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Introduction

Chronic obstructive pulmonary disease (COPD) is currently 
the fourth leading cause of death in the world, but is 
projected to be the 3rd leading cause of death by 2020 (1). 
Long-acting inhaled bronchodilators with or without 
inhaled corticosteroids are central to the management of 
patients with moderate to severe COPD. 

Roflumilast is an orally administered phosphodiesterase 
enzyme 4 (PDE4) inhibitor indicated as a treatment to 

reduce the risk of COPD exacerbations in patients with 
severe COPD associated with chronic bronchitis and 
a history of frequent exacerbations. Its principal action 
is to reduce inflammation by inhibiting the breakdown 
of intracellular cyclic AMP. The beneficial effects of 
roflumilast have been reported to be greater in COPD 
patients with a prior history of hospitalizations due to acute 
exacerbations (2,3).

Several clinical studies have demonstrated that 
roflumilast improves lung function and reduces the risk of 
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studied in terms of efficacy, safety, and drug discontinuation rate. Efficacy was evaluated as the effect of 
roflumilast on exacerbation and hospitalization rates of COPD compared to the pre-treatment period.
Results: Eighty-three COPD patients treated with roflumilast were included (mean age 66.2±9.3 years, 
88.0% male). All the patients were chronic bronchitis and frequent exacerbator clinical phenotype and were 
classified in the Global Initiative for Chronic Obstructive Lung Disease categories C (n=17; 20.5%) and D 
(n=66; 79.5%). Mean duration of roflumilast use was 18.9±10.4 months. There was a significant decrease in 
both COPD exacerbations (2.7 vs. 1.16; P<0.001) and hospitalizations (0.77 vs. 0.32; P<0.001) in roflumilast 
users compared to the pre-treatment period. Of the patients, 22 (26.5%) experienced adverse events (AE) 
during their treatment period. The most frequently reported AEs were weight loss (10.8%), loss of appetite 
(10.8%) and nausea (8.4%). Serious or life-threatening AEs were not detected. Sixteen (19.3%) patients 
discontinued roflumilast because of AEs.
Conclusions: Roflumilast reduced exacerbations and hospitalizations in our real-world population with 
severe COPD. AEs are common and frequently leading to discontinuation of roflumilast therapy.
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exacerbation, and inhibition of airway inflammation might 
contribute to the beneficial effect of roflumilast on COPD. 
On the other hand, it is still difficult to judge whether or 
not the benefits of roflumilast outweigh the side effects. 
PDE4 inhibitors lead to more adverse events (AEs) than 
inhaled medications in COPD (3). The most frequent AEs 
are diarrhea, reduced appetite, weight loss, abdominal pain, 
sleep disturbance and headache. A recent meta-analysis 
showed that roflumilast significantly increased AEs such as 
diarrhea (RR 2.945, P<0.001) and weight loss (RR 3.814, 
P<0.001) (4). Randomized controlled clinical trials (RCTs) 
do not always reflect a real-world population. In real-
world clinical experience, reported side effect and drug 
discontinuation rates seem to be higher than the figures 
reported in RCTs (5-8), but real-world studies about the 
use of roflumilast are still limited.

Our aim was to assess the safety of roflumilast in the 
treatment of stable patients with severe COPD in a real-
world setting. We also analyzed the effect of roflumilast on 
exacerbation and hospitalization rates in COPD. 

Methods

From August 2014 to August 2017, medical records of all 
COPD patients who were prescribed roflumilast therapy in 
Akdeniz University Hospital were analyzed retrospectively. 
Only the outpatients whose treatment for COPD, other 
than addition of roflumilast (500 μg tablet, once daily), was 
not changed were included in the study. The patients were 
on stable state when the roflumilast therapy was prescribed. 
The present study was conducted according to the principles 
stated in the Declaration of Helsinki, and the local ethics 
committee approved the study protocol (date: July 25, 2018 
and issue number: 528). A COPD diagnosis was based upon 
a post-bronchodilator forced expiratory volume in 1 second 
(FEV1)/forced vital capacity (FVC) ratio of <0.7, in the 
absence of a primary diagnosis of bronchiectasis, asthma or 
any other significant respiratory disease. The patients also 
had symptoms and a history compatible with COPD (disease 
onset after 40 years of age, smoking history of at least  
10 packs/years, or occupational exposure to irritant or toxic 
gases or biomass exposure). Spirometric measurements were 
performed during stable state. The GOLD categorization 
of the COPD patients, whether C or D, was determined 
using either modified Medical Research Council (mMRC) 
dyspnea scale or COPD Assessment test (CAT) and severity/
frequency of the exacerbations in the last 12 months.  
The COPD patients were not enrolled unless they met the 

