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In ‘real world’ patients with COPD, 
exacerbation history, and not blood eosinophils, 
is the most reliable predictor of future 
exacerbations
Heinrich Worth1*, Roland Buhl2, Carl‑Peter Criée3, Peter Kardos4, Eva Gückel5 and Claus F. Vogelmeier6 

Abstract 

Introduction There is an interest in the role of blood eosinophils for predicting inhaled corticosteroid (ICS) response 
in chronic obstructive pulmonary disease (COPD). Most data are from interventional clinical studies; data from 
unselected real‑world populations may help better inform treatment decisions. DACCORD is a non‑interventional 
real‑world study. Cohort 3 recruited patients with COPD who had received triple therapy for ≥ 6 months; prior to entry 
patients either continued triple therapy, or switched to a long‑acting muscarinic antagonist/long‑acting  beta2‑agonist 
(LABA/LAMA), and were followed for 12 months.

Methods For these post-hoc analyses, patients were divided into four groups based on exacerbation history and 
baseline blood eosinophil count (< 100 vs. > 300 cells/µL). Exacerbation rates were calculated overall and for the two 
treatments.

Results Among the 430 patients in the current analyses, the largest groups had low exacerbation history with high 
(44.2%) or low eosinophils (36.7%). Most patients did not exacerbate during follow‑up (68.8% overall; 83.2% and 63.7% 
with LABA/LAMA and triple therapy). The highest exacerbation rates were in groups with high exacerbation history, 
differing significantly in the overall analyses from those with low exacerbation history (matched by eosinophil count); 
rates did not differ when grouped by eosinophil count (matched by exacerbation history).

Conclusions Although most patients in these analyses did not exacerbate during follow‑up, whereas exacerbation 
history is a predictor of future exacerbations, blood eosinophil count is not. This suggests that although eosinophil 
count may help to guide ICS initiation, this is less of a consideration when ‘stepping‑down’ from triple therapy to a 
LABA/LAMA
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Introduction
There is an ongoing debate about potential clini-
cal and laboratory parameters that may help iden-
tify the patients with chronic obstructive pulmonary 
disease (COPD) who may benefit from inhaled tri-
ple therapy, and those in whom triple therapy may be 
‘stepped-down’ to a long-acting muscarinic antagonist 
plus long-acting beta2-agonist combination (LABA/
LAMA). Some analyses have suggested that blood 
eosinophils can guide treatment choice and/or pre-
dict treatment response in patients with COPD [1, 2], 
and blood eosinophil levels are recommended in the 
Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) strategy document as one of the prime fac-
tors to consider when initiating inhaled corticosteroid 
(ICS) treatment [3]. However, whereas in asthma blood 
eosinophil levels are clearly associated with subsequent 
exacerbation risk [4–6], results in COPD are mixed, 
and the GOLD Scientific Committee has advised that 
blood eosinophil levels cannot be used as a standalone 
biomarker of future risk [7]. Consistent with this, in a 
pooled analysis of data from 11 studies there was no 
clinically important relationship between baseline 
blood eosinophil count and exacerbation rate [8]. Simi-
larly, in a prospective observational study there was no 
relationship between blood eosinophil count and sub-
sequent prognosis [9]. However, these analyses did not 
take into account the relationship between eosinophil 
levels and medication usage (specifically ICS use) on 
exacerbation risk. Indeed, in a pooled analysis of inter-
ventional clinical studies, there was a complex asso-
ciation of prior and current medication, exacerbation 
history, and baseline eosinophil count with subsequent 
exacerbation risk – with baseline eosinophil count cor-
relating with subsequent exacerbation risk in those who 
had ICS withdrawn [10]. A major confounding factor in 
such interventional studies are their inclusion criteria, 
with almost all recruiting patients at high exacerbation 
risk, therefore limiting the validity of these analyses. 
Similar analyses in unselected real-world populations 
may therefore help better inform treatment decisions.

