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ABSTRACT Now that additional treatment options for severe chronic obstructive pulmonary disease
(COPD) have emerged in recent years, patients with severe COPD should not be left in the rather hopeless
situation of “there is nothing to improve” any more. Inertia or fatalism is a disservice to our patients.
Ranging from advanced care planning to quite intense and demanding therapies such as multidisciplinary
pulmonary rehabilitation, (endoscopic) lung volume reduction, chronic noninvasive ventilation and lung
transplantation, caregivers should try to provide a personalised treatment for every severe COPD patient.
In this review, we aim to describe the multidimensional approach to these patients at our centre along the
lines of treatable traits leading to specific additional treatment modalities on top of standard care.
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Severe COPD is not hopeless; in light of treatment options such as pulmonary rehabilitation,
bronchoscopic lung volume reduction, chronic noninvasive ventilation and lung transplantation,
every patient deserves a personalised assessment of treatable traits https:/bit.ly/2TO7jxB
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Introduction

Chronic obstructive pulmonary disease (COPD) is the fourth leading cause of death worldwide [1], and
the number of patients with severe end-stage COPD is still increasing. These patients often experience
disabling symptoms of dyspnoea, fatigue, bad sleep, morning headache and loss of energy levels, severely
impacting on their health-related quality of life (HRQoL). For a long period of time, there have been few
effective treatment options for the majority of these patients. However, during the last decade, multiple
treatment modalities have become more widely available. To identify the right patients for the right
therapy, we believe in the concept of identifying “treatable traits” for patients, i.e. therapeutic targets
identified by “phenotype” or “endotype” recognition [2, 4-]. An individual assessment of the patient helps
to identify a set of treatable problems specific to this patient, and subsequently a personal treatment plan
can be developed and implemented [5]. Since severe COPD is a complex and heterogeneous disease,
identifying treatable traits can lead to a more effective and personalised treatment.

We aim to describe and review recent developments in the treatment of severe stable COPD, on top of
standard therapy such as optimal pharmacological treatment (according to current Global Initiative for
Chronic Obstructive Lung Disease (GOLD) guidelines) [1], smoking cessation, influenza vaccination and
treatment of common comorbidities such as rhinitis. We will do so according to identification of treatable
traits (figure 1) leading to additional treatment modalities in very severe COPD. Illustrated by a case study,
we will incorporate these treatment options into a multidimensional approach. This is an approach that we
have developed and is used by our dedicated severe COPD team at the University Medical Center
Groningen. Written informed consent was obtained for the use of medical data for the case study, and all
data were treated with confidentiality according to Good Clinical Practice guidelines.

Case study
A 55-year-old woman, with COPD GOLD classification IV/D, osteoporosis and an anxiety disorder, was
referred to our outpatient clinic for assessment (table 1). She was very well motivated for additional
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FIGURE 1 Overview of treatable traits in advanced COPD with possible treatment options. AATD: o4 antitrypsin deficiency; LVRS: lung volume
reduction surgery; LTOT: long-term oxygen therapy; LTx: lung transplantation; NIV: noninvasive ventilation; ICS: inhaled corticosteroids.
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TABLE 1 Characteristics of the presented case

Case, woman, 55 years old

BMI kg-m—2 17
FEV,; L 0.42
FEV; % predicted 14

FVC L 1.97
FVC % predicted 53
FEV./FVC % 21

TLC % predicted 109

RV % predicted 211
RV/TLC % 72

Dy co % predicted 29

pH at room air 7.40
Paco, on room air kPa (mmHg) 7.2 (54)
Pao, on room air Pa (mmHg), 6.0 (45)
HCO3 on room air mmol:L~’ 34
6-MWD m 125

BMI: body mass index; FEV;: forced expiratory volume in 1s; FVC: forced vital capacity; TLC: total lung
capacity; RV: residual volume; Dico: diffusing capacity of the lung for carbon monoxide; Paco,: arterial
carbon dioxide tension; P,o,: arterial oxygen tension; HCO3: bicarbonate; 6MWD: 6-min walk distance.

treatment options improving her HRQoL. She was evaluated during a 1-day assessment consisting of a
doctor’s consultation, full lung function testing, high-resolution computed tomography (HRCT) scan,
arterial blood gas analysis at room air and a 6-minute walking test, and consultation with a respiratory
nurse and respiratory physiotherapist. The assessment revealed that she suffered from severe dyspnoea,
present in rest and increasing with exercise (modified Medical Research Council (mMRC) [6] score 3). She
complained of headaches and difficulty sleeping. Furthermore, she experienced exacerbation frequently
(one course of prednisone each month prescribed by the general practitioner). She had a history of 37
pack-years of smoking, but had quitted smoking 5 years ago. She was currently being treated with
formoterol 24 ug twice daily, beclomethasone small particles 200 pg twice daily and tiotropium 18 ug every
day, all of which she used correctly. She also used alprazolam for anxiety and promethazine to help her
sleep. Physical examination showed a cachectic woman in respiratory distress at minimal exercise. Her
lung function tests showed that she had a severe airflow obstruction and severe hyperinflation. Arterial
blood gas analysis showed a total respiratory failure. Her blood cl-a-antitrypsin level was 1.4 gL', She
was on long-term oxygen therapy (LTOT). She could walk only 125 m on the 6-minute walking test. The
HRCT scan revealed centrilobular emphysema in a heterogeneous distribution, with more extensive
destruction in both lower lobes. Both major fissures appeared to be complete; the minor fissure was
incomplete. Furthermore, the HRCT scan showed moderate central and peripheral bronchopathy with
mucus plugging (figure 2).

