their written informed consent.

Spontaneous sputum samples were obtained from all
patients and assessed in a local laboratory by Gram stain,
culture, and susceptibility testing at enrollment, during
therapy, at end of therapy (EOT), and at 4 and 8 weeks post-
therapy. Sputum samples were sent to a central laboratory
where reidentification of organisms and culture positivity
was confirmed. Further details of the study design and the
primary results have been reported previously.!”

The primary efficacy endpoint was a clinical failure at
8 weeks posttherapy in the per-protocol population, and the
study was powered to show noninferiority between treatments.!”
Clinical failure was defined as the requirement for additional or
alternate treatment for an exacerbation of respiratory symptoms,
with systemic antibiotics and/or systemic corticosteroids
(including increased dose or duration of treatment) and/or
hospitalization with systemic antibiotic and/or systemic corti-
costeroid administration within 8 weeks posttherapy.

Post hoc analyses presented in this paper were conducted
in the intent-to-treat (ITT) population. Clinical factors ana-
lyzed were various demographic parameters (including geo-
graphical location), age, employment status, medical history,
Acute Exacerbation of Chronic Bronchitis Symptom Scale
factors,?! and aspects of exacerbation history. The influence
of medications was also investigated, including coadministra-
tion of systemic corticosteroids for the current exacerbation
or maintenance therapy with inhaled corticosteroids, bron-
chodilators (eg, xanthine derivatives, short- and long-acting
B,-agonists [SABA and LABA], and short- and long-acting
anticholinergics [SAMA and LAMAY]). Microbiological fac-
tors investigated included presence and number of species in
the sputum samples collected during the study (ie, pretherapy,
during therapy, EOT, 4 and 8 weeks posttherapy) and in vitro
resistance of isolated organisms to study drugs.

Statistical analyses
The association with clinical failure at EOT and at 8 weeks
posttherapy of 59 variables described briefly earlier was
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evaluated by univariate and multivariate stepwise logistic
regression analyses. The threshold for significance was set at
P<0.1 for variables in the univariate model (data not shown).
The independent prognostic contributions of these variables
were then entered into the multivariate logistic regression
model to determine which factors remained significantly
predictive in the presence of the others, using a threshold for
significance of P<<0.05. In the first step, a stepwise (backward
eliminating) logistic regression analysis was performed to
identify the independent predictors. Second, the identified
parameters were included in a one-step logistic regression
model to calculate odds ratios and 95% confidence intervals
presented in this manuscript. Treatment (MXF vs AMC) was
included in the logistic regression model regardless of its
significance level.?? The goodness-of-fit of the model (¥?)
was evaluated by Hosmer and Lemeshow test with P>0.05
as threshold, with higher P-value indicating better fit.
To estimate the performance and efficiency of the logistic
regression model (or to check overfitting), bootstrap approach
was implemented with 500 and 1,000 randomly selected
replicates from the entire dataset. Discrimination of the
model was determined by receiver operating characteristics
curve analysis, and the area under the curve was determined.
Variables were considered as either continuous or categori-
cal. Parameters of individual patients were not analyzed if
values were missing.

Results

The ITT population consisted of 1,352 randomized patients
with the majority being =65 years (72%), being male (80%),
having at least one coexisting illness (80%), 35% had sys-
temic corticosteroid treatment for the current exacerbation,
and on average patients had (mean * standard deviation)
2.5%1.1 exacerbations in the past 12 months (Table 1). Clini-
cal failure rate in the total ITT population was 7.6% at the
EOT and 21.0% at 8 weeks posttherapy.

Univariate analyses identified several variables that were
related to clinical outcome at both EOT and 8 weeks post-
therapy (data not shown). The multivariate analysis revealed
a number of predictive factors significantly associated with
clinical failure either at EOT (Figure 1) and/or 8 weeks post-
therapy (Figure 2).

End of therapy

Prognostic factors associated with a higher risk of clinical
failure at EOT included increased frequency of exacerbations
in the previous 12 months, clinical assessments of lower
body temperature (BT) and increased respiratory rate at the

current exacerbation, maintenance treatment with LAMA,
and in vitro bacterial resistance to study drug pretherapy
(Figure 1).