DACCORD is a longitudinal, non-interventional real-
world study that has recruited patients with COPD in 
three cohorts [11–17]. The third cohort, which is the 
subject of this manuscript, recruited patients who had 
been receiving triple therapy for at least six months; the 
treating physician then either continued triple therapy, or 
switched the patient to a LABA/LAMA fixed-dose com-
bination (FDC) prior to entry, with these patients fol-
lowed up for 12 months [17]. Following this ‘step-down’ 
there was no overall worsening in COPD – indeed, some 
patients had better outcomes after being switched to 

LABA/LAMA FDC than those continuing triple therapy, 
with a lower proportion of patients in the LABA/LAMA 
group having COPD worsening or exacerbating [17].

One of the prespecified analyses for this cohort was of 
the predictive value of blood eosinophil values (assessed 
up to six months prior to entry) for subsequent events, 
including exacerbations [17]. There was no consistent 
relationship between eosinophil values and exacerba-
tions, in that patients with the highest baseline eosino-
phil values in both groups did not exacerbate during the 
study, whereas patients with the highest number of exac-
erbations had low eosinophil counts. However, the pre-
specified analyses did not take exacerbation history into 
account, and we therefore decided to perform additional 
post-hoc analyses of these data, combining eosinophil 
counts with exacerbation history.

Methods
Trial design
Patients in Cohort 3 of DACCORD were recruited at 
85 primary and secondary care practices distributed 
throughout Germany. Eligible patients were adults aged 
at least 40 years who had a confirmed diagnosis of COPD, 
were included in the Disease Management Program 
(DMP) for COPD or fulfilled the criteria for inclusion, 
had been receiving LABA + LAMA + ICS therapy for at 
least six months prior to baseline, had available data on 
blood eosinophil count (determined within six months 
prior to inclusion), and provided written informed con-
sent. Exclusion criteria were limited to inclusion in the 
asthma DMP, concomitant asthma or a prior asthma 
diagnosis, foreseeable problems in follow-up across the 
study duration, or current randomised controlled trial 
participation.

Prior to study entry, each patient’s physician decided, 
in agreement with the patient, to either continue mainte-
nance treatment with triple therapy, or switch to a LABA/
LAMA FDC. Given the non-interventional ‘real-life’ 
nature of the study, this decision was to have been made 
by the treating physician based only on the individual cir-
cumstances of the patient, and was neither influenced by 
the fact that patients were included in DACCORD nor by 
the protocol itself. Specific visits were not mandated by 
the protocol, but, consistent with usual care in Germany, 
it was anticipated that data would be recorded approxi-
mately every three months.

The study was registered in the European Network of 
Centers for Pharmacoepidemiology and Pharmacovigi-
lance (EUPAS4207; http:// www. encepp. eu/ encepp/ viewR 
esour ce. htm? id= 6316) and was approved by the eth-
ics committee of the University of Erlangen-Nürnberg, 
Germany.

http://www.encepp.eu/encepp/viewResource.htm?id=6316
http://www.encepp.eu/encepp/viewResource.htm?id=6316
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Statistical methods
For these post-hoc analyses, patients were grouped as 
follows:

• Group 1 (low exacerbation history and high baseline 
eosinophils): 0–1 non-hospitalised and 0 hospitalised 
exacerbations in the year prior to entry, and > 300 
eosinophils/µL at baseline;

• Group 2 (high exacerbation history and high baseline 
eosinophils): ≥2 non-hospitalised or ≥ 1 hospitalised 
exacerbations in the year prior to entry, and > 300 
eosinophils/µL at baseline;

• Group 3 (low exacerbation history and low baseline 
eosinophils): 0–1 non-hospitalised and 0 hospitalised 
exacerbations in the year prior to entry, and < 100 
eosinophils/µL at baseline;

• Group 4 (high exacerbation history and low baseline 
eosinophils): ≥2 non-hospitalised or ≥ 1 hospitalised 
exacerbations in the year prior to entry, and < 100 
eosinophils/µL at baseline.