Pulmonary treatable traits in severe COPD

Treatable trait: frequent exacerbations

Exacerbations of COPD profoundly impact the patients’ health status, functional capacity and lung
function [7]. Especially severe exacerbations (exacerbations requiring hospitalisation) have a significant
clinical and socioeconomic impact. Furthermore, having an exacerbation is an important risk factor for
further exacerbations, and repeated exacerbations are associated with an increased mortality risk [8].
Therefore, it is important to prevent exacerbations by targeting modifiable risk factors (“treatable traits”)
for readmission, rather than treating exacerbations only when they occur.

Besides the well-known pharmacological options with long-acting bronchodilators in patients with severe
COPD, the following pharmacological treatment options are of interest. Firstly, in patients with frequent
exacerbations, increased blood eosinophilic level increases the likelihood of reducing exacerbation risk with
inhaled corticosteroids (ICS) [9, 12-], thus probably representing a modifiable risk factor and treatable
trait. It should be noted that the relationship between the eosinophil count and reduction in exacerbation
rate is a continuous one, and therefore there is no clear cut-off point for deciding whether or not the
patient could benefit from using ICS. Of note, there is no evidence that chronic use of oral corticosteroids
as maintenance therapy effectively prevents exacerbations [13, 14], while the side-effects of prolonged
prednisolone, such as steroid myopathy [15] and increased risk of pneumonia [16], are substantial.
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FIGURE 2 HRCT scan showing severe emphysema predominantly in the lower lobes and moderate central and peripheral bronchopathy with
mucus plugging. Both major fissures appear to be complete.

Secondly, Roflumilast (a phosphodiesterase-4 inhibitor acting as an anti-inflammatory drug) has been
shown to reduce the risk of severe exacerbations in patients with severe COPD and symptoms of chronic
bronchitis, who have repeated exacerbations and are already on maintenance therapy with ICS, long-acting
B-agonists and long-acting muscarinic antagonists [17, 18]. However, its use might be limited by its
frequent side-effects, limiting the effect on HRQoL or symptoms [19]. A more attractive alternative may be
the use of macrolides (with both anti-inflammatory and anti-bacterial action) used prophylactically to
reduce the rate of COPD exacerbations [20, 22-]. Disadvantages (antibiotic resistance, side-effects) should
be balanced against expected benefits, and further studies are required to determine the optimal treatment
regime and duration, particularly in patients with more severe COPD [23]. Furthermore, in most EU
countries, the prescription of macrolides maintenance therapy is off-label.

Importantly, several non-pharmacological treatment options might be useful in preventing exacerbations.
Pulmonary rehabilitation has been shown to reduce the number of exacerbations, healthcare utilisation
and healthcare costs [24]. However, the direct availability of pulmonary rehabilitation post hospitalisation
might be a problem because of limited resources. In patients with very severe COPD exacerbations,
requiring acute noninvasive ventilation (NIV) during their exacerbation, and persistent severe
post-exacerbation hypercapnia, continuing NIV nocturnally at home has been shown to increase the time
to the next exacerbation and reduce subsequent exacerbation rate [25]. Chronic home nasal high-flow
therapy (nHFT) is another promising option to reduce exacerbation rates in patients with frequent
exacerbations [26], but evidence is limited and further trials are needed. Two bronchoscopic treatments
have shown potential for exacerbation rate reduction in COPD. Targeted lung denervation (TLD) is an
experimental bronchoscopic treatment disrupting parasympathetic nerves in the airways. In a recent
phase II multicentre trial, the exacerbation rate during 3 to 6 months follow-up was 17.1% for the group
receiving TLD versus 36.6% in the group receiving sham treatment (p=0.08) [27]. The underlying
pathophysiological mechanism that leads to exacerbation reduction is not entirely clear but could be
analogous to long-acting muscarinic antagonists, since both treatments have an anticholinergic effect.
Currently, the effect of TLD on exacerbation frequency is being investigated further in a phase III
multicentre sham-controlled trial (Clinical trials ID: NCT03639051). In the multicentre LIBERATE trial,
patients with severe COPD and hyperinflation were randomised to receive either bronchoscopic lung
volume reduction treatment with endobronchial valves or standard care. During 12 months follow-up
there was a trend towards fewer exacerbations in the treatment group compared to the control group (23%
versus 30.6%, p=0.053) [28]. However, treatment with endobronchial valves is only suitable for carefully
selected patients with severe emphysema and hyperinflation. The above-mentioned non-pharmacological
treatment options will be discussed further in the following sections.

