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B.1. Decision problem, description of the technology and

clinical care pathway

Disease overview and burden

e COPD is among the top five leading causes of death in England and mortality rates for
respiratory diseases in the UK are amongst the highest in Europe.

e Prevalence of COPD in people aged 240 years in England is estimated at 4.9%. The number
of patients with diagnosed COPD in 2022/23 was 1,151,474.

o Of these, 13,826 patients are estimated to have Type 2 inflammation and experiencing
exacerbations whilst on triple therapy.

e COPD is a complex and heterogeneous respiratory disease characterised by a combination of
injury to and remodelling of the airways, lung parenchyma and lung vasculature.

e The subgroup of patients with Type 2 inflammation (as measured by blood eosinophil
[EOS] counts =300 cells/uL) are associated with more severe disease, e.g., more frequent
exacerbations and hospital readmissions.

o Patients with COPD experience progressive airflow limitation, leading to increased dyspnoea
(breathlessness), disability and premature death.

o Exacerbations - episodic flare-ups of respiratory symptoms - are considered sentinel events
that drive further disease progression, and:

e individually carry a significant risk of mortality,
e cause further irreversible lung damage and airflow limitation,

e are associated with an increased risk of subsequent exacerbations, cardiovascular (CV)
events, and a higher symptom burden.

e COPD detrimentally affects patients’ daily activities and mental health, leading to decreased
productivity.

e The treatment of COPD carries substantial healthcare resource use (HCRU) in the UK,
incurring an estimated annual £3.9 billion total direct costs in 2023, including:

e £1.4 billion exacerbation costs
e £0.7 billion treatment costs
Clinical pathway of care
e Patient care for COPD spans the range of community, primary, secondary and acute settings.

e Established guidelines for the treatment of COPD include smoking cessation, vaccination,
pulmonary rehabilitation and inhaler therapies.

Unmet need

e Type 2 inflammation in COPD is associated with a higher risk of exacerbations and lung
function decline.

e Alarge proportion of COPD patients continue to exacerbate and experience debilitating
symptoms and poor quality of life despite maximal inhaled triple therapy. Such patients have
limited further treatment options, and are at high risk of progression and death.
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e There is an unmet need for a targeted, effective and well-tolerated treatment that can provide
significant clinical improvements in exacerbations, lung function, HRQoL and symptoms in
patients with uncontrolled COPD despite triple therapy, particularly those with Type 2
inflammation who experience a higher burden and worse prognosis.

Proposed population for dupilumab treatment
It is anticipated that dupilumab would be used according to its licensed indication; as add-on

maintenance treatment for uncontrolled COPD characterised by raised blood EOS, on an
inhaler combination of ICS, LABA and LAMA.

The definition of the population is therefore COPD with:
» 22 moderate or 21 severe historical exacerbations within 12 months (uncontrolled)
» 2300 cells/pL blood EOS count (Type 2 inflammation)

+ Treatment with a combination of ICS, LABA and LAMA (triple therapy), or LABA and LAMA
(if ICS not appropriate)

B.1.1. Decision problem

This single technology appraisal evaluates the clinical- and cost-effectiveness of dupilumab as a
treatment option for chronic obstructive pulmonary disease (COPD). In the UK, dupilumab (Dupixent®)
is indicated “in adults as add-on maintenance treatment for uncontrolled COPD characterised by
raised blood eosinophils (EOS) on a combination of an inhaled corticosteroid (ICS), a long-acting
beta2- agonist (LABA), and a long-acting muscarinic antagonist (LAMA)i, or on a combination of a
LABA and a LAMAIi if ICS is not appropriate”.(1, 2)

The final scope for dupilumab in COPD was issued by the National Institute for Health and Care
Excellence (NICE) in August 2024.The key evidence in this submission is based on the results of
BOREAS and NOTUS, two replicate phase Ill randomised controlled trials (RCTs) that evaluated the
efficacy and safety of dupilumab + background therapy versus background therapy alone in adults
with COPD and Type 2 inflammation (blood EOS =300 cells/uL) who were uncontrolled (=2 moderate
or 21 severe historical exacerbations within 12 months) on triple therapy or double therapy if ICS is
not appropriate (Section B.2). The decision problem addressed in this submission is summarised in
Table 1.

' The combination of an ICS, a LABA and a LAMA is typically referred to as ‘triple therapy’

" The combination of a LABA and a LAMA is typically referred to as ‘double therapy’
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Table 1. The decision problem

Final scope issued by NICE

Decision problem addressed in the
company submission

Rationale if different from the final NICE
scope

Population

Adults with moderate to severe COPD and raised

EOS who have uncontrolled disease on triple inhaled

therapy or double therapy where ICS is not
appropriate

Adults with uncontrolled COPD (22
moderate or 21 severe historical
exacerbations within 12 months) with
raised blood eosinophils (EOS 2300
cells/uL), on triple therapy (LABA +
LAMA + ICS) or double therapy (LABA +
LAMA) if ICS is not appropriate.

The scope wording anticipated the label, which
became available after the final scope was
issued and does not include the term ‘moderate
to severe’ or provide definitions for ‘uncontrolled’
or ‘raised EOS’.

We have clarified these terms with a definition of
‘uncontrolled’ aligned to the pivotal trial inclusion
criteria for prior exacerbations. (22 moderate or
=1 severe historical exacerbations within 12
months). This is also in line with GOLD group E
criteria. In addition, ‘raised EOS’ from the scope
is defined as =300 blood eosinophils/pL.

Therefore, the population is in line with the
intention of the final scope to reflect the full
licence.(1, 2)

Intervention

Dupilumab as an add-on to triple inhaled therapy or

double therapy where ICS is not appropriate

Per NICE scope

NA

Comparator(s)

e Standard care without dupilumab (triple

inhaled therapy or double therapy where ICS

is not appropriate)

e Roflumilast in combination with a long-acting
muscarinic antagonist, a long-acting beta-2

agonist and an inhaled corticosteroid (for

people who had 2 or more exacerbations in
the previous 12 months despite triple inhaled

therapy)
o Azithromycin

e Standard care without
dupilumab (triple inhaled
therapy or double therapy
where ICS is not appropriate)

e Roflumilast in combination with
a long-acting muscarinic
antagonist, a long-acting beta-2
agonist and an inhaled
corticosteroid (for people who
had 2 or more exacerbations in
the previous 12 months despite
triple inhaled therapy)

Azithromycin is not considered as a
comparator in the submission.

As detailed in Section B.1.3.2.3 and B.3.2.4.3,
azithromycin is not considered as a comparator
in the submission because it:

e Lacks clinical evidence supporting use
in the dupilumab-eligible population.(3-
5)

e Is not approved for the treatment of
COPD in England.(6) Off-label use is
recommended by NICE; however, use
is limited to non-smokers who continue
to have 24 exacerbations per year,
which differs from the dupilumab-
eligible population.(7)

e Has a high risk of severe AEs,
including CV events, imposes
additional testing and ongoing
monitoring and has a high potential for
the development of antibiotic
resistance, limiting its use in clinical
practice.(3, 4, 7-12)
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Final scope issued by NICE Decision problem addressed in the Rationale if different from the final NICE
company submission scope

e Is being reviewed by the EMA with the
aim of restricting its use due to
concerns over antibiotic resistance,
which is also a key concern of the UK
government and NHS England.(13, 14)

Outcomes The outcome measures to be considered include: Per NICE scope NA

e Lung function

e Incidence and severity of acute
exacerbations

e  Symptom control

e  Mortality

e AEs of treatment

e HRQoL

Economic analysis | The reference case stipulates that the cost- Per NICE scope NA
effectiveness of treatments should be expressed in
terms of incremental cost per QALY.

The reference case stipulates that the time horizon for
estimating clinical and cost-effectiveness should be
sufficiently long to reflect any differences in costs or
outcomes between the technologies being compared.

Costs will be considered from an NHS and PSS
perspective.

The availability of any commercial arrangements for
the intervention, comparator and subsequent
treatment technologies will be taken into account

Subgroups to be If the evidence allows, the following subgroups of Per NICE scope NA
considered people will be considered:

e High EOS (=500 cells/uL)
e High FeNO (=20 ppb)

Special NA NA NA
considerations
including issues
related to equity or
equality

AE = adverse event; COPD = chronic obstructive pulmonary disease; EOS = eosinophils; FeNO = fractional exhaled nitric oxide; HRQoL = health-related quality of life; ICS =
inhaled corticosteroids; NA = not applicable; NHS = National Health Service; NICE = National Institute for Health and Care Excellence; ppb = parts per billion; PSS = Personal
Social Services; QALY = quality-adjusted life year
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B.1.2.

Description of the technology being evaluated

A description of dupilumab, the technology being appraised, is presented in Table 2. The summary of

product characteristics and UK public assessment report for dupilumab in COPD can be found in

Appendix C.

Table 2. Technology being evaluated

UK approved name and
brand name

Dupilumab (Dupixent®)

Mechanism of action

Dupilumab is a recombinant human IgG4 monoclonal antibody that inhibits IL-4
and IL-13 signalling.(1, 2) Dupilumab inhibits IL-4 signalling via the Type |
receptor, and both IL-4 and IL-13 signalling through the Type Il receptor.(1, 2) IL-4
and IL-13 are major drivers of human Type 2 inflammatory disease, such as AD,
asthma, CRSwWNP, PN, EoE and COPD.(1, 2) Blocking the IL-4/IL-13 pathway
with dupilumab in patients decreases many of the mediators of Type 2
inflammation.(1, 2)

Marketing
authorisation/CE mark
status

EMA marketing authorisation approval for dupilumab in adults with COPD was
received on 28 June 2024.

UK marketing approval was granted by the MHRA on 9 September 2024 following
a submission through the European Commission Decision Reliance Procedure.

Indications and any
restriction(s) as
described in the
summary of product
characteristics (SmPC)

Dupilumab is indicated in adults as add-on maintenance treatment for
uncontrolled COPD characterised by raised blood EOS on a combination of an
ICS, a LABA and a LAMA, or on a combination of a LABA and a LAMA if ICS is
not appropriate.(1, 2)

Method of
administration and
dosage

The recommended dose of dupilumab for adult patients is 300 mg given every
other week.(1, 2) Dupilumab is self-administered by SC injection into the thigh or
abdomen, except for 5 cm around the navel, using a single-use pre-filled syringe
or pen.(1, 2) If the injection is being administered by somebody else, the upper
arm can also be used.(1, 2)

Additional tests or
investigations

No additional tests or monitoring beyond those already recommended for patients
with COPD are required.