The exacerbation rate was estimated within these 
groups, both overall and for the two treatments, using 
a negative binomial regression model with annualised 
numbers of exacerbation as dependent variable and no 
independent variable. Data were analysed in recruited 
patients who completed the end-of-study visit and at 

least two of the three intermediate visits, and who had 
no relevant deviations from the observational plan. In 
order to create a clear distinction between the low and 
high eosinophil groups, patients with between 100 and 
300 eosinophils/µL at baseline were excluded from these 
analyses.

Results
Cohort 3 of DACCORD ran between January 2018 and 
January 2021. Of the 1192 patients recruited, 967 had 
valid baseline data and completed at least two of the 
three quarterly visits with no major protocol devia-
tions [17]. After excluding those with baseline eosino-
phil count between 100 and 300 cells/µL the current 
analyses include data from 430 patients. In the overall 
population, the largest group of patients was Group 1 
(low exacerbation history and high baseline eosinophils 
[44.2%]), followed by Group 3 (low exacerbation history 
and low baseline eosinophils [36.7%]; Table  1). Most of 
the patients (68.8%) did not exacerbate during the follow-
up period. The highest proportions of patients who did 
exacerbate were in Groups 2 and 4 (the groups with a 
high exacerbation history), although patients who exacer-
bated still comprised less than 50% of each group. These 
data were consistent with the exacerbation rate data, in 
that the rates in all four groups were low, but the high-
est rates were in the two groups with a high exacerbation 

Table 1 Proportion of patients exacerbating during the follow‑up period, with patients categorised by exacerbation history and 
eosinophil count

Group 1: 0-1 non-hospitalised and 0 hospitalised exacerbations in the year prior to entry and >300 eosinophils/μL at baseline; Group 2: ≥2 non-hospitalised or ≥1 
hospitalised exacerbations in the year prior to entry and >300 eosinophils/μL at baseline; Group 3: 0-1 non-hospitalised and 0 hospitalised exacerbations in the year 
prior to entry and <100 eosinophils/μL at baseline; Group 4: ≥2 non-hospitalised or ≥1 hospitalised exacerbations in the year prior to entry and <100 eosinophils/μL 
at baseline

Patients (%) Group 1
Low exacerbations and 
high eosinophils

Group 2
High exacerbations and 
high eosinophils

Group 3
Low exacerbations and 
low eosinophils

Group 4
High exacerbations 
and low eosinophils

Total

Overall population (N = 190) (N = 53) (N = 158) (N = 29) (N = 430)

    No exacerbation 137 (72.1) 27 (50.9) 117 (74.1) 15 (51.7) 296 (68.8)

    One or more exacerba‑
tion

41 (21.6) 26 (49.1) 35 (22.2) 13 (44.8) 115 (26.7)

    Missing values 12 (6.3) 0 6 (3.8) 1 (3.4) 19 (4.4)

LABA/LAMA fixed–dose 
combination group

(N = 50) (N = 4) (N = 57) (N = 2) (N = 113)

    No exacerbation 43 (86.0) 2 (50.0) 48 (84.2) 1 (50.0) 94 (83.2)

    One or more exacerba‑
tion

5 (10.0) 2 (50.0) 9 (15.8) 1 (50.0) 17 (15.0)

    Missing values 2 (4.0) 0 0 0 2 (1.8)

Triple therapy (N = 140) (N = 49) (N = 101) (N = 27) (N = 317)

    No exacerbation 94 (67.1) 25 (51.0) 69 (68.3) 14 (51.9) 202 (63.7)

    One or more exacerba‑
tion

36 (25.7) 24 (49.0) 26 (25.7) 12 (44.4) 98 (30.9)