Treatable trait: hyperinflation

Lung volume reduction treatment has been shown to be a highly effective therapy for select patients with
advanced emphysema and severe hyperinflation. By reducing hyperinflation, the function of the
diaphragm and chest wall mechanics are improved, expiratory airflow increases and gas exchange can
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improve [29]. Historically, lung volume reduction was performed surgically, which is most beneficial in
patients with upper lobe-predominant emphysema. Surgery is effective in some patients and shows
improvement in lung function and quality of life [30]. However, the procedure is associated with risk of
post-operative mortality and adverse events such as prolonged air leak. Therefore, in recent years, less
invasive bronchoscopic lung volume reduction (BLVR) techniques have been developed and investigated
thoroughly, among others in our centre, to achieve lung volume reduction in patients with severe
emphysema and hyperinflation [31]. In general, patients with severe COPD and hyperinflation (residual
volume (RV) >175% predicted or RV/total lung capacity (TLC) >0.58) who are highly symptomatic
despite optimal treatment are good candidates for BLVR [32]. To evaluate the possible treatment options
in these patients, an HRCT scan should always be performed to assess the destruction of lung tissue,
heterogeneity of emphysema and the fissure completeness.

Currently, the most important bronchoscopic options are treatment with one-way valves or endobronchial
coils; both treatments are currently recommended in the COPD GOLD guidelines [1, 32]. Treatment with
endobronchial one-way valves has been proven to be effective in multiple randomised controlled studies,
with clinically meaningful benefits in lung function, dyspnoea, quality of life and exercise tolerance [33, 37-].
Valves are placed in all (sub)segments of a target lobe to create volume reduction of this lobe. However, the
treatment is only effective in patients with absence of interlobar collateral ventilation, otherwise no atelectasis
of the treated lobe can occur. The presence of collateral ventilation is predicted by calculating the fissure
completeness score on HRCT using quantitative computed tomography (CT)-analysis [38] and functionally
measured during bronchoscopy with the Chartis system® (PulmonX Inc., Redwood City, CA, USA) [39]. If a
patient is not eligible for treatment with endobronchial valves, for example due to lack of a good treatment
target lobe or incomplete fissures, treatment with endobronchial coils may be considered [31, 37, 40].
Endobronchial coil placement has been shown to elicit sustained improvements in a patient’s quality of life
and a decrease in residual volume. However, research is ongoing to predict the optimal responders; treatment
appears to be more successful in patients with an even higher baseline RV (>200% predicted), a higher
emphysema destruction score and absence of airway disease [32]. Another treatment option in patients who
are not eligible for valve treatment is bronchoscopic thermal vapour ablation. With this treatment, heated
water vapour is delivered to emphysematous areas to induce an inflammatory reaction, which leads to lung
volume reduction. This treatment has resulted in improvements in lung function and quality of life in
patients with upper lobe-predominant emphysema [41].

Treatable trait: chronic respiratory failure

Long-term oxygen therapy

Chronic hypoxaemic respiratory failure is an indication for LTOT. In the Netherlands, it is estimated that
at least 10000 patients receive LTOT each year (62/100000 inhabitants) and 2000 new patients are
prescribed LTOT annually. The evidence for LTOT in COPD stems from two landmark trials performed
over 40 years ago showing that LTOT prolonged life in patients with severe resting hypoxaemia versus
placebo in one trial [42], and if used continuously versus only nocturnally in the other trial [42]. However,
these trials were performed in very severe hypercapnic COPD patients who would probably be treated
today with chronic NIV. Since then, several trials have been performed to investigate whether
supplemental oxygen improves outcomes in patients with moderate hypoxaemia [43], exercise-induced
desaturations and post-exacerbation hypoxaemia, and in those receiving palliative care. There may be some
positive indications, for example for supplemental oxygen during exercise that improves exercise
endurance and maximal exercise capacity in COPD patients with exercise-induced hypoxaemia [44, 46-],
but there is no evidence that these strategies contribute to long-term clinically relevant benefits [47]. There
is some rationale that particularly nocturnal hypoxaemia contributes to the development of secondary
pulmonary hypertension and right heart failure, leading to a worse prognosis. The INOX trial aims to
answer the question whether nocturnal oxygen provided for a period of 3 years decreases mortality or
delays the prescription of LTOT in patients with COPD not qualifying for LTOT but who do have
significant nocturnal arterial oxygen desaturation [48]. In our team, we evaluate oxygen therapy according
to the British Thoracic Society (BTS) guidelines [49] (due to be reviewed in 2020) and additionally
prescribe it during pulmonary rehabilitation in patients with exercise-induced desaturations. Of note, the
way LTOT is prescribed, with a mobile device that allows patients to be ambulatory for a considerable
amount of time, is extremely important in keeping patients engaged in society with optimal HRQoL.