List price and average
cost of a course of
treatment

£1,264.89 per pack of two pre-filled pens or pre-filled syringes
£16,500 PPPY

Patient access scheme
(if applicable)

The current PAS is a simple discount of .% representing E- per pack or
fHlrrrY.

In addition to the simple discount patient access scheme, dupilumab is eligible for
VPAG payments. This represents an additional 15.3% (DHSC's estimate as of
December 2023) rebate on net sales of the product in 2025.

AD = atopic dermatitis; COPD = chronic obstructive pulmonary disease; CRSWNP = chronic rhinosinusitis with
nasal polyps; DHSC = Department of Health and Social Care; EMA = European Medicines Agency; EoE =
eosinophilic esophagitis; EOS = eosinophils; ICS = inhaled corticosteroids; IgG = immunoglobulin G; IL =
interleukin; LABA = long-acting beta2-agonist; LAMA = long-acting muscarinic antagonist; MHRA = Medicines

and Healthcare products Regulatory Agency; PAS = patient access scheme; PN = prurigo nodularis; PPPY= per
patient per year; SC = subcutaneous; UK = United Kingdom; VPAG = voluntary scheme for branded medicines
pricing, access and growth
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B.1.3. Health condition and position of the technology in the

treatment pathway

B.1.3.1. Disease overview

B.1.3.1.1. Introduction to COPD

COPD is among the top five leading causes of death in England,(15, 16) and mortality rates for
respiratory diseases in the UK are amongst the highest in Europe.(17) The prevalence of COPD has
been rising in the UK and is projected to further increase in the coming decades due to continuing

exposure to risk factors and an ageing population (Section B.1.3.1.2).(3, 18, 19) COPD thus

represents an important public health challenge in England, which is reflected in numerous UK

government and NHS England policy documents.(20-23)

COPD is a complex and heterogeneous respiratory disease characterised by a combination of injury
to and remodelling of the airways, lung parenchyma and lung vasculature.(3, 24) This results in
progressive airflow limitation, leading to increased dyspnoea (breathlessness), disability and

premature death (Section B.1.3.1.3).(24) Common symptoms of COPD include dyspnoea, chronic

cough, sputum production, wheezing, chest tightness, exercise intolerance and episodic flare-ups of
respiratory symptoms, known as exacerbations.(3) COPD exacerbations are considered sentinel
events that drive further disease progression, individually carry a significant risk of mortality, cause
further irreversible lung damage and airflow limitation, and are associated with an increased risk of

subsequent exacerbations, cardiovascular (CV) events, as well as higher symptom burden.(25-30)

Importantly, COPD is a progressive disease characterised by chronic inflammation and exacerbations
that progressively (and irreversibly) damage the lungs (Section B.1.3.1.3).(3, 31) The resulting

reduced lung function is associated with more severe symptoms and further exacerbations, leading to
progressively greater (and more rapid) lung function decline.(3, 27, 31) Progressive disease is also
characterised by the development of comorbid conditions, including cardiovascular, metabolic,

musculoskeletal and psychological diseases (Section B.1.3.1.3), making the management of patients

more complex and adding to the morbidity and mortality associated with COPD.(32) COPD patients
have a high mortality rate.(30) The main drivers for mortality are exacerbations, respiratory failure and

comorbid cardiovascular disease.(30)

A significant proportion of patients with COPD have Type 2 inflammation (defined as blood EOS =300
cells/pL), which is associated with an increased risk of exacerbations and a higher rate of lung
function decline over time compared to those without Type 2 inflammation.(30) Patients with COPD
characterised by Type 2 inflammation (blood EOS =300 cells/uL) are the target population for this

submission.
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COPD has substantial detrimental effects on the health-related quality of life (HRQoL) of both patients

and their caregivers, driven by persistent symptoms and exacerbations (Section B.1.3.1.4).(28, 33-35)

COPD is also associated with considerable healthcare resource use (HCRU) and other direct costs to
the NHS, as well as high indirect costs due to absenteeism, reduced productivity and early retirement

among both patients and caregivers (Section B.1.3.1.5).(35-39)

Beyond the combination of an ICS, LABA and LAMA as an approach to medical management of
COPD, referred to as triple inhaled therapy, there have been few significant innovations in the
pharmacological treatment of COPD over the last 10 years (Section B.1.3.2). Despite treatment with
triple inhaled therapy, almost two-thirds of patients with COPD continue to experience moderate to
severe exacerbations.(26, 40) As a result, there is an unmet need for a targeted, effective and well-
tolerated treatment that can provide significant clinical improvements in exacerbations, lung function,
HRQoL and symptoms in patients with uncontrolled COPD on triple therapy. This is particularly the
case for patients with Type 2 inflammation who experience a higher burden and worse prognosis.(41,
42) There are currently no therapies recommended in England for patients with COPD with Type 2

inflammation who continue to exacerbate despite triple therapy.

Diagnosis and assessment

Despite the fact that COPD is a serious, common and preventable disease, there is extensive
underdiagnosis and misdiagnosis which can lead to patients receiving no or incorrect treatment.(3)
This was highlighted in the second annual survey of people with COPD in the UK conducted by
Asthma and Lung UK in 2022.(39) Time to diagnosis was long for many patients, with 12.4% of

respondents (1 in 8) waiting 10 or more years for a diagnosis.(39)

According to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2024 Global Strategy
for the Diagnosis, Management and Prevention of COPD and the NICE 2019 guidelines for the
diagnosis and management of COPD in people 216 years of age, a diagnosis of COPD may be
considered based on the presence of risk factors or symptoms, including progressive, persistent
dyspnoea that is worse with exercise, recurrent wheeze, chronic cough that may be intermittent or
that may be productive, and recurrent lower respiratory tract infections (bronchitis).(3, 7) To confirm a
COPD diagnosis, spirometry showing the presence of persistent airflow obstruction is required.(3, 7)
Both NICE and GOLD recommend post-bronchodilator testing, with a ratio of forced expiratory volume
in the first second (FEV1) to forced vital capacity (FVC) <0.7 indicative of airflow obstruction.(3, 7) The
severity of airflow obstruction is classified into four grades, based on post-bronchodilator FEV1, with

grade 4 being the most severe (Table 3).(3, 7)
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Table 3. Gradation of severity of airflow obstruction in COPD by GOLD and NICE

Grade Post-bronchodilator FEV1 (% reference)
1 (mild) FEV1 280% of predicted

2 (moderate) FEV1 50% to 79% of predicted

3 (severe) FEV1 30 to 49% of predicted

4 (very severe) FEV1 <30% of predicted

COPD = chronic obstructive pulmonary disease; FEV1 = forced expiratory volume in the first second

Source: GOLD 2024(3); NICE 2019(7)

Airflow obstruction alone is a poor predictor of a patient’s future risk of exacerbations and appropriate
initial treatments.(3) For this reason, GOLD developed the ABE assessment tool, which recognises
the importance of exacerbations alongside symptom burden and airflow obstruction, and classifies
patients into one of three lettered groups (A, B or E; Figure 1), in order to recommend appropriate
initial treatments.(3) Patients in GOLD group E (with an exacerbation history of 22 moderated
exacerbations or 21 severe exacerbation, in one year) may be considered to have a worse prognosis,

and broadly represent the target population for this submission.(3)

Figure 1. The GOLD ABE assessment tool

Spirometry confirmed Post-BD
diagnosis of COPD FEV,/FVC <0.7
Assessment of airflow GOLD grade
obstruction 1,2,30r4

>2 moderate exacerbations or E
Assessment of symptoms / ‘ >1 leading to hospital admission

risk of exacerbations .
’ 0 or 1 moderate exacerbation (not

leading to hospital admission)

A B

mMRC 0-1 mMRC 22
CAT <10 CAT 210

Symptoms
BD = bronchodilator; CAT = COPD Assessment Test; COPD = chronic obstructive pulmonary disease; FEV1 =
forced expiratory volume in the first second; FVC = forced vital capacity; GOLD = Global Initiative for Chronic
Obstructive Lung Disease; mMMRC = modified Medical Research Council
Source: GOLD 2024(3)
The severity of exacerbations is classified most simply by GOLD and NICE based on the level of
treatment required, as defined in Table 4.(3, 7) Patients in GOLD group E have a history of =2
moderate exacerbations or 21 severe exacerbation and classification is independent of symptom

burden.(3)
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Table 4. Classification of COPD exacerbations by severity

Severity | Definition based on the level of treatment required

Mild An exacerbation treated with short-acting bronchodilators only

Moderate | An exacerbation treated with short-acting bronchodilators and OCS + antibiotics

Severe An exacerbation that requires hospitalisation or visits to the ED; may be associated with acute
respiratory failure

COPD = chronic obstructive disorder; ED = emergency department; GOLD = Global Initiative for Chronic
Obstructive Lung Disease; OCS = oral corticosteroid

Source: GOLD 2024(3); NICE 2019(7)

For the assessment of symptom burden beyond the “ABE” classification, GOLD recommends the use
of multidimensional questionnaires such as the COPD Assessment Test (CAT), COPD Control
Questionnaire (CCQ), modified Medical Research Council (ImMMRC) dyspnoea scale and St. George’s

Respiratory Questionnaire (SGRQ).(3)

Prognostic indicators for COPD are summarised in the recently updated NICE Clinical Knowledge
Summary for COPD, highlighting severity of airflow obstruction, smoking status, severity of symptoms,
chronic hypoxia and/or cor pulmonale, low BMI, frequency and severity of exacerbations, hospital

admission, multimorbidity and frailty.(43)

Pathology

The primary risk factor associated with the development of COPD is the inhalation of toxic particles
and gases, such as tobacco smoke, biomass fuel, air pollution or occupational dust.(3) Lung damage
invokes inflammatory processes, that may become pathological over time.(3) Host factors can also
increase the risk of COPD, including impaired lung growth/development during gestation, childhood or

adolescence and accelerated lung function decline in later life.(3)

Ongoing and progressive COPD is maintained and aggravated by chronic inflammation, which leads

to airway remodelling, goblet cell hyperplasia, mucus overproduction and parenchymal destruction
(emphysema; Figure 2).(3, 24, 44)

Figure 2. Pathology of COPD
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Source: Adapted from Barnes 2019(44)
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Inflammation in COPD variably presents with increased levels of eosinophils, neutrophils,
macrophages, lymphocytes in the airways, lung parenchyma and pulmonary vasculature.(3, 44) Such
inflammation may be chronic, but also may increase in association with exacerbations. COPD may be
associated with by Type 1 or Type 2 inflammation, and features of each may mediate COPD

pathologies:

e Type 1 (or neutrophil-associated) inflammation in COPD is characterised by an inflammatory
response primarily involving neutrophils.(45) COPD with Type 1 inflammation is not the target

population for this submission.

e Type 2 (or eosinophilic) inflammation occurs in up to 40% of COPD patients.(46-50) Epithelial
cells lining the airways release the cytokine interleukin (IL)-33, which attracts T-helper Type 2
(Th2) and innate lymphoid Type 2 (ILC2) immune cells.(44, 51, 52) These cell types secrete
Type 2 cytokines (e.g., IL-4, IL-5, IL-13), leading to eosinophil production in the bone marrow
and recruitment to the lung, and activation of multiple other immune cell types including
alternatively activated macrophages.(44, 51, 52) IL-4 and IL-13 are involved in key
pathological processes in COPD, including airway remodelling, epithelial barrier dysfunction,
goblet cell hyperplasia, mucociliary dysfunction and mucus hypersecretion (Eigure 3).(53)

As described in Section B.1.2, dupilumab is a recombinant human IgG4 monoclonal antibody that

inhibits IL-4 and IL-13 signalling and therefore targets Type 2 inflammation in COPD.