    Missing values 10 (7.1) 0 6 (5.9) 1 (3.7) 17 (5.4)
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history (Fig.  1). Furthermore, as indicated by the 95% 
confidence intervals, the exacerbation rates in Groups 
1 and 3 (low exacerbation history) differed significantly 
from those of Groups 2 and 4 (high exacerbation his-
tory) when matched by baseline eosinophil category. 
However, the exacerbation rates in Groups 1 and 2 (high 
baseline eosinophil count) did not differ from those in 
Groups 3 and 4 (low eosinophil count) when matched 
by exacerbation history. Patients recruited into DAC-
CORD Cohort 3 had predominantly mild to moderate 
airflow limitation (assessed at standard clinic visits with-
out requiring washout of maintenance therapy and not 
necessarily post-bronchodilator), with mean (SD) forced 
expiratory volumes in 1 s of 66.9% (24.7) and 57.7% (22.8) 
in the LABA/LAMA FDC and triple therapy groups, 
respectively.

Fewer patients entered DACCORD receiving LABA/
LAMA FDC than triple therapy (340 [30.2%] vs. 784 
[69.8%] in the full DACCORD population). For the cur-
rent analyses, the proportion of patients receiving the 
two therapies was consistent with the full DACCORD 
population (26.3% vs. 73.7%), resulting in very low 
patient numbers in some of the groups (LABA/LAMA 
FDC Groups 2 and 4 contained only 4 and 2 patients, 
respectively). Despite this, the pattern of exacerbations 
was similar when analysed by treatment to that in the 
overall population, with the majority of patients not exac-
erbating (83.2% receiving LABA/LAMA FDC and 63.7% 

receiving triple therapy), and the highest proportions of 
patients who did exacerbate being in Groups 2 and 4 (i.e., 
the high exacerbation history groups), although patients 
who exacerbated still comprised approximately 50% of 
each group (Table 1).

The exacerbation rate pattern in the two treatment 
groups was also consistent with the overall population, 
although the lower patient numbers resulted in wide 
and overlapping confidence intervals (Fig. 2). In all four 
of the analysed groups, exacerbation rates were numeri-
cally higher in those receiving triple therapy than in those 
receiving LABA/LAMA FDC.

Discussion
Exacerbation history is recognised as a key predictor of 
future exacerbation risk, with results from other non-
interventional studies such as ECLIPSE [18] helping to 
inform treatment recommendations [3]. The current 
analyses, using data collected at standard clinic visits 
from patients who were receiving triple therapy for at 
least six months prior to entry and who then either con-
tinued triple therapy or switched to a LABA/LAMA 
FDC prior to entry, support and extend these previ-
ous findings. In the overall population there was a clear 
separation between those individuals with a low exac-
erbation history (defined consistently with GOLD) and 
those with a high exacerbation history. Just under three 
quarters of patients with a low exacerbation history did 

Fig. 1 Annualised exacerbation rates during the follow‑up period, with patients categorised by exacerbation history and eosinophil count in the 
overall population. Group 1: 0–1 non‑hospitalised and 0 hospitalised exacerbations in the year prior to entry and > 300 eosinophils/µL at baseline; 
Group 2: ≥2 non‑hospitalised or ≥ 1 hospitalised exacerbations in the year prior to entry and > 300 eosinophils/µL at baseline; Group 3: 0–1 
non‑hospitalised and 0 hospitalised exacerbations in the year prior to entry and < 100 eosinophils/µL at baseline; Group 4: ≥2 non‑hospitalised or 
≥ 1 hospitalised exacerbations in the year prior to entry and < 100 eosinophils/µL at baseline
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not experience any exacerbations during the follow-up 
period, compared with approximately half of those with 
a high exacerbation history, and with significantly lower 
mean exacerbation rates in the low exacerbation history 
groups than the high exacerbation history groups when 
matched by baseline eosinophil category.

Although when analysed by treatment the low patient 
numbers resulted in high variability around the mean 
exacerbation rate, the same trend was seen with both 
treatments. It is of note that despite ICS treatment being 

discontinued prior to inclusion, the mean exacerbation 
rates over the follow-up period were all lower in those 
receiving a LABA/LAMA FDC than in those receiving 
triple therapy, with approximately 85% of patients receiv-
ing a LABA/LAMA FDC and who had a low exacerbation 
history not exacerbating during the follow-up period, 
suggesting that the treating physicians were able to select 
patients who could be ‘stepped down’ to a LABA/LAMA.