Chronic noninvasive mechanical ventilation

When patients develop type II chronic hypercapnic respiratory failure (arterial carbon dioxide tension
(Paco,)>6.0 kPa), long-term NIV should be offered [50]. Chronic NIV in COPD has long been the subject
of debate as the evidence was conflicting [51]. With the introduction of high-intensity NIV, which is defined
as specific ventilator settings aimed at achieving normocapnia or the lowest Paco, values possible [52],
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both physiological and clinical benefits of long-term NIV have been shown in patients with COPD
[25, 53, 59-]. Chronic home NIV has been shown to improve survival, HRQoL, exercise tolerance and
exacerbation frequency especially in patients with severe hypercapnia, both in a chronic stable state [56] and
with persistent severe hypercapnia after an exacerbation [25]. Moreover, combining nocturnal NIV with a
pulmonary rehabilitation programme augments the benefits of the rehabilitation, and is also the case in
patients with moderate hypercapnia [54, 55]. In our hospital, NIV is provided by our dedicated home
mechanical ventilation team, who carefully initiate, monitor and follow-up these patients, sometimes with
home visits. This dedicated approach, using an NIV setting with moderate to high pressures and a back-up
respiratory rate matching the patient’s respiratory rate during sleep and targeted at a substantial reduction of
CO,, has resulted in successful outcomes with excellent compliance rates [55, 60, 61]. However, despite this
approach, not all hypercapnic patients benefit from NIV. Future research should focus on factors that
predict benefit so that patients likely to gain most advantage can be selected and NIV settings optimally
individualised.

Nasal high-flow therapy

nHFT supplies heated, humidified and oxygen-enriched air at high flow rates through a nasal cannula.
Because the air is provided through an open system with a nasal cannula, it is relatively easy to apply and
suggested to be comfortable for patients. Currently, there is growing interest in home nHFT for the
treatment of chronic respiratory failure in patients with COPD [62, 63]. Although there are some
longer-term clinical studies investigating nHFT in severe COPD, the evidence is still limited, and nHFT is
not standard care in many countries [64]. In hypoxaemic COPD patients, there is evidence that nHFT
lowers the exacerbation rate and improves dyspnoea, HRQoL, Paco, and 6-minute walking distance,
although the study was performed in a poorly defined patient group and the exacerbations were patient
reported [26]. In hypercapnic COPD patients, there are some preliminary data that indicate that nHFT
might be beneficial [65, 66], but a recent randomised controlled trial (RCT) showed only non-inferiority
and no clear advantage of nHFT compared to NIV [67, 68]. As nHFT might also act positively on lung
airway clearance, it would be interesting to investigate the efficacy of nHFT in the treatment of COPD
exacerbations [69] and in promoting clinical stability and prevention of re-exacerbations over an extended
period of time. A key problem in the application and implementation of nHFT is that the mechanisms
underlying the technique are diverse, and its effect on patients in real-life situations is not clear.
Furthermore, the appropriate way to apply (how many hours, day or night use?) nHFT is unknown,
demonstrating the necessity of new studies. In our centre, we currently provide long-term home nHFT in
clinical trials only (ClinicalTrials.gov NCT03564236).

Treatable trait: o7 antitrypsin deficiency

o, antitrypsin deficiency (AATD) is a genetic disorder caused by a great variety of mutations in the
SERPINA-1 gene. If both alleles of the gene are mutated, this can lead to AATD, with Type ZZ being the
most common genotype in severe AATD [70].

The current GOLD guidelines advise screening of every COPD patient for AATD (especially in regions
with a high prevalence), and not only the typical patient who is diagnosed with COPD at an early age and
has lower lobe-predominant emphysema [1]. However, in clinical practice it appears that only a minority
of patients with COPD are tested for AATD [71]. The first diagnostic test to diagnose AATD is usually
measurement of o, antitrypsin levels in blood. An o antitrypsin level lower than 1.1 gL ™" is suggested as
the threshold for further testing, which consists of either protein phenotyping or genotyping [72]. Notably,
forced expiratory volume in 1s (FEV;) and diffusing capacity can behave differently in AATD, and a
decline in either one can be the first indication of rapid progression of the disease. Therefore, annual
follow-up of both spirometry and gas transfer is important to monitor the disease [72]. AATD can also
have extrapulmonary manifestations, most importantly liver disease, for which additional testing should be
considered [73]. Furthermore, family members can be affected, and screening for AATD should be offered
to them [1].