Figure 3. Overview of Type 2 inflammation in COPD

Type 2 cytokine production Type 2 cytokine signaling Type 2 pathophysiologic effects
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COPD = chronic obstructive pulmonary disease; Ig = immunoglobulin; IL = interleukin; ILC2 = group 2 innate
lymphoid cell; PGD2 = prostaglandin D2; Th2 = helper 2 T cell; TSLP = thymic stromal lymphopoietin
Source: Adapted from Fieldes 2021(53) and Gandhi 2016(54)
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Biomarkers of Type 2 inflammation
Blood eosinophil counts

GOLD has recognised blood EOS counts (at 2100 and =300 cells/uL thresholds) as a biomarker of
Type 2 inflammation that can aid the identification of patients at a higher risk of exacerbations as well
as predict response to ICS therapy (add-on; triple therapy).(3) Patients with COPD and raised blood

EOS experience accelerated lung function decline (Section B.1.3.1.3), an increased risk of

exacerbations (Section B.1.3.1.3) and higher healthcare utilisation and costs (Section B.1.3.1.5).

Fractional exhaled nitric oxide (FeNO)

Emerging evidence also supports the use of FeNO levels as a biomarker for Type 2 inflammation,
where it may be indicative of IL-13 activity specifically.(42, 55) Raised FeNO, patrticularly in
association with a raised blood EOS count, may help predict patients at higher risk of severe

exacerbations, although evidence on this associated is still evolving.(42, 55)

B.1.3.1.2. Epidemiology of COPD

Estimates of the prevalence of COPD vary across the world, primarily due to the different definitions
used to describe the disease, but in England the likely conservative prevalence is 4.9% (as described
below).(19) The NICE 2019 guidelines and GOLD 2024 global strategy state that COPD should be
diagnosed in people with clinical symptoms confirmed by airflow obstruction, defined as an FEV1/FVC
ratio <0.7.(3, 7) However, there is no fixed threshold for airflow obstruction and alternative definitions

lead to variance in the estimated prevalence of COPD, including in the UK.

A study published in 2023 using linked data from the Clinical Practice Research Datalink (CPRD)
Aurum and Hospital Episode Statistics (HES) Admitted Patient Care (APC) databases
(N=12,745,793) calculated the prevalence of COPD in adults aged =40 years between 2000 and
2019.(19) Over the 20-year observation period, COPD point prevalence increased.(19) The authors
concluded that the best estimate of the prevalence of diagnosed COPD in people aged 240 years in
England in 2019 was 4.9%.(19) Based on the estimated size of the population in England in 2019
published by the Office for National Statistics (ONS), this equates to approximately 1.4 million people
with diagnosed COPD in England (rising to 1.9 million when undiagnosed people are also
included).(19) It should be noted that this estimate is higher than the QOF prevalence (all ages)
published by the Office for Health and Improvement Disparities (‘Fingertips’) for 2018/2019 (1,144,151
people) and 2022/2023 (1,151,474 people).(56)

Dupilumab is indicated in adults as add-on maintenance treatment for uncontrolled COPD (=2

moderate or =1 severe historical exacerbations within 12 months) characterised by raised blood EOS
(=300 cells/uL) on a combination of an ICS, a LABA, and a LAMA, or on a combination of a LABA and
a LAMA if ICS is not appropriate.(1, 2) To calculate the potential accessible number of COPD patients

anticipated to be eligible for treatment with dupilumab in England (please refer to Document C for
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detailed information), the 2022/2023 QOF data were utilised as this represents the most recent
estimate of COPD prevalence in England (1,151,474 people).(56) The proposed dupilumab
population includes patients who have experienced =2 moderate or =1 severe exacerbations within
the last 12 months despite maximal inhaled therapy (i.e., patients who are uncontrolled). Clinicians we
have spoken to, however, highlighted that patients with moderate exacerbations self-medicate using
their rescue packs and therefore these moderate exacerbations aren’t often reported (outside of
clinical trials). We have therefore assumed that a patient is highly unlikely to be identified as a
potential dupilumab patient unless they present to the hospital (with either a moderate or severe
exacerbation) while being on optimal (triple) inhaled therapy. Therefore, given that moderate
exacerbations are poorly defined and vastly underreported by patients in England, we estimate the

eligible population as follows:

e Based on data from HES England in 2022/23, 7.6% of patients had non-elective
hospitalisations, leading to an estimate of 87,912 COPD patients with one or more severe

exacerbations.(57)

o Data reported by Whittaker et al. 2022 for patients with COPD aged >40 years registered at
general practices in the UK, report that 39.3% of patients with one or more severe

exacerbations were already on triple therapy, corresponding to 34,565 patients.(26)

e Finally, it is reported that Type 2 inflammation (=300 cells/uL blood EOS count) occurs in up
to 40% of COPD patients.(46-50)

e This results in a final population of 13,826 patients eligible for treatment with dupilumab

(Eigure 4).

Figure 4. COPD patient population anticipated to be eligible for treatment with dupilumab in

England

1,151,474 Registered COPD patients in primary care

87,912 Uncontrolled patients with at least one
exacerbation requiring hospitalisation

- Patients treated with triple therapy
W Patients with Type 2 inflammation (2300 cells/pL blood EOS count)
Population eligible for dupilumab

COPD = chronic obstructive pulmonary disease
aBased on QoF England (2022/2023)(56)
bBased on HES England data (2022/2023)(57)
°Based on Whittaker et al. 2022(26)

dBased on published literature(46-50)
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B.1.3.1.3.  Morbidity and mortality of COPD

The morbidity and mortality associated with COPD is greater in patients with more severe airflow
obstruction (Table 3) and in those who experience exacerbations (as exemplified by patients fitting
GOLD group E; Figure 1), as described in the following sections. The humanistic and economic
burden of COPD are described in Section B.1.3.1.4 and B.1.3.1.5, respectively.

Mortality
COPD is among the top five leading causes of death in England,(15, 16) accounting for 21,701
deaths per yearii.(58) Mortality rates for respiratory disease in the UK are among the highest in

Europe and were reported to be 61% higher than the European average in 2016.(17)

The prognosis for patients with COPD is poor. In a database study of 339,647 patients with COPD in
England between January 2010 and January 2020, 28.8% of patients died during a mean follow-up of
5.5 years, of whom 25.7% died of COPD-related causes (e.g., respiratory failure) and 23.3% died of

cardiovascular disease (CVD)-related causes.(30)

A Sanofi-led cohort study used linked, de-identified, routinely collected electronic healthcare record
data from CPRD Aurum, HES and the ONS to assess real world clinical outcomes among the
dupilumab target population in England.(59) Patients fitting validated COPD criteria who also matched
the dupilumab BOREAS trial eligibility criteria as closely as possible (raised EOS =300 cells/L, triple
therapy; Section B.2.3.1.1) were followed (N=10,778; 2010 to 2021).(59) Overall, 3,747 patients

(34.8%) had uncontrolled disease, defined as =2 moderate or =21 severe exacerbation in the previous

year while receiving triple therapy.(59) In this cohort, 40.62% of patients died during a mean follow-up
of 4.1 years, including 601 (39.5%) exacerbation-related deaths, 302 (19.8%) CV-related deaths and
618 (40.6%) deaths due to other causes.(59)

In a national clinical audit of 107,761 adults with COPD admitted to UK hospitals with a COPD
exacerbation between 2018 and 2020, 6.1% died within 30 days of admission and 11.9% died within
90 days of admission.(60) Patients aged =75 years had a higher risk of 30-day and 90-day mortality
than patients aged <65 years.(60) The adjusted odds ratios (ORs) for mortality by sex and age are

presented in Table 5.(60)

Table 5. COPD mortality within 30 days and 90 days of hospitalisation in the UK

Variable \ Died in 30 days: adjusted OR (95% CI) \ Died in 90 days: adjusted OR (95% CI)
Sex

Men 1 [reference] 1 [reference]

Women 0.88 (0.83, 0.94) 0.87 (0.83, 0.91)

Age

35-44 0.26 (0.14, 0.48) 0.31(0.21, 0.47)

45-54 0.38 (0.31, 0.47) 0.43 (0.37, 0.50)

iThe number of deaths decreased in 2021 due to the impact of the COVID-19 pandemic. For comparison, 27,195 people died
from COPD in 2019.
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Variable Died in 30 days: adjusted OR (95% ClI) Died in 90 days: adjusted OR (95% CI)
55-64 0.64 (0.58, 0.72) 0.64 (0.59, 0.69)

65-74 1 [reference] 1 [reference]

75-84 1.47 (1.37, 1.58) 1.49 (1.41, 1.57)

85+ 2.32 (2.13, 2.53) 2.35(2.20, 2.51)

Cl = confidence interval; COPD = chronic obstructive pulmonary disease; OR = odds ratio

Source: Royal College of Physicians 2023(60)

It has been estimated that the life expectancy for current or former smokers with moderate to severe
COPD is up to 6 years lower than the general population, in addition to the ~3.5 years lost to
smoking.(61) The 2015 NICE quality standards and indicators briefing paper reported that the life
expectancy of patients with severe COPD (mean age of death: 74.2 years) is reduced compared to
patients with mild disease (mean age of death: 77.2 years) and those who did not have COPD (mean
age of death: 78.3 years).(62)

COPD mortality rates are significantly higher in more deprived regions of the UK. According to the
INHALE dataset, the 2020 COPD mortality rate in the most deprived decile was 159.4 per 100,000
people compared to 30.9 per 100,000 in the least deprived decile, i.e., over five times higher

(approximately 415%). This disparity highlights the substantial impact of socioeconomic factors on

health outcomes, patrticularly for chronic conditions like COPD.(63)

Risk factors for increased mortality among patients with COPD include greater severity of airflow
obstruction, higher comorbidity burden, and greater frequency and severity of exacerbations, as

detailed in the following sections.(30, 60)

Airflow obstruction

COPD is associated with irreversible and progressive airflow obstruction.(3) Lung function decline is a
normal part of the ageing process in adults, but COPD patients have an increased rate of lung
function decline over time (Figure 5).(64) Highly accelerated lung function decline is associated with

symptoms, exacerbations, respiratory failure and premature death.(64)

In a 2017 analysis of blood samples from participants in the prospective, population-based Canadian
Cohort of Obstructive Lung Disease (CanCOLD) study (N=1,120), high blood EOS levels in patients
with COPD were associated with more rapid FEV1 decline.(41) Patients with blood EOS 2300 cells/pL
had a significantly higher annual rate of FEV1 decline compared to those with blood EOS <150
cells/pL (p<0.05; Figure 6 and Table 6).(41)
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Figure 5. Lung function decline in patients with COPD
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Figure 6. Lung function decline among patients with COPD by EOS count
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The annual decline in FEV1 among patients with EOS >300 cells/uL was significantly greater than for the those
with EOS <150 cells/pL (p=0.0437). No significant difference was seen between the EOS >150 to <300 cells/pL

and EOS <150 cells/pL groups (p=0.3265).