8 weeks posttherapy

Clinical failures at EOT were carried forward to 8 weeks
posttherapy; this includes all true failures and relapses. At
8 weeks posttherapy, lower BT continued to be highly predic-
tive for clinical failure in the multivariate analysis. Wheezing
at preexacerbation was associated with increased risk of clini-
cal failure, whereas patients with severe sleep disturbances
had less failures. Additional significant predictors included
markers of disease severity such as lower body mass index
(BMI) and lower FEV (<30% predicted) (Figure 2).

Patients’ treatments were associated with their risk of
failure. Patients receiving systemic corticosteroids (but not
those receiving inhaled medication) for the current exacer-
bation, maintenance LABA and LAMA treatments were at
higher risk of clinical failure. We looked at whether patients
on systemic corticosteroids, LABA, or LAMA therapy had
additional characteristics for being at higher risk of poor
outcome.

Patients who received systemic corticosteroids for their
exacerbation (vs those who did not) had a history of respi-
ratory disorders, FEV, <30% (predicted), greatly increased
dyspnea, increased heart rate (=90 beats/min) and respiratory
rate (>20/min) more frequently, and reported cough very
frequently/all the time."”

Patients with maintenance LABA therapy (vs those with-
out) had more comorbidities (eg, diabetes [14.6% vs 9.4%
of patients, P<<0.01], history of cardiac disorders [26.9% vs
16.6% of patients, P<<0.01], cardiopulmonary disease [21.1%
vs 8.6% of patients, P<<0.01], history of respiratory failure
[19.5% vs 8.0% of patients, P<<0.01]), more exacerbations in
the previous 3 months (52.9% vs 46.6% of patients, P<<0.05),
and raised BT (34.8% vs 21.4% of patients, P<<0.01), reflect-
ing more severe disease status, respectively.

Patients who received LAMA therapy were more fre-
quently treated with systemic corticosteroids for the current
exacerbation (40.4% vs 32.8%, P<<0.01) and short-acting
bronchodilators (29.8% vs 23.2%, P<<0.01), had greater
history of respiratory failure (16.6% vs 8.1%, P<<0.01) and
lower BT (eg, =36°C; 13.6% vs 8.0%, P<<0.01) compared
with those without LAMA treatment, respectively. LAMA-
treated patients were mainly enrolled in Europe/Canada/
South Africa.

Of the microbiological results investigated, only bacte-
riologically positive sputum culture at EOT was found to be

International Journal of COPD 2015:10

submit your manuscript

987

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Wilson et al

Dove

Table | Baseline demographic and disease characteristics of randomized patients in the ITT (N=1,352) population

Characteristic Moxifloxacin Amoxicillin/clavulanic Total
(N=677) acid (N=675) (N=1,352)
Geographic region, n (%)
Asia Pacific 205 (30) 212 (31) 417 (31)
Europe 249 (37) 257 (38) 506 (37)
South Africa 27 (4) 15(2) 42 (3)
Latin America 181 (27) 181 (27) 362 (27)
Canada 15(2) 10 (1) 25 (2)
Male sex, n (%) 534 (79) 545 (81) 1,079 (80)
Race, n (%)
Caucasian 413 (61) 403 (60) 816 (60)
Asian 209 (31) 213 (32) 422 (31)
Other 55 (8) 59 (9) 114 (8)
Age (years), mean = SD 69.616.8 69.616.6 69.616.7
Range 59-93 60-91 59-93
=65 years, n (%) 486 (72) 492 (73) 978 (72)
BMI (kg/m?), mean £ SD 25.0+5.4 247452 24.8+5.3
Current smokers, n (%) 149 (22) 144 (21) 293 (22)
Coexisting illnesses, n (%) 533 (79) 545 (81) 1,078 (80)
Coronary artery disease 38 (6) 27 (4) 65 (5)
Congestive heart failure 34 (5) 42 (6) 76 (6)
Peripheral artery disease 15 (2) 5(1) 20 (1)
Renal dysfunction 26 (4) 21 (3) 47 (3)
Liver dysfunction 13 (2) 14 (2) 27 (2)
Diabetes mellitus 67 (10) 77 (11) 144 (11)
Any respiratory comedication, n (%) 628 (93) 621 (92) 1,249 (92)
Short or long-acting [3,-agonists 368 (54) 364 (54) 732 (54)
Inhaled steroids® 389 (57) 371 (55) 760 (56)
Ipratropium or tiotropium 305 (45) 310 (46) 615 (45)
Xanthine derivatives 222 (33) 219 (32) 441 (33)
Previous antimicrobial use, n (%) 235 (35) 227 (34) 462 (34)
Systemic steroid use, n (%) 236 (35) 239 (35) 475 (35)
Lung function at enrollment
FEV % predicted, mean + SD 38.4£11.6 38.7%11.7 38.6x11.7
FEV, (L), mean + SD 0.982+0.370 0.978+0.360 0.980+0.365
FEV, <30%, n (%) 174 (26) 165 (24) 339 (25)
Exacerbations in previous year
Mean + SD 2.5%1.1 2.5%1.1 2.5%1.1
Range I-I5 1-10 =15
Time since last exacerbation
(days)
Mean + SD 109.6+65.2 103.6161.1 106.6+63.2