Baseline blood eosinophil count, however, did not cor-
relate with subsequent exacerbations, either in the overall 

Fig. 2 Annualised exacerbation rates during the follow‑up period, with patients categorised by exacerbation history and eosinophil count: A in 
the LABA/LAMA fixed‑dose combination group; B in the triple therapy group. Group 1: 0–1 non‑hospitalised and 0 hospitalised exacerbations in 
the year prior to entry and > 300 eosinophils/µL at baseline; Group 2: ≥2 non‑hospitalised or ≥ 1 hospitalised exacerbations in the year prior to 
entry and > 300 eosinophils/µL at baseline; Group 3: 0–1 non‑hospitalised and 0 hospitalised exacerbations in the year prior to entry and < 100 
eosinophils/µL at baseline; Group 4: ≥2 non‑hospitalised or ≥ 1 hospitalised exacerbations in the year prior to entry and < 100 eosinophils/µL at 
baseline 
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analysis or with either treatment. These results contrast 
somewhat with those of a previous analysis of pooled 
data, in which baseline eosinophil count correlated with 
subsequent exacerbation risk in those who had ICS with-
drawn [10] (so the equivalent of those receiving a LABA/
LAMA FDC in the current analyses, given these patients 
were previously receiving ICS + LABA + LAMA triple 
therapy). However, this previous analysis used data from 
a series of interventional clinical studies that recruited 
patients with a much higher exacerbation risk than those 
recruited into DACCORD, and who are much more likely 
to reflect patients with COPD in the ‘real world’ – 65% in 
the pooled analyses had a history of at least one moder-
ate/severe exacerbation compared to 45% in the overall 
DACCORD population [17]. This difference clearly high-
lights that outcomes of clinical studies in highly selected 
patient populations cannot always be extrapolated to a 
real-world population, and emphasises the importance 
of conducting studies in patients who are as close to the 
‘real life’ patient as possible.

The main limitations of these analyses are, of course, 
also associated with this key strength – the purely non-
interventional nature of the study. The only data avail-
able are those collected from standard clinic visits, 
and so it would be unrealistic to recruit only patients 
who had a blood eosinophil count conducted just 
prior to study entry. We therefore selected a period of 
six months to collect these data – although 92.2% had 
values assessed within three months of entry [17]. Sec-
ondly, given the non-interventional nature of the study, 
the decision to switch the patient from triple to LABA/
LAMA FDC therapy (or maintain triple therapy) had to 
be taken prior to inclusion into the study, with the pro-
tocol not impacting treatment choice, and thus patients 
could not be randomised to therapy, resulting in very 
low numbers of patients in some subgroups. In addi-
tion, all data were collected from the study centres’ own 
equipment and laboratories. However, these limitations 
are all consistent with standard care. Furthermore, we 
do not know why triple therapy was previously initiated 
in these patients. Finally, the non-interventional nature 
also meant that medication changes were not prohib-
ited by the protocol, and so it was theoretically possible 
for all patients who switched to LABA/LAMA FDC to 
subsequently resume triple therapy. In the event, the 
majority of patients continued with the same treatment 
regimen for the duration of follow-up (87.7% and 89.3% 
of patients in the LABA/LAMA FDC and triple therapy 
groups respectively) [17].

In conclusion, although the majority of patients 
included in these analyses did not exacerbate during 
the follow-up period, whereas exacerbation history is 
a predictor of future exacerbations, blood eosinophil 

count is not. This suggests that although eosinophil 
count may help to guide initiation of ICS therapy (or 
indeed when not to initiate an ICS) [3], this is less of a 
consideration when ‘stepping down’ from triple therapy 
to a LABA/LAMA FDC. Indeed, as was shown in the 
main analyses, some patients may have a clinical benefit 
from this step-down [17].
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