COPD = chronic obstructive pulmonary disease; EOS = eosinophil; FEV1 = forced expiratory volume in one

second
Source: Adapted from Tan 2021(41)
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Table 6. Rate of FEV; decline by blood EOS level in COPD patients

Blood EOS count n FEV1 estimate Annual rate of change in
(mL/year) FEV1, mL/year (95% ClI)

<150 cells/uL 182 Reference -

=150 to <300 cells/uL 168 -14.94 -14.94 (-44.84, 14.96)

2300 cells/pL 116 -34.74 -34.74 (-68.49, -1.00)*

*p<0.05

Note: Data are presented for the mixed effects multivariable regression models for longitudinal lung function
decline by thawed blood EOS level of the subgroup with COPD only and no history of doctor diagnosed asthma
(N=466; “sensitivity analysis 2 for asthma exclusion”)

Cl = confidence interval; COPD = chronic obstructive pulmonary disease; EOS = eosinophil; FEV:1 = forced
expiratory volume in one second

Source: Tan 2021(41)

In a database study of patients with COPD in England between 2010 and 2020 (N=339,647),
increasing severity of airflow obstruction was associated with higher rates of all-cause, COPD-related

and CVD-related mortality (Table 7).(30)

Similarly, in an analysis of patients with COPD who participated in the Norwegian Nord-Trgndelag
Lung Study (HUNTZ2) between 1995 and 1997 with follow-up through to 2012 (N=1,540), all-cause

mortality was shown to rise with increasing severity of airflow obstruction (Table 8).(66)

Increasing severity of airflow obstruction also leads to greater medical costs and HCRU among
patients with COPD, as described in Section B.1.3.1.5.(37, 38)

Table 7. Adjusted mortality rates by FEV1 % predicted in England

FEV1 % Adjusted mortality rates per 1,000 person-years (95% CI)
predicted All-cause COPD-related CVD-related
280% 34.1 (33.5, 34.7) 4.6 (4.4,4.9) 8.8 (8.4,9.1)

50%-79%

50.8 (50.2, 51.3)

10.4 (10.2, 10.6)

12.8 (125, 13.1)

30%-49%

83.6 (82.4, 84.7)

31.2 (30.5, 31.9)

17.4 (16.9, 18.0)

<30%

144.2 (140.1, 148.3)

84.4 (81.2, 87.6)

21.8 (20.2, 23.4)

Adjusted for age, gender and smoking status.

CIl = confidence interval; COPD = chronic obstructive pulmonary disease; CVD = cardiovascular disease; FEV1 =
forced expiratory volume in one second

Source: Whittaker 2024(30)

Table 8. Excess mortality due to COPD severity in Norway

Severity of airflow obstruction Standardised mortality ratio (95% CI)

Males (n=956)

Females (n=584)

FEV1 280% of predicted

0.91 (0.76, 1.08)

0.75 (0.59, 0.95)

FEV1 50% to 79% of predicted

1.33 (1.20, 1.47)

1.7 (1.46, 1.99

FEV1 30 to 49% of predicted

1.77 (1.47, 2.12)

4.72 (3.62, 6.08)

FEV1 <30% of predicted

3.47 (2.70, 4.39)

5.15 (2.45, 9.92)

Cl = confidence interval; COPD = chronic obstructive pulmonary disease
Source: Leivseth et al. 2013(66)
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Symptom burden

COPD is associated with persistent respiratory symptoms, including dyspnoea (breathlessness),
chronic cough, sputum production, wheezing and chest tightness, as well as systemic effects such as
fatigue and weight loss.(3) Symptom burden increases with disease severity, as demonstrated in a
cross-sectional study conducted in Spain in 2015 (N=2,669), where patients fitting GOLD groups C
and D (per the 2013 GOLD ABCD criteria¥V; now defined as GOLD group E) experienced greater
symptom burden than other GOLD groups as well as a higher impact of COPD symptoms on their
HRQoL, daily life and sleep quality.(67)

Higher symptom burden in COPD is associated with an increased risk of exacerbations.(68) In a UK-
based cohort of 40,425 COPD patients with dyspnoea identified from the CPRD between April 2009
and March 2011, patients with moderate to severe dyspnoea (Medical Research Council [MRC] =3)
had a 46% higher risk of exacerbations compared to patients with no dyspnoea, while patients with

mild dyspnoea (MRC 2) experienced an 18% higher risk of exacerbations.(68)

COPD symptoms have a substantial negative impact on patient’s health status, daily activities and

overall wellbeing (as described in Section B.1.3.1.4) and also contribute to the substantial medical

costs and HCRU associated with the disease (as described in Section B.1.3.1.5).

Comorbidities

COPD is associated with both airway and systemic inflammation (Section B.1.3.1.1), which may

adversely affect the functioning of extrapulmonary systems, increasing the likelihood of comorbid
cardiovascular, neurological, gastrointestinal, metabolic and non-COPD respiratory diseases.(3)
Complications often associated with COPD are summarised in the recently updated NICE Clinical
Knowledge Summary for COPD, highlighting depression and anxiety, cor pulmonale, chest infections,
secondary polycythaemia, respiratory failure, pneumothorax, lung cancer, and muscle wasting and

cachexia.(69)

A cross-sectional study of UK primary care data from 314 Scottish practices (2007; N=1,272,685;
n=51,928 with COPD) found that 86% of patients with COPD had =1 comorbidity compared to 48.9%
of those without COPD. A total of 22.3% of patients with COPD had =5 comorbidities compared to
4.9% of those without COPD (adjusted OR: 2.63; 95% CI: 2.56, 2.70).(70)

The Spanish observational CLAVE study (2017 to 2018; N=4,801) recently reported that the most

frequent comorbidities in patients with severe COPD (FEV1 <50% of predicted) were:

v 2013 classification; GOLD A: mMRC 0-1 and CAT <10, GOLD 1 or 2, 0-1 exacerbations (not leading to hospitalisation);
GOLD B: mMRC 22 or CAT 210, GOLD 1 or 2, 0-1 exacerbations (not leading to hospitalisation); GOLD C: mMRC 0-1 and
CAT <10, GOLD 3 or 4, 22 or 21 exacerbations (leading to hospitalisation); GOLD D: mMRC 22 or CAT 210, GOLD 3 or 4, 22
or 21 exacerbations (leading to hospitalisation)
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¢ Metabolic disorders (arterial hypertension [51.2%], dyslipidaemia [36.0%], diabetes mellitus
[24.9%], abdominal obesity [15.8%])

e Cardiovascular diseases (myocardial infarction [10.1%], heart failure [11.6%)], peripheral
vascular disease [10.4%)], atrial fibrillation [11.5%]), and

e Psychological disorders (anxiety [14.1%], depression [11.8%]).(71)

The presence of these comorbidities adversely impacts patient COPD outcomes and quality of life.
Comorbidities are associated with an increased risk of mortality in patients with COPD.(60) Among
107,761 adults with COPD admitted to UK hospitals with a COPD exacerbation between 2018 and
2020, patients with a higher comorbidity burden (as measured by the Charlson comorbidity
index¥(72)) had an increased risk of 30-day and 90-day mortality than patients with a lower
comorbidity burden (Table 9).(60)

Table 9. COPD mortality within 30 days and 90 days of hospitalisation in the UK, stratified by

Charlson comorbidity index

Charlson Died in 30 days: adjusted OR (95% CI) Died in 90 days: adjusted OR (95% CI)
comorbidity index

0-1 1 1

2 1.14 (1.03, 1.27) 1.21 (1.12, 1.31)

3 1.57 (1.46, 1.69) 1.71 (1.62, 1.80)
4 1.88 (1.68, 2.09) 1.97 (1.81, 2.14)
5 2.07 (1.78, 2.40) 2.40 (2.15, 2.68)
6 2.81 (2.26, 3.49) 2.55 (2.13, 3.05)
7+ 5.29 (4.56, 6.14) 6.38 (5.65, 7.21)

CIl = confidence interval; OR = odds ratio

Source: Royal College of Physicians 2023(60)

The estimated annual frequency of adverse events in patients with COPD in the UK in 2022,
potentially attributable to comorbid disease is presented in Table 10, based on a 2023 report by
Asthma and Lung UK.(36) The most common adverse events were estimated to be atrial flutter,

constipation and heart failure.(36)

Table 10. Annual frequency of adverse events associated with COPD, by descending

frequency

Adverse effect Annual frequency
Atrial flutter 0.335

Constipation 0.0551

Heart failure 0.0464

Diarrhoea 0.0266

Angina 0.0167

Syncope 0.0153

Pneumonia 0.0148

v The Charlson comorbidity index (CCl) assesses comorbidity level by taking into account both the number and severity of 19
pre-defined comorbid conditions. The total score in the CCl is derived by summing the assigned weights of all comorbid
conditions presented. Higher scores indicate a more severe condition and consequently, a worse prognosis.
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Adverse effect Annual frequency
Stroke 0.0122

Urinary retention 0.0109

Myocardial infarction 0.01

Dry mouth 0.003

Cardiac arrest 0.0017

Glaucoma 0.0015

Ventricular tachycardia 0.0004

COPD = chronic obstructive pulmonary disease
Source: Asthma and Lung UK 2023(36)