Notes: *Includes combination therapy (steroid plus bronchodilators). "Any antimicrobial given for any indication between 30 and 90 days prior to enroliment.
Abbreviations: BMI, body mass index; FEV , forced expiratory volume in | second; ITT, intent-to-treat; SD, standard deviation.

predictive of clinical failure at 8 weeks posttherapy; other
bacteriological factors such as resistance to study drugs was
not associated with risk of failure at this time point.
Geographic region also showed statistical significance
with patients in Asia Pacific (AP), demonstrating increased
risk of clinical failure compared with Latin America (LA) as
reference category (with lowest rate of clinical failure). This
observation may be driven by the higher proportion of patients
with FEV| <30% (predicted) (AP: 34% vs LA: 26%, respec-
tively) and higher mean number of exacerbations in the previ-
ous 12 months (AP: 3.0£1.5 vs LA: 2.240.5, respectively). It

is also notable that in AP, fewer patients received systemic
corticosteroids (AP: 27.8% vs LA: 40.9%, respectively) and
had comorbidities (AP: 62.8% vs LA: 87.3%, respectively).
Patients in AP had lower BMI than those in LA (AP: 21.5%
3.7 kg/m? vs LA: 25.6+4.9 kg/m?, respectively).

Discrimination and goodness-of-fit
analyses

Discrimination of the models at EOT and 8 weeks post-
therapy was tested by receiver operating characteristics
analysis to estimate the probability of true positive failures.
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Parameter P-value 95% Cl | Category Clinical failure/
total n/N (%)
1 0/4 (0)
1.48 2 57/910 (6.3)
Increasing number of <0.01 —— 1.20-1.81 | 3 24/297 (8.1)
exacerbations in the last year® 4 8/70 (11.4)
5 14/71 (19.7)
1.77 <36°C 17/131 (13.0)
Lower BT(°C)® <001 | —e—— 1.20-2.60 | _350c <37°C  67/882 (7.6)
>37°C 18/330 (5.5)
1.63
Treatment with LAMA 002 | o 1.07-2.48 | YeS 42/416 (10.1)
No 61/936 (6.5)
(Yes vs No)
2.02 Yes 18/139 (12.9)
Presence of any organism 0.01 —e——1.16-3.52 | No 85/1,213 (7.0)
resistant to study drug (Yes vs No)
1104 >20 52/505 (10.3
Increasing respiratory rate? 0.03 'Je 1.00-1.08 | _5q 51/841 26.1))
I T T T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Decreasing risk Increasing risk

Figure | Prognostic factors associated with increased risk of clinical failure at EOT based on multivariate analysis.
Notes: Odds ratio is shown with horizontal line presentation of 95% CI. *Continuous variable.
Abbreviations: BT, body temperature; Cl, confidence interval; EOT, end of therapy; LAMA, long-acting anticholinergic; N, number of patients in category; n, number of

patients with clinical failures.