recommended roflumilast prescription criteria (chronic 
bronchitis and frequent exacerbator phenotype and post-
bronchodilator FEV1 less than 50% predicted on a given 
patient without hepatic problems) (1).

The patients were on a regular follow-up in our 
outpatients’ clinics. These patients were questioned and 
examined in a detailed and structured manner in each visit, 
and the data in their records were updated accordingly. 
The data we obtained for this study included socio-
demographic information, smoking history, pulmonary 
function test results, AEs associated with roflumilast use, 
any discontinuation due to roflumilast AE and the number 
of COPD exacerbations in the year before the initiation 
of roflumilast and the number of COPD exacerbations 
after the initiation of roflumilast. An exacerbation was 
determined if a patient was prescribed antibiotics and/
or systemic corticosteroids due to worsening of COPD 
symptoms. Hospitalizations due to respiratory causes before 
and after the treatment of roflumilast were also obtained. 
Safety assessment included all AEs reported by the 
physicians in patients’ medical records. The AEs leading to 
the drug discontinuation were also noted. AEs were defined 
as severe, if leading to hospitalization or death. 

The statistical analysis was performed using SPSS 23.0 
program. The descriptive data were presented in terms of 
percent and mean values with their standard deviations. 
The Paired Samples t-test was utilized to compare the 
exacerbation rates and hospitalization rates before and 
after the roflumilast treatment. Since patients had different 
follow-up periods, the annualized rates of exacerbations and 
hospitalizations were used in the comparison analysis. P 
value <0.05 was accepted to be statistically significant. 

Results

Our search through the medical records yielded that 107 
patients were prescribed with roflumilast therapy during the 
study period. There were insufficient data in the medical 
records of the 18 patients, and we also noted that 6 additional 
patients did not use the prescribed drug any time. Therefore, 
we could include 83 patients in the final analysis. Of the 83 
patients (10 female, 73 male), 79.5% were in the GOLD 
D category, and 20.5% were in the GOLD C category. 
Eight patients (9.6%) were never smokers, and 14 patients 
(16.9%) were current smoker. The mean smoke load was 
44.5±31.8 packs/years. The patients without smoking history 
had evident occupational and/or biomass exposure, and 
supporting their COPD diagnosis, their past medical records 
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did not reveal any significant reversibility with neither 
inhaled salbutamol nor long-term COPD treatment. Their 
mean age was 66.2±9.3 years, mean BMI was 25.6±5.1 kg/m², 
and mean duration of roflumilast use was 18.9±10.4 months. 
The baseline characteristics of the patients were presented 
in Table 1. During recruitment, all patients were already on 
triple regimen with ICS + LABA + LAMA.

Compared to the pre-treatment period, the roflumilast 
use led to a significant reduction in the COPD exacerbation 
rates .  The mean COPD exacerbation rate in the 
previous year was 2.7±1.68, whereas the mean number of 
exacerbations during roflumilast use became 1.16±1.36/year 
(P<0.001). Annual hospitalization rate due to respiratory 
causes also decreased after roflumilast treatment from 
0.77±0.92 to 0.32±0.73 (P<0.001). 

AEs occurred in 22 (26.5%) patients. The most frequent 
AEs were loss of appetite (10.8%) and weight loss (10.8%). 
Other AEs were nausea (8.4%), abdominal pain (7.2%), 
diarrhea (3.6%), myalgia (2.4%) and palpitation (1.2%). 
Sixteen (19.3%) patients discontinued the treatment because 
of AEs. None of the AEs were life-threatening (Table 2). 
Any discontinuation data due to the lack of efficacy were 
not noted in the records.