Major adverse cardiovascular events (MACE)

Patients with COPD are two to five times more likely than the general population to develop CVD, an
association that can be partly attributed to commonalities in risk factors such as exposure to cigarette
smoke.(73, 74) Comorbid CVD worsens the prognosis of COPD, being associated with an increased
severity of COPD exacerbations, an increased risk of CV events, frequent hospitalisation and death in
approximately 20% of COPD patients.(73, 75)

In the Sanofi-led HES-CPRD study described previously (N=10,778; 2010 to 2021), 16.84% (n=631)
of patients with uncontrolled COPD experienced a first MACE during follow-up, of which 29% were
fatal.(59)

Cardiovascular complications are particularly common following a COPD exacerbation, as described

in the following section.(29)

Exacerbations

COPD exacerbations are acute episodes of symptom worsening, associated with increased
airway/systemic inflammation and physiological changes.(76) The severity of exacerbations varies
and is classified based on the type of treatment required, increasing from mild (requiring short-acting
bronchodilators only), through moderate (requiring short-acting bronchodilators and OCS * antibiotics)

to severe (requiring hospitalisation or ED consultation), as summarised in Section B.1.3.1.(3)
Moderate Exacerbations

In England, NICE advocates for the use of rescue packs" to facilitate prompt treatment of moderate
exacerbations and minimise the risk of complications; however, they impose significant clinical
burdens and there use relies on ongoing monitoring and education to help prevent overuse of

antibiotics and systemic corticosteroids.(7)

vl A COPD rescue pack consists of a short course of steroids and antibiotics prescribed by a doctor in advance and kept in the
patients home for use in case of exacerbations.
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Oral Corticosteroids

Short courses of oral corticosteroids, such as prednisone, are commonly used to reduce airway
inflammation and improve lung function during COPD exacerbations. Despite their benefits,
corticosteroids are associated with several adverse effects that contribute to the clinical burden for

these patients.

One of the most significant concerns is the increased risk of pneumonia. Oral corticosteroids suppress
the immune response, which has been shown to elevate the incidence of pneumonia in COPD
patients.(77) Additionally, the long-term consequences of recurrent corticosteroid use, even in short
bursts, include osteoporosis and an increased risk of fractures.(78)

The adverse effects of oral corticosteroids can be particularly detrimental for COPD patients, who
often suffer from other comorbid chronic conditions such as heart failure, diabetes mellitus, and
muscle weakness.(77, 79, 80) These risks necessitate regular monitoring and management of

cardiovascular comorbidities, further burdening both patients and healthcare systems.

Antibiotics

The use of antibiotics during moderate COPD exacerbations aims to control bacterial infections that
may exacerbate symptoms. However, the widespread use of antibiotics in this population, even in
short courses, presents several clinical challenges.

A major concern is the development of antibiotic resistance. COPD patients frequently require
repeated courses of antibiotics due to recurrent exacerbations, increasing the likelihood of bacterial
resistance.(81, 82) Additionally, antibiotic resistance may necessitate patients returning to provide
sputum samples for culture and sensitivity testing, prolonging the treatment process and increasing
the burden on both patients and healthcare resources.(83) This issue is underscored by the specific

NICE guideline (NG114) on antimicrobial prescribing in COPD for acute exacerbations.

An experienced clinical expert, a respiratory nurse specialist, highlighted the clinical burden from
adverse events related to rescue packs and the common frequency of alternative antibiotic

prescribing due to resistance and the need for sputum sampling.(84)

Despite treatment with triple therapy, almost two-thirds of patients with COPD in the UK continue to
experience moderate or severe exacerbations.(26, 40) In 2023, it was estimated that 4,476,940
moderate exacerbations and 400,291 severe exacerbations occurred in patients with COPD in
England.(36)

Severe exacerbations

A severe exacerbation is an intense worsening of symptoms, requiring hospitalisation. A Sanofi-led
analysis using HES data evaluated the resource use associated with severe COPD exacerbations in
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England between April 2018 and February 2024 (N=357,410; see Appendix M for study details). On
average, a severe exacerbation includes a length of stay of 2.9 days, 88% of spells were admitted via
A&E and 14% of spells were associated with a readmission within 30 days.

COPD exacerbations and Type 2 inflammation

In the Sanofi-led HES-CPRD study described previously (N=10,778; 2010 to 2021), involving
uncontrolled COPD (=2 moderate or 21 severe historical exacerbations within 12 months) with Type 2
inflammation (blood EOS =300 cells/pL) treated with triple therapy, 3,747 patients (34.8%) had
uncontrolled disease, defined as 22 moderate or 21 severe exacerbation in the previous year while
receiving triple therapy.(59) Patients with uncontrolled COPD experienced a median of 6 moderate or
severe exacerbations during the study period, with a mean annual rate of 2.294 moderate (95% ClI:
2.676, 2.729), 0.408 severe (0.398, 0.418) and 0.039 fatal (0.036, 0.418) exacerbations.(59)

The risk of exacerbations is higher in patients with COPD and Type 2 inflammation. A study
conducted in Spain between March 2016 and January 2018 (N=322) found that patients with COPD
and Type 2 biomarkers (raised blood EOS, high FeNO) had a significantly increased risk of moderate
or severe exacerbation during the one year follow-up period than those without Type 2 biomarkers
(HR: 1.73; 95% CI: 1.26, 2.28; p=0.001).(42) Patients with Type 2 biomarkers also had a significantly
shorter time to first moderate or severe COPD exacerbation compared to those without Type 2

biomarkers (240 days vs. 317 days, respectively; p<0.05).(42)

Impact of COPD Exacerbations

Critically, it is important to recognise that COPD exacerbations are associated with an increased risk
of future exacerbations, lung damage and decreased lung function, higher symptom burden,
increased risk of CV events and greater risk of death; severe COPD exacerbations are associated
with greater morbidity and mortality than moderate exacerbations. Consequently, exacerbations can

be considered “sentinel” events for this progressive disease.

e Increased risk of subsequent exacerbations

o In a Danish study (2008—2014) of 8,453 patients in GOLD group B, one moderate
exacerbation increased the OR of experiencing a new moderate exacerbation by 1.58
(95% CI: 1.33, 1.87) while 22 moderate exacerbations increased the OR by 2.60 (95%

Cl: 2.19, 3.08) compared to patients with no exacerbations in the previous year.(85)

o Similarly, a Canadian study (N=73,106; 1990-2005) found that the risk of subsequent
COPD exacerbations increased with each successive severe exacerbation (adjusted
hazard ratio [HR] for second successive exacerbation: 1.76; adjusted HR for tenth or
greater successive exacerbation: 5.21), and that the median time between exacerbations
reduced from approximately 5 years after the first hospitalised exacerbation, to 4 months

after the 9t (Eigure 7).(27)
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Figure 7. Increasing frequency of severe exacerbations among patients with COPD

100
9th - 10th exacerbation:
Rate of next 20 15t > 2nd axacerbation: <4 months
severe 5.4 years
exacerbation 60 : Baseline rate of
per 10,000 per Baseline rate of severe severe
day 40 exacerbation: exacerbation:
~3 per 10,000 per day 50 per 10,000
20 i per day
0
0 2 4 6 8 10 12
Time after first severe exacerbation (years) Peakin

exacerbations

Source: Adapted from Suissa 2012(27)
e Higher symptom burden

o A global meta-analysis of 18,746 patients with COPD from seven RCTs identified a
significant worsening in symptom burden (as measured by CAT score) of 0.85 points
(95% CI: 0.77, 0.92) with each moderate exacerbation event.(28)

e Increased risk of CV events

o A global systematic review and meta-analysis (2000—-2021; n=7 studies) found a
significantly increased risk of acute myocardial infarction (risk ratio [RR]: 2.43) and stroke

(RR: 1.68) in the 1-3 months after a moderate or severe COPD exacerbation.(29)

o A post-hoc analysis of the SUMMIT RCT (N=16,485) demonstrated that the risk of CV
events was 4-fold higher following an exacerbation (any severity) and 10-fold higher
following a severe exacerbation, and the risk of CV events remains elevated for up to a
year (Table 11).(86)

o Aretrospective cohort study of patients with newly diagnosed COPD in the US (2012—
2019; N=435,925) found that the risk of CV events following an exacerbation was highest
during the first 30 days, but increased risk persisted for 1 year.(87)

Table 11. Risk of CV events following a COPD exacerbation

Period Number of Number of HR (95% CI)
participants in participants with an
period adjudicated CV event
Any exacerbation
Baseline 16,477 487 Reference
1 to 30 days post-exacerbation 4,639 32 3.8(2.7,5.5)
31 days to 90 days post- 4,235 29 1.9(1.3,2.7)
exacerbation
91 days to 1 year post-exacerbation | 3,779 91 1.9(1.5,2.4)
>1 year post-exacerbation 2,179 41 1.2 (0.8,1.7)
Severe exacerbation
Baseline 16,476 605 Reference
1 to 30 days post-exacerbation 1,243 24 9.9 (6.6-14.9)
31 days to 90 days post- 998 15 3.7 (2.2-6.1)
exacerbation
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Period Number of Number of HR (95% ClI)
participants in participants with an
period adjudicated CV event
91 days to 1 year post-exacerbation | 862 24 2.0 (1.3-3.0)
>1 year post-exacerbation 447 11 1.3 (0.7-2.6)

Cl = confidence interval; CV = cardiovascular event; HR = hazard ratio
Source: Kunisaki et al. 2018(86)

e Greater risk of death

o In a database study of 339,647 patients with COPD in England between January 2010

and January 2020, adjusted all-cause mortality and COPD-related mortality were higher

in patients with any exacerbation compared to patients with no baseline exacerbations

(Table 12).(30) Furthermore, mortality was higher in patients with a greater frequency of

exacerbations and patients with severe exacerbations versus moderate

exacerbations.(30)

Table 12. Adjusted mortality rates by number and severity of exacerbations in England

Variable

Adjusted mortality rates per 1,000 person-years (95% CI)

All-cause

‘ COPD-related ‘

CVD-related

Exacerbations (any vs none)

None

53.4 (53.1, 53.4)

12.2 (12.0, 12.4)

13.1 (12.9, 13.4)

Any

71.1(70.4, 71.2)

21.7 (21.3, 22.1)

15.9 (15.5, 16.2)

Exacerbation frequency

None

53.4 (53.1, 54.0)

12.2 (12.0, 12.4)

13.1 (12.9, 13.4)

<2

64.6 (63.8, 65.5)

18.2 (17.8, 18.7)

14.8 (14.3, 15.2)

2+

83.1 (81.8, 84.5)

28.0 (27.2, 28.9)

17.9 (17.3, 18.6)

Exacerbation severity

None 53.4 (53.1, 53.4) 12.2 (12.0, 12.4) 13.1 (12.9, 13.4)
Moderate 66.6 (65.9, 67.4) 19.1 (18.7, 19.6) 15.1 (14.7, 15.4)
Severe 125.0 (122.1, 128.0) 47.4 (455, 49.2) 26.3 (24.9, 27.6)

CIl = confidence interval; COPD = chronic obstructive pulmonary disease; CVD = cardiovascular disease

Source: Whittaker 2023(30)

COPD exacerbations have a substantial negative impact on patient’s daily activities and overall

HRQoL (as described in Section B.1.3.1.4) and also contribute to the substantial medical costs and
HCRU associated with the disease (as described in Section B.1.3.1.5).

