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ORIGINAL RESEARCH LETTER

Doxycycline for exacerbations of chronic
obstructive pulmonary disease in
outpatients: who benefits?
To the Editor:
Most patients with chronic obstructive pulmonary disease (COPD) experience exacerbations [1]. >80% of
the exacerbations are treated ambulatorily. Treatment consists of inhaled bronchodilator therapy and oral
corticosteroids, whereas the contribution of antibiotics is less clear. A meta-analysis [2] recently reported
less treatment failure within 4 weeks in outpatient exacerbations treated with antibiotics: 21.2% in the
group treated with antibiotics versus 29.2% in the placebo group. This means that 12–13 patients must be
treated with antibiotics to prevent one treatment failure (number needed to treat: 12.5).
It remains unclear who benefits from antibiotic treatment. Restricting antibiotic treatment to those who
benefit is important to prevent antibiotic overuse, the key driver of antibiotic resistance. A randomised
trial by ANTHONISEN et al. [3] showed that patients with increased dyspnoea, increased sputum volume and
increased sputum purulence had statistically significantly less treatment failure within 21 days when they
were treated with antibiotics compared to placebo. There were no statistically significant differences in
treatment failure rates in patients with only one symptom. This could not be confirmed in a more recent
study [4]. Current guidelines reflect this uncertainty. The European Respiratory Society and American
Thoracic Society recommend antibiotics for all ambulatory patients [5]. The Global Initiative for Chronic
Obstructive Lung Disease (GOLD) recommends treating outpatients with antibiotics if they have three
major symptoms (increase in dyspnoea, sputum volume and sputum purulence) or two if increased
sputum purulence is one of them [1]. In contrast, the UK National Institute for Health and Care
Excellence guideline advises weighing risks and benefits of antibiotics in each individual case [6].
The use of biomarkers however might be helpful: C-reactive protein-guided prescribing of antibiotics for
exacerbations of COPD in primary care resulted in lower antibiotic use, with no evidence of harm [7], and
in another study, primary care patients without sputum purulence, and a CRP value <40 mg·L−1 could be
safely treated without antibiotics [4]. In addition, a procalcitonin-guided antibiotic strategy has been
associated with fewer antibiotic prescriptions [8]. As these tools are not always available, additional research
is needed to identify those outpatients that benefit from antibiotic therapy. The aim of the present study was
to identify clinical characteristics that could guide the decision to prescribe or withheld antibiotic treatment.
For this study, we used data of all 301 patients participating in a randomised placebo-controlled trial
comparing doxycycline with placebo for the treatment of COPD exacerbations in an outpatient setting [9].
Trial design, participants and procedures have been described previously [9]. In short, we recruited a
cohort of patients with COPD from outpatient clinics of nine teaching hospitals and three primary care
centres in the Netherlands. In cases of an exacerbation, patients were randomly assigned to receive
doxycycline or a placebo. An exacerbation was defined as an event characterised by a change in patients’
baseline dyspnoea, cough or sputum beyond day-to-day variability, sufficient to warrant a change in
management other than optimising bronchodilator therapy [1, 5]. All patients received a course of oral
corticosteroids (OCS). Fever at the time of exacerbation was the most important exclusion criterion. At
randomisation, clinical data including respiratory symptoms and sputum characteristics were collected.
@ERSpublications
No clinical characteristics, particularly not sputum characteristics, can guide antibiotic
prescription in patients with mild to severe COPD exacerbations https://bit.ly/3e1JV8o
Cite this article as: van Velzen P, ter Riet G, Brinkman P, et al. Doxycycline for exacerbations of
chronic obstructive pulmonary disease in outpatients: who benefits? ERJ Open Res 2020; 6: 000992020 [https://doi.org/10.1183/23120541.00099-2020].
Copyright ©ERS 2020. This article is open access and distributed under the terms of the Creative Commons Attribution NonCommercial Licence 4.0.

https://doi.org/10.1183/23120541.00099-2020

ERJ Open Res 2020; 6: 00099-2020

ORIGINAL RESEARCH LETTER | P. VAN VELZEN ET AL.

Treatment failure was defined as the need for a new course of OCS and/or the prescription of open-label
antibiotics, hospitalisation or death [10]. The presence of treatment failure was established at day 21.
We performed 33 subgroup analyses in which we compared treatment failure rates. Six were predefined in
our previous publication [9]: age, sex, GOLD stage, smoking status, number of previous exacerbations in
the past 3 years and treatment setting. The others were exploratory. Subgroups were based on clinical
variables available at baseline or during exacerbation, including exacerbation characteristics, spirometry
data, medical history, inhalation medication and health-related quality of life.
Continuous data were dichotomised; splits were based on the literature or mean/median. We repeated
analyses with continuous data grouped in tertiles. For all subgroups, stratum-specific odds ratios with 95%
confidence intervals and tests for interaction were calculated. For statistical analyses, we used the
Mantel–Haenszel odds ratio (mhor) function from the epiDisplay package in R (version 3.6.1) and
RStudio (version 1.2.1.335). We used a significance level of 0.05; therefore, given the number of
comparisons, at least one interaction test is expected to be statistically significant based on chance alone [11].
301 patients were included in the trial, 150 in the doxycycline group and 151 in the placebo group.
Clinical and exacerbation characteristics were generally well balanced [9].
Treatment failure rates at day 21 were 24 (16%) out of 150 in the doxycycline group and 40 (26.5%) out of
151 in the placebo group ( p=0.03). Reasons for treatment failure were a new course of OCS in 12 patients
in the doxycycline group and in seven patients in the placebo group ( p=0.28), open-label antibiotics in
five versus 15 patients ( p=0.04), and both OCS and open label antibiotics in seven versus 10 patients
( p=0.62). No patients were admitted to the hospital in the doxycycline group versus eight in the placebo
group ( p=0.007). There were no deaths in either group.
Subgroup