Discussion

In the present study, we showed that roflumilast decreased 
exacerbation and hospitalization rates in patients with severe 
COPD. Our real-world group also yielded an AE profile 
of roflumilast (26.5%) that was more prevalent than the 
figures reported in the RCTs and was less prevalent than 
the figures from previous real-world studies. In line with 
the previous RCTs and real-world studies, our findings also 
confirmed that the side effects were mainly gastrointestinal; 
19.2% of our patients group discontinued the roflumilast 
therapy due to AEs. 

Two recent meta-analysis yielded that the AE rates are 
approximately 10% higher in the roflumilast users compared 
to placebo (3,9). In the first RCT on roflumilast in 2005, the 
discontinuation rates in 500 and 250 μg roflumilast groups 
were 15.1% and 9.3%, respectively (10). In another RCT 
conducted by Calverley et al., the drug discontinuation 
rate was 13.5% in the 500 μg group (11). In two double-
blind, placebo-controlled, multicenter studies done in an 
outpatient setting, the discontinuation rate because of AEs 
was 16.5% and 8.9% (12). In other two placebo-controlled, 
double-blind, multicentre trials the discontinuation rates 
were 15.5% and 13.1% (13). In a recent multicentre 
RCT, discontinuation rate was found 11% (14). The 
main reasons for discontinuation of roflumilast in the 
RCTs were diarrhea, nausea and headache. In real-world 
studies, however, reported discontinuation rates were much 
higher (35.1% to 84%) than these RCTs (Table 3) (5-8). 
Discontinuation rate in our present study was between 
RCTs and real-world studies (19.3%). Nevertheless, it is a 

Table 1 Baseline clinical characteristics, exacerbations and 
hospitalizations before and after treatment with roflumilast

Variable Values

Age (years), mean ± SD 66.2±9.3

Male, n (%) 73 (88.0)

BMI (kg/m²), mean ± SD 25.6±5.1

FEV1 (%), mean ± SD 33.9±10.7

FEV1 (L), mean ± SD 0.96±0.31

FEV1/FVC (%), mean ± SD 56.4±13.7

Smoke load (packs/years), mean ± SD 44.5±31.8

Smoking status, n (%)

Current 14 (16.9) 

Former 61 (73.5) 

Duration of roflumilast use (month), mean ± SD 18.9 ±10.4

Exacerbation rates before to and after 
roflumilast (event/year), mean ± SD

2.7±1.68 vs. 
1.16±1.36*

Hospitalization rates due to respiratory causes 
before to and after roflumilast (event/year), 
mean ± SD

0.77±0.92 vs. 
0.32±0.73*

*, P<0.001.

Table 2 Frequency of adverse events related to roflumilast therapy

Adverse events N (%)

Any adverse effect 22 (26.5)

Weight loss 9 (10.8)

Loss of appetite 9 (10.8)

Nausea 7 (8.4)

Abdominal pain 6 (7.2)

Diarrhoea 3 (3.6)

Myalgia 2 (2.4)

Palpitation 1 (1.2)

Withdrawal due to adverse effect 16 (19.3)



1103

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(4):1100-1105jtd.amegroups.com

Journal of Thoracic Disease, Vol 11, No 4 April 2019

very well-known phenomenon that dose titration strategies 
significantly reduce the discontinuation rates, and many 
AEs due to roflumilast may resolve or diminish during the 
course of the treatment (10,15).

It is not clear which variables could predict roflumilast 
intolerance and lead to discontinuation of treatment in 
clinical practice. A recent Korean study showed that the 
patients with low BMI were more likely to undergo drug 
discontinuation (BMI <23 kg/m2; OR=2.960, P=0.004) (16). 
But it should be noted in the study that, mean baseline 
BMI of Korean patients was significantly lower than that of 
RCTs and other real-world studies. Racial differences may 
lead to some differences in efficacy and safety parameters 
in drug responses (1). Inconsistent with the other studies, a 
study conducted among Chinese patients with COPD could 
not find any significant difference in AE rates between 
roflumilast and placebo groups (17). The most frequent AEs 
were upper respiratory tract infection (roflumilast group, 
21.7% vs. placebo group, 11.7%, P=0.15) and diarrhea 
(roflumilast group, 13.3% vs. placebo group, 10.0%, 
P=0.57). A Korean study, on the other hand, showed 
higher percentage of AEs than placebo group (69.6% vs.  
45.7%) (18). Another Korean study showed higher 
discontinuation rate and AEs than in previous RCTs (16).  
Lee et al. showed that the safety and tolerability of 
roflumilast in Asian patients with COPD from different 
cultural and ethnic backgrounds in Hong Kong, Malaysia, 
the Philippines, Taiwan, and South Korea were similar to 
that in a Caucasian population (19). To date, safety and 
efficacy of roflumilast have not been evaluated in Turkish 
population with COPD in any clinical trial. Our study also 
yielded that the discontinuation rate, AE rates and main 
AEs in Turkish patients were similar to the previous studies 
confirming that there was not a significant racial difference 
regarding the roflumilast use. 