The analyses provided an area under the curve of 0.6639 for
the EOT logistic regression model (weaker) and of 0.7274
(relatively strong) for the 8 weeks posttherapy model.

To test the predictive strength of the logistic regression
models, Hosmer and Lemeshow test was performed. The pre-
dictive strength of the EOT and 8 weeks posttherapy logistic
regression models is demonstrated by the goodness-of-fit
P-values of 0.53 and 0.98, respectively (ie, P>0.05). Inter-
nal validation of the models was implemented in bootstrap
analyses by using 500 and 1,000 random replicates selected
from the entire dataset for both time points, confirming the
results of the logistic regression analysis (data not shown).

Discussion

Patients in this large (N=1,352) study met current definitions
of complicated COPD: being elderly (=60 years old) with
moderate-to-severe airway obstruction (all with FEV, <60%,
25% with FEV | <30%), =2 exacerbations per year, and 80%
with comorbid conditions.!” However, as it can be seen in this
analysis (Table 1), many patients did not receive guideline-
approved treatment (eg, LABA and LAMA). The post hoc
analyses presented in this paper have identified several novel
observations that may help predict treatment failures of
AECOPD when treated according to the guidelines. Consid-
eration of the results is also helpful, highlighting hypotheses

about the complexity of the underlying pathomechanisms
of acute exacerbation of COPD. Frequent exacerbations
and subsequent hospitalizations worsen quality of life?* and
increase mortality risk;® therefore, avoiding clinical failure
in such patients has both short- and long-term benefits.

These analyses confirm the results of previous studies
showing that more frequent exacerbations increase the risk of
failure at EOT and more severe airflow obstruction is associ-
ated with poor outcome for up to 8 weeks posttherapy.'%1324
However, all enrolled patients had a FEV, <60% and =2
exacerbations in the previous year, and this may account for
frequent exacerbations not influencing failure at 8 weeks
posttherapy and the influence of low FEV | being less influ-
ential than in previous studies.

Interestingly, age and cardiac comorbidity were not found
to be predictive of poor outcome in this study in contrast to
previous studies.'>!* The lack of effect of older age is likely
due to the threshold of 60 years required for inclusion and
72% of the study population being =65 years, narrowing
the age spectrum for this analysis. Similarly, over two-thirds
of patients had a cardiovascular comorbidity, reflecting the
elderly population and smoking history, thereby, making
the influence of this variable difficult to determine.!” It
should also be noted that patients with clinically relevant
bradycardia, history of symptomatic arrhythmias, and heart
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Parameter P-value 95% ClI Category Clinical failure/total
n/N (%)
Coadministration of systemic ~ <0.01 2.34 1.73-3.18 Yes 141/475 (29.7)
corticosteroids (Yes vs No) No 143/877 (16.3)
Treatment with LABA <0.01 1.72 1.02-2.44 Yes 88/323 (27.2)
(Yes vs No) No 196/1,029 (19.0)
Treatment with LAMA 0.01 1.56 1.10-2.22 Yes 108/416 (26.0)
(Yes vs No) — No 176/936 (18.8)
1.74 <36°C 45/131 (34.4)
Lower BT (°C)? <0.01 e 1.31-2.31 >36°C-<37°C 186/882 (21.1)
>37°C 50/330 (15.2)
Presence of positive sputum <0.01 717'78 1.25-2.53 Yes 38/139 (27.3)
culture at EOT (Yes vs No) No 246/1,213 (20.3)
Wheezing at preexacerbation  <0.01 1.59 1.17-2.17 Present 113/473 (23.9)
(Present vs Absent) Absent 170/871 (19.5)
1.02 <30% 92/339 (27.1)
Lower FEV, % predicted? <0.01 P 1.01-1.03 >30%-<60% 188/993 (18.9)
260% 2/15 (13.3)
. 1.75
Shep dsturbance )(({‘:sﬁnf) <0.01 e 119-256 | NotatallSligthly  135/520 (26.0)

o Moderate 77/344 (22.4)
Sleep disturbance 0.02 1.65 1.10-2.50 A lot/Extreme 54/351 (15.4)
(Moderate vs A lot/Extreme)