Since AATD is rare, patients should be referred to an expert centre for management [1]. Studies
investigating AAT replacement therapy have demonstrated some effect in reducing the rate of decline in
FEV, in observational studies (9 to 22 mL lower reduction in FEV; per year compared to controls) and
progression of emphysema measured by CT densitometry in RCTs [72]. It is important to note that
replacement therapy is a high-cost treatment, and availability may vary among different countries.

Treatable trait: pulmonary hypertension

Development of pulmonary hypertension (PH) in COPD is common and has a negative impact on
exercise capacity, prognosis and survival [74]. The majority of COPD patients develop PH with a mean
pulmonary artery pressure of between 20 and 35 mmHg [75]; only 3-4% of patients have a mean
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pulmonary artery pressure >35 mmHg [75, 76]. It has been suggested that there is a pulmonary vascular
phenotype of COPD patients. These patients have less severe airflow limitation, more severe hypoxaemia,
very low diffusing capacity and cardiovascular exercise limitation [77, 78]. It is recommended that COPD
patients should be evaluated for PH when it has an impact on patient management, i.e. referral for lung
transplantation, treatment of left heart failure or inclusion in clinical trials [79].

Although chronic hypoxaemia is an important contributor to PH in COPD, other factors may play a role
and need to be elucidated. For example, it has been shown that vascular lesions associated with idiopathic
pulmonary arterial hypertension may also be present in patients with COPD and PH [80]. Unfortunately,
since it is unclear what factors contribute to the vasculopathy in COPD patients with PH, identifying
treatments to reverse PH in COPD remains challenging and merits further investigation.

The only recommended therapy to influence PH in COPD is long-term oxygen therapy [81]. Oxygen
therapy used >15h per day obviated an increase in pulmonary artery pressure, whereas oxygen therapy
used >18 h per day reduced mean pulmonary artery pressure [82, 83]. In COPD patients with PH, there is
no firm evidence that improvement of pulmonary hemodynamics with vasodilator therapy results in
significant improvement of symptoms and exercise tolerance [84, 87-]. Treatment with calcium channel
blockers is not advised, because of the potential deterioration of gas exchange [85, 88]. For endothelin
receptor antagonists and phosphodiesterase inhibitors there are only a few and rather small randomised
trials. Meta-analyses have shown a beneficial effect on pulmonary haemodynamics [89, 90], but there are
conflicting data on the effect on exercise tolerance and disappointing results on symptoms and quality of
life [89, 90]. It is important to identify additional comorbidities leading to PH such as left heart failure,
chronic thromboembolic disease and obesity/obstructive sleep apnoea. It is currently unknown whether
chronic NIV reduces pulmonary artery pressures in COPD. NIV has been shown to reduce pulmonary
artery pressure [91, 92], but only in a group of obesity hypoventilation patients. Furthermore, there is
some evidence that lung volume reduction treatment might reverse PH, but the current evidence is weak
and only from very small studies [93].

Treatable traits: extrapulmonary (co)morbidities

Exercise intolerance/deconditioning/under- or overweight/treatable behaviour

It is commonly recognised that COPD does not only concern the respiratory system. Comorbid conditions
often contribute to the phenotype and should therefore be targeted by appropriate therapies. Pulmonary
rehabilitation, described as “a comprehensive intervention based on a thorough patient assessment
followed by patient tailored therapies that include, but are not limited to, exercise training, education, and
behavior change, designed to improve the physical and psychological condition of people with chronic
respiratory disease and to promote the long-term adherence to health-enhancing behaviors” [94], has
clearly been shown to increase exercise performance, reduce breathlessness and improve quality of life
compared to usual care in patients with COPD [24].

In the Netherlands, different levels of reactivation and rehabilitation programmes are available for COPD
patients. Depending on the GOLD stage, patients can receive supervised exercise training in primary care
if the patient’s main goal is to improve physical performance. Multidisciplinary outpatient rehabilitation
programmes are offered and organised in hospitals and nursing homes. For the more complex patients
interdisciplinary in- and outpatient rehabilitation programmes are available in specialised rehabilitation
centres and paid for by all insurers. Referral for pulmonary rehabilitation is indicated for patients who
experience problems in multiple domains despite optimal standard treatment.

In order to receive a personalised rehabilitation programme, a thorough assessment focusing on the
physical, psychological and nutritional status of the patient has to be performed before the start of the
rehabilitation programme [95]. In our rehabilitation centre, indications for other COPD-related treatments
like NIV and BLVR are all addressed during the assessment.