Patients with COPD living in deprived areas are more likely to experience frequent exacerbations. Key

factors include low household income, poor housing conditions (cold and damp) and higher smoking

rates.(88) These socioeconomic factors significantly contribute to the increased burden of COPD in

these populations, such as an increased level of exacerbations. The findings highlight the need for

targeted interventions to address these disparities and improve COPD outcomes.(88)
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B.1.3.1.4. Humanistic burden of COPD

Impact on patients

Market research conducted by Sanofi in August 2023 among patients (n=8) and clinicians (n=12) in
the UK reinforces that COPD is a condition characterised by despair.(33) Most patients surveyed had
been hospitalised at least once, and all but one were using triple therapy.(33) All patients surveyed

were regularly using oral steroids and/or antibiotics to manage exacerbations.(33)

In the survey, patients reported that COPD feels like a very frightening, long, protracted death
sentence which they have brought upon themselves.(33) This leads to shame and stigma, and
impacts hugely on every aspect of their life.(33) For many, life feels extremely limited and they are
frequently confined to their homes.(33) Patients feel there is little that can be done to improve their
HRQoL.(33) One patient surveyed said “There’s nothing they can give me. I'm basically stuck with
it....I just have to live with it, it’s just the way it is”.(33) The clinicians surveyed also recognised that
there is little they can achieve as current treatments, which have remained relatively unchanged over
the past decades, have limited impact.(33) Their main goal is to stabilise the patient’s condition, which
will ultimately progress, placing an emotional burden on healthcare professionals (HCPs).(33) The
clinicians surveyed reported that they find it difficult, if not impossible, to break the cycle of
exacerbations and associated hospitalisations for some patients and this can ultimately lead to a
sense of failure.(33) A respiratory specialist stated that “The despair is the patient’s, but also that
translates to the doctor. It's not curable and they endlessly come back ...(and) there is only so much

we can do”.(33)

Symptoms

COPD symptoms, particularly dyspnoea, have a substantial negative impact on health status, daily
activities and overall wellbeing.(89) Without effective treatment, health status declines with disease

progression over time, often referred to as the “spiral of decline”.(90)

Dyspnoea also limits physical exertion and affects patients' ability to perform routine tasks.(89) COPD
symptoms, such as coughing and dyspnoea, influence the patient’s quality of sleep, which may
increase symptoms of fatigue, anxiety and depression, thereby further affecting their HRQoL.(89) In a
telephone survey that screened 83,592 households in France, Italy, Germany, Spain, the UK and the
US and identified 1,107 patients with COPD, symptoms such as increased sputum production (35%),
coughing (42%), fatigue (37%) and dyspnoea (37%) were most cited as impacting patient’s
wellbeing.(91)

A study analysing data from the 5-European Union (EU) 2013 National Health and Wellness Survey in
adults aged 240 years with COPD (N=768), which included 180 participants from the UK, reported
that patients with more severe dyspnoea (MMRC score 22) had significantly worse HRQoL as
measured by the Short Form-36 (SF-36) health questionnaire compared to those with less severe
dyspnoea (MMRC score <2; p<0.001).(34)
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Exacerbations

COPD exacerbations are also associated with poor HRQoL. A globally focussed systematic literature
review identified clinical studies published up to October 2019 in which the HRQoL of patients with
COPD and exacerbations was evaluated.(28) Meta-analysis of data from seven RCTs (representing
data from 18,746 patients) demonstrated an increase in total SGRQ score from baseline of 1.88 (95%
Cl: 1.72, 2.04) per moderate COPD exacerbation and 2.92 (95% CI: 2.48, 3.36) per severe
exacerbation.(28) Further, an increase in the rate of exacerbations by one moderate event per year
led to a reduction in EQ-5D-5L score of —0.02 (95% CI: -0.02, -0.01) from baseline, while one
additional severe event per year led to a reduction of —0.03 (95% CI: —0.04, —0.02) from baseline.(28)

Severe exacerbations also have a devastating impact on physical activity levels, skeletal muscle

function and exercise tolerance.(92) For example:

¢ In a multicentre study of outpatients with moderate or severe COPD conducted in Spain
(N=441), 45% of patients reported becoming bed- or couch-bound after a community-treated

exacerbation, and 55% reported having to stop work.(93)

e |n a multinational interview-based survey of patients with predominantly moderate to very
severe COPD and =2 exacerbations during the previous year (N=125), 86% of patients
reported that an exacerbations had a significant impact on their activities of daily living, with

47% stopping all activities completely.(94)

¢ In a systematic review of 217 relevant quantitative studies, patients with COPD rated
exacerbations as the most important outcome.(95) For moderate exacerbations, patients will
experience mild-to-moderate worsening of breathlessness and cough, and the symptoms
interfere with daily activities; while patients with a severe exacerbation will experience severe-
to-very severe worsening of breathlessness and cough, and the symptoms will completely

disrupt daily activities.

Anxiety and depression

Patients in the UK surveyed by Sanofi reported anxiety and depression due to COPD.(33) Anxiety
and depression occur more frequently in patients with COPD than in patients with other chronic
diseases such as hypertension, diabetes, cancer or musculoskeletal disorders(96-98) and are much

more prevalent among patients with COPD than in the general population.(97, 99-101)

A summary of international studies found that the prevalence of depression has been reported to
range from 10% to 42% in patients with stable COPD.(97) In a systematic review, the prevalence of
depression in patients hospitalised for COPD exacerbations ranged from 10% to 86%, depending on
the methods used for the diagnosis and assessment of depression.(102) In a UK database study that
followed up on patients who were first diagnosed with COPD between January 1995 and December

2005, patients with severe COPD requiring oxygen had the highest relative risk of developing
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depression (OR: 2.01; 95% CI: 1.45, 2.78) compared with patients with moderate (OR: 1.44; 95% CI:
1.29, 1.61) or mild COPD (OR: 1.19; 95% CI: 0.92, 1.54).(103)

Patients with COPD are also more likely to develop anxiety compared to matched controls (adjusted
OR: 1.85; 95% CI: 1.072, 3.18) and the prevalence of panic disorders may be up to 10-fold higher
than in the general population.(100, 104) Clinical anxiety (including generalised anxiety disorder,
panic disorders and specific phobias) in COPD has been reported to occur in 13% to 46% of
outpatients and 10% to 55% of inpatients.(105)

In a 2014 pan-European observational study of adults aged =40 years with stable COPD (N=727),
which included clinical practice centres in the UK, patients with more persistent respiratory symptoms

were reported to have higher levels of anxiety, depression and poor sleep quality.(106)

Depression and anxiety often occur concurrently in COPD, with the proportion of patients reporting
both conditions ranging from 26% to 43%.(107, 108) Patients with COPD who meet the criteria for
both depression and anxiety are at a heightened risk of suicidal ideation, increased physical disability

and chronic depressive symptoms versus those with either disorder alone.(105, 109)

The relationship between depression/anxiety and COPD is complex and bidirectional.(110) While
COPD itself increases the risk of experiencing depression and anxiety, examples from the literature

demonstrate that depression and anxiety also have negative impacts on multiple COPD outcomes:

e Increased mortality risk: Depression and anxiety may contribute to poor self-care, reduced
physical activity and non-adherence to treatment plans, ultimately affecting survival rates in
COPD.(110, 111)

e Worse COPD symptoms: Depression exacerbates COPD symptoms such as

dyspnoea.(112)

e Increased risk of exacerbations: Depression and anxiety increase the risk of moderate and

severe COPD exacerbations.(113)

e Reduced HRQoL: Depression and anxiety affect a person’s overall wellbeing, leading to
decreased HRQoL in patients with COPD.(114) They amplify feelings of fatigue,
hopelessness and social isolation, making it harder to cope with COPD symptoms.(96, 115)

e Greater healthcare utilisation and costs: Depression in patients with COPD is associated
with increased HCRU, including higher numbers of hospitalisations and emergency room

visits as well as longer hospital stays.(111, 116, 117)
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Physical impairments

A 2017 US cross-sectional survey (N=1,775) found that patients fitting GOLD group C and D criteria
(per the 2013 GOLD ABCD criteriai; now defined as GOLD group E) experienced the greatest
physical impairment with a combined mean Functional Performance Inventory-Short Form (FPI-SF)
total score of 1.9, compared with scores of 2.6 and 2.1 for patients in GOLD groups A and B,
respectively.(118) Increased physical impairment may result in an increased caregiver burden and

further impact all aspects of a patient's HRQoL.