Doxycyline n/N

Placebo n/N

OR (95% CI)

Age
<65 years
≥65 years

11/74
13/76

15/66
25/85

1.68 (0.66–4.43)
2.01 (0.89–4.70)

Sex
Male
Female

13/98
11/52

21/81
19/70

2.28 (1.00–5.37)
1.38 (0.55–3.61)

GOLD stage
1, 2
3

16/102
8/48

28/103
12/48

2.00 (0.96–4.28)
1.66 (0.55–5.25)

Smoking status
Former
Current

11/101
13/49

25/86
15/65

3.33 (1.45–8.09)
0.83 (0.32–2.16)

Setting
GP
Pulmonologist

11/49
13/101

18/64
22/87

1.35 (0.53–3.57)
2.28 (1.01–5.32)

Frequency of exacerbations
<2 per year
≥2 per year

14/93
10/57

28/106
12/45

2.02 (0.94–4.48)
1.7 (0.59–4.97)

Exacerbation type
Type 1
Type 2, 3

15/89
9/61

16/77
24/74

1.29 (0.55–3.06)
2.75 (1.1–7.42)

Sputum purulence
Yes
No

7/55
17/95

19/64
21/87

2.87 (1.03–8.88)
1.46 (0.67–3.21)

Increased sputum volume
Yes
No

5/35
19/115

12/34
28/117

2.87 (0.89–13.43)
1.46 (0.79–3.23)

p-value for
interaction
0.76

0.39

0.76

0.02

0.37

0.78

0.2

0.27

0.3

0 1 2 3 4 5 6 7 8 9 10 1112 13
Placebo better

Doxycycline better

FIGURE 1 Subgroup analyses for patients who had treatment failure at day 21. Type 1: three Anthonisen criteria [3] present (increased dyspnoea,
increased sputum and sputum purulence). Type 2: two Anthonisen criteria present. Type 3: one Anthonisen criterion present. For exacerbation
type, sputum purulence and sputum volume, odds ratios differ by an amount that seems clinically relevant. The 95% confidence intervals show
that a type II error may be responsible for the large p-value for interaction. GOLD: Global Initiative for Chronic Obstructive Lung Disease; GP:
general practitioner.
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Former smokers were more likely to fail without antibiotics than current smokers: OR 3.33, 95% CI
1.45–8.09; p-value for interaction 0.02. We found no other subgroup effects (figure 1).
Former smokers had a greater risk of treatment failure at day 21 without antibiotics than current smokers.
This is an unexpected and previously unpublished finding, which we should therefore interpret with
caution. There were no additional benefits of antibiotic treatment in any of the other predefined and
exploratory subgroups. Notably, the presence of sputum purulence was not associated with less treatment
failure if treated with antibiotics. Sputum purulence is associated with bacterial presence [12, 13] and is
often used as a justification to prescribe antibiotics. Two randomised trials reported that sputum purulence
is associated with treatment failure if not treated with antibiotics [3, 14], but this finding was not
confirmed in our trial: failure rates did not differ in type 1 versus type 2/3 exacerbations and exacerbations
with or without sputum purulence treated with or without antibiotics. This might be explained by
differences in study design and study population. First, concomitant treatment with OCS was regulated per
protocol and was prescribed in 95% of the patients, in contrast with the two previously mentioned trials
[3, 14]; OCS are recommended in all current guidelines as OCS improve lung function and might reduce
treatment failure [15]. Second, fever was an exclusion criterion. Third, patients with very severe COPD
were excluded.
A strength of this study is the use of data from one of the largest randomised trials in this field.
Limitations of an exploratory study are that this does not allow for power calculations. Therefore, negative
results may represent type II error. An analysis in which we partitioned our data into tertiles to enhance
contrast between the lowest and the highest tertiles also did not demonstrate subgroup effects. Another
limitation is that patients with very severe COPD were excluded. As most patients have mild to severe
COPD, we think that our results can be extrapolated to most outpatients. Finally, in all cases, the
antibiotic was doxycycline. We cannot therefore be sure that our findings can be extrapolated to other
antibiotics.
In conclusion, doxycycline has some effect on treatment failure rates at day 21. However, we did not find
clinical characteristics, in particular not sputum characteristics, in patients with mild to severe COPD with
an exacerbation without fever that identify those who benefit from antibiotic treatment.
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