Several aspects are of importance in the rehabilitation of very severe COPD patients. To increase exercise
tolerance in these patients, strength training instead of endurance training is preferable [96]. Strength
training has been shown to be equally effective as endurance training but is better tolerated due to a lower
ventilatory demand. A more recent therapy is neuromuscular electrostimulation, which gives muscle
contractions of the quadriceps or gastrocnemius without increase of ventilation. This therapy has been
shown to improve muscle strength and endurance capacity [97]. The role of the addition of inspiratory
muscle training (IMT) is controversial [94]; more recent studies failed to demonstrate an additional benefit
on exercise tolerance, quality of life or dyspnoea [98, 99], and IMT training is quite burdensome for severe
COPD patients. Therefore, we do not use this as regular care in our rehabilitation programme for severe
COPD. Ventilatory assistance during exercise (with NIV or nHFT) has been shown to improve exercise
capacity and endurance [100, 106-]. However, assisted exercise training is quite cumbersome, and as
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studies have not shown long-term clinically worthwhile benefits on eventual unassisted exercise capacity
and patient-related outcome measures, these assistance modes of training are not widely used.
Malnourishment and cachexia are seen mainly in (very) severe COPD and are important risk factors for
mortality [107]. Treatment requires an interdisciplinary approach, since it is a problem that overlaps
domains. Next to the dietary intervention, a physician is needed to diagnose and treat related
comorbidities and prescribe anabolic steroids in selected patients [108]. A physiotherapist is needed to
appoint a training modality that does not lead to further muscle loss, and a psychologist may be needed to
diagnose relevant barriers and beliefs.

Surprisingly, a systematic review investigating effects of a wide range of add-on interventions to exercise
training showed that there was rarely an additional effect on exercise capacity in COPD. However, as
suggested by the authors, this may very well be the result of a “one size fits all” approach when selecting
patients for participation in trials and probably underscores the importance of selecting suitable add-on
therapies on the basis of treatable traits [109].

Sleep disordered breathing

The prevalence of sleep apnoea syndromes in COPD equals that of the population, although reported
prevalence varies widely also according to disease stage [61, 110, 111]. Nevertheless, obstructive sleep
apnoea in COPD can be considered an important treatable trait, as treatment with continuous positive
airway pressure has been shown to improve survival in patients with severe hypoxaemic COPD [112]. As
symptoms of excessive daytime sleepiness can be confounded by COPD symptoms [113, 114], we
recommend performing a sleep study in the evaluation of a severe COPD patient, irrespective of
symptoms of daytime sleepiness.

Once patients have concomitant cardiovascular comorbidities, central sleep apnoea (CSA) can often be
identified, but treatment of CSA is in general more difficult. Importantly, COPD patients might develop
nocturnal rapid eye movement (REM)-related hypoventilation caused by diaphragm malfunctioning due to
its disadvantageous position. This might be confused for central hypopneas. However,
pathophysiologically, the cause and thus treatment is completely different: when non-hypercapnic CSA
due to heart failure co-exists, the treatment should focus on stabilisation of periodic breathing;
REM-related hypoventilation due to diaphragm malfunctioning is best treated with ventilatory support. It
has, however, never been shown that initiating NIV for isolated nocturnal hypoventilation is worthwhile
[115]. Therefore, it is recommended to start NIV in COPD once daytime hypercapnia develops [50].

Optimal treatment of treatable traits: what if it is not enough?

Unfortunately, despite optimal treatment of treatable traits, some patients are still severely impaired. For a
highly selected group of these patients, lung transplantation may be an option. Furthermore, every patient
with advanced COPD could potentially benefit from a multimodality treatment for refractory dyspnoea
and advance care planning (ACP).

Lung transplantation for COPD

In our centre, approximately 40% of the lung transplantations performed are for COPD. We would like to
stress that a multidisciplinary approach in severe COPD is important to optimally time placement of
patients on the waiting list for lung transplantation. In order to stratify who is in the window for lung
transplantation, looking for treatable traits to optimise the clinical condition, prognosis and quality of life
is a prerequisite in this group of patients for several reasons. Successful reduction of exacerbation
frequency, pulmonary rehabilitation, NIV, lung volume reduction treatment or a combination of these
might withhold a COPD patient to be referred for a lung transplantation. On the other hand, if there are
no treatable traits or the interventions are ineffective, a patient should be evaluated and listed in an earlier
phase. In other words, assessment and treatment of treatable traits should be seen in the light of the
urgency and likelihood of lung transplantation in COPD. Although the majority of lung transplants
annually are still for COPD, the introduction of the Lung Allocation Score (LAS) [116] in the USA and
Europe resulted in an increased time for COPD patients (with mostly a low LAS score) on the waiting
list [117]. This is mainly due to the limited ability to predict length of survival when patients are screened.
In COPD patients, evaluating treatable traits might result in better timing of listing for lung
transplantation. Clinical deterioration under optimal treatment of traits might emphasise the need for a
lung transplantation, mirrored by a higher LAS and a shorter waiting time. Future studies are needed to
support this.

The majority of patients who undergo lung transplantation have a good 1-year and long-term survival
after lung transplantation [118]. Successful recovery post lung transplantation may be attributed to the
potential of pulmonary rehabilitation, but randomised trials are lacking to support this [119]. In our
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rehabilitation centre, there is currently a trial investigating the effect of rehabilitation post transplantation.
Despite good overall survival, the necessity of immunosuppressive drugs after lung transplantation results
in comorbidities like chronic kidney failure, hypertension, diabetes, hyperlipidaemia, increased risk of
infection and malignancies [118].