1)04 <20 74/251 (29.5)

Lower BMI (kg/m?) 0.04 * 1.00-1.07 >20-<25 112/499 (22.4)
>25-<30 64/390 (16.4)
>30-<35 22/156 (14.1)
>35 12/56 (21.4)

1.90

Geographic region <0.01 - 1.28-2.84 AP 106/417 (25.4)

(AP vs LA) EU/CAN/SA 112/573 (19.5)

Geographic region 0.52 _1'14 0.76-1.72 LA 66/362 (18.2)

(EU/CAN/SA vs LA)

I T T T T T T 1
0.0 05 10 15 2.0 25 3.0 3.5 4.0
Decreasing risk Increasing risk

Figure 2 Prognostic factors associated with increased risk of clinical failure at 8 weeks posttherapy based on multivariate analysis.

Notes: Odds ratio is shown with horizontal line presentation of 95% CI. *Continuous variable.

Abbreviations: AP, Asia Pacific; BMI, body mass index; BT, body temperature; CAN, Canada; Cl, confidence interval; EOT, end of therapy; EU, Europe; FEV , forced
expiratory volume in | second; LA, Latin America; LABA, long-acting [3,-agonist; LAMA, long-acting anticholinergic; N, number of patients in category; n, number of patients

with clinical failures; SA, South Africa.

failure with documented reduced left-ventricular-ejection
fraction were excluded from the study, according to the
label of MXE."

Previous antibiotic trials of AECOPD have not shown
clear associations between baseline bacteriology and bac-
teriological response to clinical outcomes in AECOPD.
An important finding in MAESTRAL was that pretherapy
presence of bacterial pathogens resistant to study drugs pre-
dicted clinical failure at EOT, and the presence of a positive
bacterial culture at EOT increased the risk of clinical relapse
over subsequent weeks. Sputum cultures are currently not
advocated in the routine management of AECOPD.* Our data

suggest that pathogen-directed treatment (particularly when
at risk of carrying resistant pathogens) could be beneficial for
outpatients and may prevent clinical failure and relapses after
treatment. Therefore, sputum cultures should be considered
in at-risk patients.

Among the novel factors identified with poor outcome,
the most surprising observation was that the use of oral
corticosteroids at exacerbation was associated with worse
clinical outcomes at 8 weeks but not failure at the end of the
treatment. The obvious explanation is that treating physicians
determined the use of oral corticosteroids in patients who had
more severe disease;'” a worse outcome in those individuals
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could, therefore, be expected. Among corticosteroid-treated
patients, a significantly larger proportion had a history
of respiratory disorders, FEV, <30% predicted, greatly
increased dyspnea, increased heart rate and respiratory
rate, and very frequent cough at the “current exacerbation”;
thus presenting with more severe exacerbations.!” Previous
studies have demonstrated that oral corticosteroids reduce
treatment failures in exacerbations in hospitalized patients
and those attending emergency departments. None of these
studies examined an outpatient office-based population as
was conducted in the MAESTRAL study.° An important
difference between these previous trials and the current
study is that the antibiotics used here were appropriate for
the severity of these patients, while in some previous studies,
antibiotics of limited bacteriological efficacy were used***!
or were not documented.?** Another significant difference
is that while previous studies included all Anthonisen grades
of nonhospitalized patients, this study included only type 1
exacerbations in which the likelihood of bacterial infection
was greater.

Not only those patients receiving systemic corticosteroids
during exacerbation, but also those receiving LABA and/or
LAMA long-term were more likely to relapse during the
following 8 weeks. Our analyses suggest that this is most
likely because patients had more severe diseases and more
comorbidities as described above. However, despite these
treatments, patients remain at higher risk of failure; therefore,
alternative management needs to be explored. Targeted anti-
biotic treatment guided by sputum cultures at exacerbation
and EOT may be one such approach. Among these three
treatments, LAMA treatment was the only one associated
with early failure at EOT. Wheezing at preexacerbation was
another factor associated with failure at 8 weeks posttherapy,
which may be reflective of disease severity, making relapses
more likely to occur.