Impact on caregivers

The majority (71%) of patients with COPD require informal caregiver support;(119) caregivers are
often physically, emotionally and financially impacted, which may have significant negative effects on
their daily lives.(35) For example, a Spanish study analysed 220,892 informal caregivers of patients
with COPD and found that 83% had leisure/social-related problems, 38% had professional-related
problems (among those of working age, <65 years old) and 35% had health-related problems due to
their caregiving.(35) Individuals who provide informal care to patients with COPD experience a level of

burden similar to that of caregivers of patients with other chronic diseases, such as stroke or cancer
(Eigure 8).(35)

Figure 8. Proportion of informal caregivers of COPD patients having problems vs. caregivers

of patients with other chronic diseases
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Source: Miravitlles 2015(35)

Vil 2013 classification; GOLD A: mMRC 0-1 and CAT <10, GOLD 1 or 2, 0-1 exacerbations (not leading to hospitalisation);
GOLD B: mMRC 22 or CAT 210, GOLD 1 or 2, 0-1 exacerbations (not leading to hospitalisation); GOLD C: mMRC 0-1 and
CAT <10, GOLD 3 or 4, 22 or 21 exacerbations (leading to hospitalisation); GOLD D: mMRC 22 or CAT 210, GOLD 3 or 4, 22
or 21 exacerbations (leading to hospitalisation)
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B.1.3.1.5. Economic burden of COPD

COPD is associated with considerable HCRU and associated costs, largely driven by exacerbations,
as well as high indirect costs due to absenteeism, reduced productivity and early retirement among
patients and caregivers. For example, COPD is the second largest cause of emergency admissions
(around 130,000 per year), and accounts for around 1.4 million GP consultations per year.(120) A
cost of illness model developed by Asthma and Lung UK estimated that the total cost of COPD in the
UK, including both direct and indirect costs, was £9 billion in 2023.(36) For comparison, the total cost

of lung cancer in the UK is estimated at £2.4 billion annually.(121, 122)

Direct costs and healthcare resource use
COPD is associated with substantial medical costs and HCRU, which increase as a function of

disease severity (airflow obstruction, symptom burden and exacerbations).(37, 38)

Based on the cost of illness model developed by Asthma and Lung UK, the direct costs of COPD in
England were estimated to be £3.9 billion in 2023.(36) Of the direct costs assessed, exacerbation
costs accounted for the largest proportion (£1.4 billion), followed by maintenance costs (defined as
routine healthcare resources used for COPDVii; £0.9 billion), adverse effect costs (defined as negative
health eventsi* associated with COPD; £0.9 billion) and treatment costs (£0.7 billion; Figure 9).(36)
Annual maintenance costs for 2022, categorised by GOLD group (based on the GOLD 2020 ABCD
classification*), demonstrated higher costs among patients with more severe disease (symptom
burden and exacerbations), ranging from £109 for patients in GOLD A, £118 for GOLD B, £796 for
GOLD C and £1,474 for GOLD D.(36)

Figure 9. Direct costs of COPD in England in 2023
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COPD = chronic obstructive pulmonary disease
Source: Asthma and Lung UK, 2023(36)

Vil GP visits; respiratory team visits; outpatient visits; spirometry; pulmonary rehabilitation; home oxygen therapy; influenza
vaccine; SAMA; SABA; theophylline; mucolytics; oral corticosteroids; CT scan

* Cardiac arrest; syncope; ventricular tachycardia; myocardial infarction; atrial fibrillation/flutter; angina; stroke; heart failure;
pneumonia; constipation; diarrhoea; dry mouth; urinary retention; glaucoma

¥ 2020 classification; GOLD A: mMRC 0-1 or CAT <10, 0-1 exacerbations (not leading to hospitalisation); GOLD B: mMRC 22
or CAT 210, 0-1 exacerbations (not leading to hospitalisation); GOLD C: mMRC 0-1 or CAT <10, 22 exacerbations (not leading
to hospitalisation) or 21 exacerbation (leading to hospitalisation); GOLD D: mMRC 22 or CAT 210, 22 exacerbations (not
leading to hospitalisation) or 21 exacerbation (leading to hospitalisation)
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A retrospective cohort study analysing data from patients with COPD (N=7,881) diagnosed between
2008 and 2009 in the UK reported annual COPD management costs per patient per year (excluding
medication costs; cost year: 2011) of £2,047 in the 24 months following COPD diagnosis.(37) The
majority of these costs were attributed to general practitioner (GP) visits (58.5%), followed by non-
COPD hospitalisations (31.4%) and exacerbations (10.2%).(37) Annual COPD management costs
rose with increasing severity of airflow obstruction, with patients with mild, moderate, severe or very
severe airflow obstruction (as defined in Table 3) incurring costs of £1,921, £2,046, £2,092 and
£2,293 per patient per year, respectively.(37)

In a retrospective longitudinal analysis, data from CPRD linked to HES in England were used to
assess HCRU in a cohort of patients with COPD (N=44,201) from 2011 to 2013.(38) The study found
that patients in higher GOLD groups (as per the 2013 GOLD ABCD criteria¥) was associated with an
increased frequency of GP visits, ranging from 4.72 per person-year for patients in GOLD A to 6.91
per PY for patients in GOLD D (Table 13).(38) In addition, patients with more severe symptoms,
categorised as GOLD B or D, had the highest annual rates of COPD-related hospital admissions, at
0.57 and 0.85 per PY, respectively, compared to patients in GOLD A or C.(38)

Table 13. Annual HCRU per person-year in patients with COPD by GOLD group in England in
2013

GOLD Total person- | COPD-related
category* | years at risk hospitalisations (rate hospitalisations (rate
of admissions [95% of admissions [95%
Ci) Ci)

Non-COPD GP visits (rate of visits

[95% ClI])

GOLD A 8,957.15

0.35 (0.31, 0.40)

0.39 (0.37, 0.40)

472 (4.62, 4.84)

GOLD B 4,888.70

0.57 (0.54, 0.61)

0.42 (0.41, 0.44)

5.71 (5.54, 5.89)

GOLD C 4,580.30

0.44 (0.40, 0.48)

0.32(0.30, 0.34)

6.09 (5.93, 6.28)

GOLD D 5,945.35

0.85 (0.81, 0.89)

0.28 (0.27, 0.30)

6.91 (6.75, 7.10)

*GOLD 2013 classification

Cl = confidence interval; COPD = chronic obstructive pulmonary disease; GOLD = Global Initiative for Chronic
Obstructive Lung Disease; GP = general practitioner; HCRU = healthcare resource use

Source: Merinopoulou, 2016(38)

A Sanofi-led analysis using HES data evaluated the resource use associated with severe COPD
exacerbations in England between April 2018 and February 2024 (N=357,410; see Appendix M for
study details).(123) For the purposes of this analysis, a severe exacerbation was defined as one
requiring a hospital stay.(123) The resource use associated with each severe exacerbation is

summarised in Table 14.(123)

X 2013 classification; GOLD A: mMRC 0-1 and CAT <10, GOLD 1 or 2, 0-1 exacerbations (not leading to hospitalisation);
GOLD B: mMRC 22 or CAT 210, GOLD 1 or 2, 0-1 exacerbations (not leading to hospitalisation); GOLD C: mMRC 0-1 and
CAT <10, GOLD 3 or 4, 22 or 21 exacerbations (leading to hospitalisation); GOLD D: mMRC 22 or CAT 210, GOLD 3 or 4, 22
or 21 exacerbations (leading to hospitalisation)
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Table 14. HCRU associated with severe exacerbations in England between 2018 and 2024

Resources Frequency per exacerbation
Ambulance transport 0.7

A&E admission 0.88
Hospital stay (LOS) 2.9 days
ICU (LOS) 0.01 days
Readmission within 30 days 0.14
Ventilation 0.07
Oxygen therapy 0.02

CT scan 0.1
Echocardiogram 0.05
CPAP therapy 0.01
Follow-up outpatient appointments within 30 days of exacerbation 0.18
Follow-up outpatient appointments within 90 days of exacerbation 0.37

A&E = accident and emergency; CPAP = continuous positive airway pressure; CT = computed tomography;
HCRU = healthcare resource use; HES = Hospital Episode Statistics; ICU = intensive care unit; LOS = length of
Ztgzrce: Sanofi 2024 [Data on file] HES 2018-2024(123)

Hospital readmissions are common among patients with COPD. The 2023 summary report published
by the National Asthma and COPD Disease Audit Programme (NACAP) of the Royal College of
Physicians reports that 24.4% and 43.1% of patients with COPD were readmitted within 30 and 90

days after discharge, respectively.(124)

A multi-country trial on the burden of COPD highlighted significant seasonal variations in COPD
exacerbations and deaths, with peaks in winter and declines in summer.(125) These fluctuations lead
to high opportunity costs in secondary care due to increased bed occupancy during peak periods,
straining healthcare resources and delaying care for other patients.(125) The problem is exacerbated
by the need to allocate more resources during winter, impacting hospital efficiency and financial
performance.(125) Interventions that reduce exacerbations can help mitigate these opportunity costs,

ensuring better resource management and patient care.(125)

Data from outside of the UK indicate that patients with COPD and Type 2 inflammation have a higher
economic burden than those without Type 2 inflammation.(126, 127) A cross-sectional US study
(2011-2015) of patients with COPD (N=2,832; cost year: 2016) showed that patients with blood EOS
counts 2150 cells/uL incurred significantly higher COPD-related healthcare costs (USD$9,800
difference; p=0.006) and total healthcare costs (USD$14,412 difference; p=0.002) than patients with
blood EOS counts <150 cells/uL.(126) Furthermore, in a retrospective Canadian study (2006—2013) of
patients with COPD (N=479), eosinophilic patients (=200 cells/uL or 22% of total white blood cells)
had a significantly increased risk of 1-year COPD-related readmission (OR: 1.83; p=0.009), shorter
time to first COPD-related readmission (HR: 1.64; p=0.007) and higher number of 1-year COPD-
related emergency department visits (IRR: 1.78; p=0.003) compared to non-eosinophilic
patients.(127)
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Indirect costs

COPD drives indirect costs due to premature death (Section B.1.3.1.3), limitation of physical activities

(Section B.1.3.1.4) and missed work time for both patients and caregivers. The Continuing to Confront
COPD International Patient Survey, which was conducted between 2012 and 2013 and included 305

patients with COPD from the UK, found that 70% of patients in the UK experienced a negative impact
on their work.(128) Specifically, 52% of patients reported being completely unable to work, while 18%

reported having a reduced ability to work.(128)

Patients with COPD may have to retire earlier than members of the workforce without COPD.(39) In
an analysis of German electronic health records for patients with COPD and matched controls
between September 2010 and December 2013 (COSYCONET), COPD was significantly associated
with early retirement (Table 15).(129) Early retirement was identified as a major driver of indirect costs
in patients with COPD.(129)

Table 15. Early retirement among patients with COPD in Germany

FEV1 FEV150% | FEV130to | FEV1<30% Control p-value
280% of to 79% of 49% of of predicted | (n=856)
predicted predicted predicted (n=133)
(n=72) (n=377) (n=352)
Proportion with 34.7 36.6 51.4 72.2 14.7 <0.0001
early retirement (%)
Costs associated
with early retirement | €12,891 €13,590 €19,090 €26,798 €5,465 <0.0001
(2012¢€)

COPD = chronic obstructive pulmonary disease; FEV1 = forced expiratory volume in the first second

Source: Wacker 2016(129)

A Spanish study investigating the burden faced by informal caregivers of patients with COPD
(N=220,892) found that 37.3% of caregivers under the age of 65 experienced work-related
problems.(35) The most frequently reported work-related problems were the inability to work outside
the home (22.7%), economic problems (19.3%) and the need to stop working altogether (11.5%).(35)