Refractory breathlessness

In advanced COPD, breathlessness is common despite optimal standard treatment and even with the
advanced treatment options proposed above [120]. Amongst other things, breathlessness can lead to a
reduced HRQoL, anxiety and social limitations [121]. Therefore, we should always consider additional
non-pharmacological and pharmacological options to relieve refractory dyspnoea. Since breathlessness is a
complex symptom, a combination of interventions is often needed to achieve an optimal result.

A relatively recent development is the so-called “Breathlessness service”. This intervention addresses multiple
domains: “breathing” (i.e. dysfunctional breathing), “thinking” (i.e. misconceptions, anxiety) and “functioning”
(i.e. reduction in physical activity, self-isolation) [122]. Breathlessness services take place in the outpatient
ward or at home and are usually carried out by specialist nurses or physiotherapists for a duration of
2-12 weeks. RCTs investigating these breathlessness services have shown a reduction in dyspnoea sensation
and an increased sense of mastery (measured by the Chronic Respiratory Questionnaire) [122]. An easy to use
help might be a hand-held fan; there is some evidence that this provides benefit in the treatment of
breathlessness [123]. A systematic review showed a positive effect of low-dose opioids on breathlessness in
COPD, with moderate-quality evidence for the use of systemic opioids and low-quality evidence for the use of
nebulised opioids [124]. However, physicians may still be hesitant to prescribe opioids [125]. Benzodiazepines
and antidepressants have not been shown to have a positive effect on breathlessness [126] but may be
indicated in case of depression or anxiety.

Advance care planning

ACP is an intervention to enable patients to define goals and preferences for future medical treatment and
care, and to discuss, record and review these preferences if appropriate [127]. There are indications that
ACP can increase quality of life, improve communication between patient and healthcare giver and
improve the likelihood of care being delivered in accordance with the patient’s preference [128].

Despite the fact that advanced COPD is associated with a high mortality rate, a high burden of physical
and psychological symptoms and reduced HRQoL, only a minority of patients receive any form of ACP
[129, 130]. Numerous barriers to start ACP have been identified. Barriers can be patient related (e.g
unpredictable disease course), healthcare professional related (e.g. fear of taking away patients’ hope) or
system related (e.g. perceived time constraints) [131]. Important topics to address in COPD are the
unpredictable disease trajectory, prognosis, fear of breathlessness and suffocating, palliative treatment of
symptoms, concerns about dying and preference of site for terminal care [132].

Although even a single conversation can lead to improved end-of-life care communication [133], ideally,
ACP is an ongoing conversation between patient and healthcare giver. Furthermore, ACP is a process that
should be directed by the patient but needs collaboration of pulmonologists, respiratory nurses, general
practitioners and home care teams.

Since care systems vary widely among countries, there may not be one ideal way to organise ACP for
COPD patients. Although we recognise that ACP should be discussed preferably at the outpatient clinic, in
our current practice, ACP conversations are mostly initiated during or after hospital admissions for severe
COPD. Nevertheless, there is a positive development where ACP is integrated in the pulmonary
rehabilitation programme and, for example, in the long-term care provided by the home mechanical
ventilation centre when patients are initiated on NIV. In the coming years, these initiatives need to be
further extended.