A novel observation in this study was that the presence
of lower BT (ie, =36°C) during exacerbation increased the
risk of clinical failure at EOT and 8 weeks posttherapy. The
body’s thermogenic capacity, in both healthy and infected
individuals, is centrally regulated and depends on nutritional
status, basal metabolic rate, diet, and physical activity.’>*
Lower BT may be the result of poor health status and mal-
nutrition (represented as BMI <20 kg/m?* and/or decreased
fat-free mass) that are frequently observed in COPD patients.
This analysis also showed that patients with the lowest
BMI values were at the highest risk of experiencing clini-
cal failure. COPD patients often suffer from low appetite,
weight loss, fatigue, muscle dysfunction, and other metabolic

impairments, which likely influence their respiratory func-
tion and physical activity level.* The effect of low BMI may
have been marginally significant in the analysis because of
an increased clinical failure rate at 8 weeks posttherapy in
patients with a BMI of >35 kg/m?. Previously, hypothermia
has been known to predict worse outcomes in critically ill
patients,**¢ particularly the elderly,**¢ and it may increase
the risk of pneumonia®” or mortality*® and could be indicative
of an inadequate host response to infection.’* In our study,
patients who had higher BT at exacerbation (ie, >37°C)
showed the lowest risk of clinical failure at EOT and 8 weeks
posttherapy. Of note, patients with BT =36°C were more
likely to be receiving LAMA treatment (13.6% vs 8.0%,
respectively; P<<0.01).

Increased respiratory rate, a parameter reflecting the
severity of the acute exacerbation episode, was associated
with worse outcomes at EOT. Sleep disturbances are com-
mon in COPD patients (up to 75% of patients) and could
be linked to increased exacerbation frequency and impaired
quality of life.*® However, in the present analysis, the pres-
ence of more severe sleep disturbances during the presenting
exacerbation episode was associated with lower likelihood
of relapse in the following 8 weeks. This observation seems
counterintuitive, but these patients might have received more
supporting therapy."’”

Our results present a number of predictive variables (at
EOT: 5 variables, at 8 weeks posttherapy: 10 variables)
which were identified in a step-by-step statistical analysis
and, furthermore, validated by bootstrapping and goodness-
of-fit tests, providing a rather strong prediction model for
such patients, particularly for the follow-up period. However,
these results should be generalized with great caution to the
general COPD population and best applied to those elderly
with complicated COPD, experiencing an Anthonisen type 1
exacerbation.??

In conclusion, this study has identified several clinically
useful predictive factors for clinical failure in AECOPD, in
addition to known factors such as age, severity of airflow
obstruction, frequency of previous exacerbations, and
cardiac comorbidity. Closer attention should be paid to
the frequency of exacerbations and severity of underlying
COPD, as gradations observed in these parameters influ-
ence clinical outcome. Severity of changes in wheezing at
preexacerbation, respiratory rate, and BT at exacerbation
should be warning signals of poorer outcome. In addition,
markers of disease severity such as low BMI, use of sys-
temic corticosteroids, and LAMA and LABA treatments
can be used to identify patients at risk for relapse following
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treatment recommended in the guidelines. Our findings
also emphasize the need for further studies investigat-
ing important questions, particularly whether evaluation
of sputum microbiology and pathogen-directed therapy
should be recommended to minimize the risk of poor out-
comes. Sputum culture is currently not recommended for
outpatients with AECOPD. However, the association of
the presence of bacterial pathogens resistant to study drugs
and positive bacterial culture at EOT with worse clinical
outcomes strongly suggests that this question should be
revisited. As new therapies are developed to treat infection
and inflammation in AECOPD, enrollment of patients with
previously known and newly identified poor prognostic
factors will need to be identified to ensure that studies are
adequately powered to include well-balanced study groups
and to allow appropriate subgroup analyses. In the interim,
patients at risk of poorer outcomes should be closely moni-
tored before, during, and after treatment of their exacerba-
tion and additional interventions implemented to resolve
the exacerbation and prevent relapses.
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