We also analyzed the effect of roflumilast on exacerbation 
and hospitalization rates due to COPD. Our findings were 
consistent with the previous studies that roflumilast reduced 
both COPD exacerbations and hospitalization rates. A 
meta-analysis including 23 trials with 19,948 participants 
showed that treatment with a PDE4 inhibitor was associated 
with a reduced likelihood of COPD exacerbation (OR 0.78, 
95% CI: 0.73 to 0.83) (3). In a recent meta-analysis, when 
compared to placebo treatment, roflumilast significantly 
reduced the likelihood of COPD exacerbation by reducing 
the rate of hospitalization or prolonging the interval of time 
to exacerbation (standardized difference in mean ± SD: 
0.099±0.020, 95% CI: 0.061 to 0.138; P<0.001) (4). 

The present study has several limitations. This is a 
retrospective observational study, and sample size is 
relatively small due to its being conducted in a single 
center. However, we believe that the factors like high 
quality patient records with minimal missing data and 
quite long-term follow-up period counterbalanced 
these limitations. In addition to this, since the study was 
conducted at a university hospital, this might have led to 
a selection bias. However, as another counter balancing 
factor, the health system in Turkey allows the patients to 
apply any hospital directly without any limitation, leading 
to the homogenization of the outpatients at the hospitals. 
Another limitation we should mention is that we did not 
search for the initiation or discontinuation of other COPD 
drugs actively during the study period. Potentially, such 
changes are expected to influence the outcomes. However, 
the roflumilast treatment was only recommended to be 
prescribed as an add-on therapy in severe COPD patients 
already on a triple regimen (ICS/LABA/LAMA). We do 
not think that this baseline triple regimen was lessened 
or discontinued at all during the study period. For the 
initiation of another drug for chronic use in COPD, our 

Table 3 Real-world studies about roflumilast treatment

Study Number Age, years BMI Follow-up AE (%) Discontinuation (%)

Worndl et al. 25 NA NA 3.5 months 72.0 84.0

Muñoz-Esquerre et al. 55 70.3 28.3 50.9% (1 year); 20% (<12 weeks); 
29% (12–52 weeks)

69.1 49.1

Gómez-Rodríguez et al. 109 70.4 27.8 NA 66.9 59.0

Kim et al. 154 70.3 21.8 NA 35.7 35.1

Cilli et al. 83 66.2 25.6 18.9 months 26.5 19.3

BMI, body mass index; AE, adverse effect; NA, not available. 
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health system only allows theophylline preparations for this 
purpose. However, the theophylline use has almost been 
abandoned in Turkey for the last 10 years because of its side 
effects, and moreover, its use is contraindicated in patients 
using roflumilast. Due to all these factors, we do not think 
that discontinuation or initiation of other COPD drugs, 
if any, has a significant impact on our results. We believe 
that the issues addressed in the present study needs to be 
clarified with further multicenter studies conducted in real-
world settings with larger patient populations.

Conclusions

This study examined the effectiveness and safety of 
roflumilast therapy over an 18-month period in patients 
with severe COPD who had frequent exacerbations. This 
therapy provided a clinical benefit in these patients, with a 
significant reduction in exacerbations and hospitalization 
rates due to COPD. AE rates, although comparable to 
the previous studies, are common, and they led to the 
discontinuation of roflumilast in one-fifth of the patients. 
We think that since the clinical benefit of roflumilast use 
is clear, except the cases with severe AEs, the best effort 
should be done to keep the patients on the therapy with 
roflumilast. 
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