Summary: the multidimensional treatment approach

Now that additional treatment options for severe COPD have emerged in recent years, patients with severe
COPD should not be left in the rather hopeless situation of “there is nothing to improve” anymore. Inertia
or fatalism is a disservice to our patients. Ranging from ACP to quite intense and demanding therapies
such as NIV and lung transplantation, caregivers should try to provide a personalised treatment for every
severe COPD patient. In our centre, we aim to use a multidimensional approach for the patients, since one
or more treatment options are always available (table 2). Furthermore, treatment options should be
discussed with the patient and re-evaluated and reconsidered over time. Evaluation is key to assessing
whether the current situation is acceptable for the patient, or whether there is an indication for follow-up
therapy [1].
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Treatable trait Treatment Suitable patients Effect Quality of
evidence [135]
Frequent Inhaled corticosteroids Patients with >2 exacerbations/year (and blood + High
exacerbations eosinophilia)
Oral corticosteroids Patients with frequent exacerbations - Very low
Roflumilast Patients with >2 exacerbations/year, chronic bronchitis,  + (but side-effects)
FEV; <50% predicted
Moderate
Macrolides Patients with >2 exacerbations/year + High
Pulmonary All patients + High
rehabilitation
Noninvasive ventilation Patients with a persistent severe hypercapnia + Moderate
(Paco,>7.2 kPa) 2-4 weeks after an exacerbation
Nasal high-flow To be determined + Low
therapy
Targeted lung To be determined + Low
denervation®
Hyperinflation Endobronchial valves Severe hyperinflation (RV >175% predicted or RV/TLC + High
>0.58)
Absence of collateral ventilation / complete fissures
No frequent exacerbations
Endobronchial Severe hyperinflation (RV >200% predicted or RV/TLC + High
coils >0.58)
No frequent exacerbations
No significant bronchopathy
Lung volume reduction Heterogeneous upper lobe-predominant emphysema + High
surgery
Bronchoscopic thermal Heterogeneous upper lobe-predominant emphysema + Moderate
vapour ablation
Chronic respiratory Long-term oxygen Daytime Paq, <7.2 kPa (or P,0,<8.0 kPa with signs of + Moderate
failure therapy right heart failure)
Chronic noninvasive Daytime P,co,>6 kPa and complaints of hypoventilation ~ + Moderate
ventilation
Nasal high-flow Unknown + Low
therapy
a4 antitrypsin Replacement therapy Stopped smoking ZZ, Z/null, Null/null genotype + Moderate
deficiency
Pulmonary Long-term oxygen Daytime P,q,<7.2 kPa (or P,0,<8.0 kPa with signs of right + Moderate
hypertension therapy heart failure)
PAH med Unknown - Low
Chronic noninvasive Chronic respiratory failure + Low
ventilation
Bronchoscopic lung Patients with severe hyperinflation + Low
volume reduction
Extrapulmonary Pulmonary All patients with persistent respiratory symptoms, + High
treatable traits rehabilitation exercise intolerance, low muscle strength and/or
psychological symptoms
Nutritional support BMI<21 + High
BMI>27 Low
Treatment of Patients with sleep apnoea diagnosed with poly(somno]  + Moderate
concomitant sleep graphy. Be careful not to misdiagnose REM-related
apnoea hypoventilation due to COPD
Severe disability Breathlessness service Patients with refractory breathlessness + Low
despite treatment Low-dose opioids + Low
Hand-held fan + Low
Advance care planning  All patients! + Low
Lung transplantation Patients with limited comorbidities and an expected + Moderate (large
survival <2 years effect, no
RCTs])

FEV;: forced expiratory volume in 1's; Paco,: arterial carbon dioxide tension; RV: residual volume; TLC: total lung capacity; P,o,: arterial oxygen
tension; PAH: pulmonary arterial hypertension; BMI: body mass index; REM: rapid eye movements; RCTs: randomised controlled trials. #. Only
in research setting; the level of the evidence was assessed with the GRADE system [135].
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Back to the case study

Our patient had a COPD GOLD IV/D with severe hyperinflation, total respiratory insufficiency, frequent
exacerbations, poor exercise tolerance, severe cachexia and an anxiety disorder. Available treatment options
for our patient were discussed in our multidimensional respiratory failure meeting. It was clear that she
needed a multidimensional approach to achieve her goal (improving HRQoL).

Because of her frequent exacerbations, the addition of azithromycin maintenance therapy was suggested.
Furthermore, reducing benzodiazepines was discussed, but the patient had serious doubts about this
because of anxiety and psychiatric decompensating in the past. Because of her severe hyperinflation, BLVR
was discussed. However, the high exacerbation rate combined with bronchopathy on the HRCT scan made
the patient ineligible for this kind of treatment at this time point. Because of the hypercapnia and
complaints of morning headaches and bad sleep, the patient was thought to be a good candidate for
long-term NIV, although her anxiety could be a limiting factor. Lung transplantation was discussed, and
although she was not formally rejected, perioperative risks were estimated to be high because of her low
body mass index. We discussed with the patient that combining NIV in a multidisciplinary rehabilitation
programme, focusing on improving exercise tolerance, reducing anxiety, improving breathing techniques
and gaining muscle mass, would be most suitable at this time. She was initiated on NIV prior to the
pulmonary rehabilitation in our rehab centre, which she tolerated well, although she needed time and
support to get used to the ventilator. Eventually, she finished this trajectory with good result.

After 2 years of home NIV, with good compliance and a reduction in exacerbation frequency, she was
again discussed in our multidisciplinary meeting. Her main complaint was severe dyspnoea on minimal
exertion. An HRCT scan now showed that her bronchopathy was only minimal, and her exacerbation
frequency had decreased to just once a year with azithromycin maintenance therapy. Her FEV, was stable
and the RV/TLC ratio was now 73%. She still tried to go to her physiotherapist for training two times a
week. We decided to evaluate her again for BLVR, and she was referred for lung transplantation.
Quantitative CT-analysis was performed, which revealed a destruction score of 35% at —950 HU of the left
lower lobe, compared to 28% of the right lower lobe, and both the right and left major fissure were 100%
complete. Therefore, she was scheduled for a bronchoscopy with placement of endobronchial valves of the
right lower lobe after Chartis assessment, which revealed no collateral ventilation. She obtained good and
persistent results from the bronchoscopic treatment, and at 65 years of age, she finally decided to renounce
lung transplantation.
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