Based on the cost of illness model developed by Asthma and Lung UK, the total productivity costs of
COPD in England were estimated to be £1.7 billion in 2023.(36) In addition, the total costs associated
with quality-adjusted life years (QALY) losses due to moderate/severe exacerbations and adverse
effects of COPD were estimated to be £2.3 billion.(36)

B.1.3.2. Description of clinical pathway of care

Several NHS policies address the importance of respiratory health, and focus on improving diagnosis
and management of COPD, as well as reducing exacerbations. The NHS Long Term Plan includes
better detection of COPD and increase of uptake in pulmonary rehabilitation, among others, as part of
the respiratory priorities of the plan.(130) The NHS RightCare pathway for COPD provides a set of
resources to support local health economies to address variation and improve health.(22) NICE’s
Clinical Knowledge summaries also sets goals with regards to managing breathlessness and

preventing acute exacerbations of COPD.(131) Finally, aiming to address inequalities in care
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provision, the NHSE CORE20PIus5 policy focuses on the most deprived 20% of the population which

experience poorer than average health outcomes and focuses on five clinical areas, one of which is

COPD.(23)

B.1.3.2.1. Care settings for the management of COPD

The setting of care for patients with COPD varies based on the severity of the disease, individual

needs and available resources; however, COPD is most frequently managed in primary and

community care. All of the possible settings of care are shown below.(33)

1. Primary care (general practice):

o

Most people with COPD initially seek care from their GP. GPs and the primary care
team play a crucial role in diagnosing COPD, providing basic management and
referring patients to specialised services when necessary.

While coverage is far from universal for the five fundamentals of care (Section
B.1.3.2.2) GPs offer advice on lifestyle modifications, smoking cessation and
vaccinations. GPs also prescribe inhaled medications (Table 16) and provide rescue
packs comprising oral steroids and antibiotics. Primary (and community) care may

also see people at the time of exacerbations, and support the use of rescue packs.

2. Community-based services:

@)

Community respiratory teams provide support for COPD patients outside of hospitals.
These teams include respiratory nurses, physiotherapists and other healthcare
professionals.

They typically offer a combination of home visits, smoking cessation, pulmonary
rehabilitation programmes and education on self-management, and oxygen services.

Again, full access to all five fundamentals of care (Section B.1.3.2.2) is challenging in
community settings (Section B.1.4).

3. Hospital outpatient clinics:

O

Respiratory outpatient clinics within hospitals provide specialised care for COPD
patients. Patients attend these clinics for specific reasons, such as medication

adjustments and assessments.

4. Pulmonary rehabilitation centres:

o

These trust-based centres offer structured programmes that combine exercise
training, education and psychological support.

Pulmonary rehabilitation helps improve exercise capacity, reduce symptoms and
enhance HRQoL for patients with COPD.

5. Acute hospital care:

o

For severe exacerbations or complications, COPD patients may require
hospitalisation.
Acute care includes exacerbation management, support for respiratory failure and

close monitoring. It also provides an opportunity to optimise maintenance therapies.
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6. Hospital at home schemes:
o Patients who have an exacerbation or worsening of their COPD can be safely cared
for in 'hospital at home' schemes or discharged from hospital more quickly if they are

rated as low risk on a clinical scoring system called DECAF.(132)

B.1.3.2.2. Treatment pathway for COPD in England

The goals of treatment of COPD are to reduce symptoms and the number and severity of

exacerbations, improve exercise tolerance and health status, and reduce mortality.(3)

NICE has published diagnosis and management guidelines for people 216 years of age with COPD,
which were last updated in July 2019.(7) The NICE guidelines recommend a combination of non-
pharmacological and pharmacological treatment plans, which should be revised and adapted at

regular time intervals based on the patient’s response to treatment.(7)

A more recent international document is also available from GOLD, which was last updated in

2024.(3) GOLD does not refer to itself as a guideline, rather a strategy needing local implementation.

NICE 2019 guidelines

The NICE guidelines lay out five ‘fundamentals of care’ for patients with COPD which are both non-
pharmacological and pharmacological in nature. These are:(7)

1. Offer treatment and support to stop smoking: Smoking cessation is crucial for managing
COPD, as helping patients quit smoking can significantly improve their mortality, lung function
and overall health.

2. Provide pneumococcal and influenza vaccinations: Vaccinations protect against
respiratory infections, which can cause worsening of COPD symptoms including
exacerbations. Pneumococcal and influenza vaccines are recommended for all patients with
COPD.

3. Offer pulmonary rehabilitation, if indicated: Pulmonary rehabilitation programmes include
exercise training, education and support. These practices help improve exercise capacity,
reduce symptoms and enhance HRQoL for people with COPD.

4. Co-develop a personalised self-management plan: Collaborate with patients to create an
individualised self-management plan. This plan should address symptom management,
exacerbation prevention and coping strategies.

5. Optimise treatment for comorbidities: COPD often coexists with other health conditions.
Managing comorbidities effectively is essential for overall wellbeing. Regularly review and

adjust treatment plans based on individual needs.

Provision of these ‘fundamentals’ is not universal across England. For example, according to the NHS
Long Term Plan published in January 2019, pulmonary rehabilitation was only offered to 13% of

eligible patients, with a focus on those with more severe COPD.(130) The most recently published
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survey from Asthma and Lung UK indicates that care for COPD patients has not returned to pre-

pandemic levels and only 17.6% of individuals had received all five fundamentals.(39)
Pharmacological management

Inhaled therapies are recommended for patients who have been offered the appropriate non-
pharmacological interventions but continue to experience breathlessness and exercise limitation,
and/or exacerbations.(7) Before the initiation of inhaled therapies, patients should be trained and able
to demonstrate competency in inhaler use technique.(7) Pharmacotherapy for COPD, inhaler
technique and adherence should be reviewed and adapted regularly based on response.(7)
Pharmacotherapy recommendations by the NICE 2019 guidelines for patients with COPD in England

are outlined in Table 16.

Short-acting B2 and muscarinic antagonists (SABA and SAMA) are recommended as a first step to
relieve breathlessness and exercise limitations.(7) For patients who continue to experience limiting
symptoms and exacerbations, the NICE 2019 guidelines recommend inhaled treatment escalation to
double therapy (LABA + LAMA or LABA + ICS) and then triple therapy (LABA + LAMA + ICS).(7)

The NICE 2019 guidelines recommend consideration of off-label add-on therapy with azithromycin for
COPD non-smokers who continue to experience frequent (i.e., 24 per year) exacerbations, prolonged
exacerbations with sputum production or exacerbations resulting in hospitalisation, despite optimised
non-pharmacological and inhaled therapies, vaccinations and referral for pulmonary rehabilitation.(7)
Roflumilast is recommended in NICE guidance (TA461) as add-on therapy for COPD patients with
chronic bronchitis, FEV1 <50% and =2 exacerbations in the last year, despite triple therapy.(133)
There are currently no therapies recommended in England specifically for patients with COPD with

Type 2 inflammation who continue to exacerbate despite triple therapy.

GOLD 2024 global strategy
The GOLD 2024 global strategy recommends similar non-pharmacological management of COPD as
the NICE 2019 guidelines.(3)

The GOLD 2024 global strategy recommends add-on therapy with azithromycin for non-smokers or
roflumilast for patients with FEV1 <50% and chronic bronchitis, particularly for those with =1 serious
exacerbation in the last year.(3) There are currently no therapies recommended by GOLD specifically

for patients with COPD with Type 2 inflammation who continue to exacerbate despite triple therapy.

Pharmacological treatment recommendations by NICE 2019 and GOLD 2024 are outlined in Table
16.
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Table 16. NICE 2019 and GOLD 2024 treatment guidelines for pharmacological management in COPD

NICE 2019

GOLD 2024

Initial therapy

e SABA or SAMA

Group A:
Group B:

Group E:

All patients should receive a SABA or SAMA for immediate
symptom relief

A bronchodilator (short- or long-acting)
LABA + LAMA2

LABA + LAMA2
Consider LABA + LAMA + ICS? if blood EOS 2300 cells/uL

If patients contin

ue to experience limiting symptoms (dyspnoea) or exacerbations on initi

al maintenance therapy

No asthmatic features/features
suggesting steroid
responsiveness®

Asthmatic features/features
suggesting steroid
responsiveness®

Dyspnoea®

Exacerbations®

Monotherapy

N/A

N/A

LABA or LAMA

LABA or LAMA

Double therapy

LABA + LAMA

LABA + ICS¢

If no improvement:

LABA + LAMA? If EOS <300 cells/pL:

e LABA + LAMA®

If EOS =300 cells/uL consider triple
therapy directly

Consider switching inhaler
device or molecules
Implement or escalate
non-pharmacological
treatment(s)

Investigate (and treat)
other causes of dyspnoea

Triple therapy

Day-to-day symptoms that
adversely impact QoL:
e  Consider 3-month trial of
LABA + LAMA + |CSde
e If no improvement, revert
to LABA + LAMA

One severe or 2 moderate
exacerbations within a year:

e  Offer LABA + LAMA +
ICSde

Day-to-day symptoms that
adversely impact QoL, or 1 severe
or 2 moderate exacerbations within
ayear:

e  Offer LABA + LAMA +
|CSde

N/A

If further exacerbations on double
therapy and EOS =100 cells/pL or
single therapy and EOS =300
cells/pL:

e Consider LABA + LAMA +
ICS2

e Consider de-escalation of
ICS or switch if
pneumonia, inappropriate
original indication, or lack
of response to ICS
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NICE 2019

GOLD 2024

If further exacerbations on double
therapy and EOS <100 cells/uL
consider add-on therapy directly

Add-on therapy

If chronic bronchitis, FEV1 <50% and =2 exacerbation in the last year:
e  Roflumilast

If non-smoker and continue to experience frequent (i.e., 24 per year)
exacerbations despite optimised inhaled treatment (double or triple
therapy):

e Azithromycin (off-label)

If FEV1 <50% and chronic bronchitis, particularly if 21 serious exacerbation
in the last year:

e  Roflumilast

If non-smoker:
e Azithromycin (off-label)

COPD = chronic obstructive pulmonary disease; EOS = eosinophils; FEV1 = forced expiratory volume in 1 second; GOLD = Global Initiative for Chronic Obstructive Ling
Disease; ICS = inhaled corticosteroids; LABA = long-acting 2 agonists; LAMA = long-acting muscarinic antagonists; N/A = not applicable; NICE = National Institute for Health
Care Excellence; QoL = quality of life; SABA = short-acting 2 agonists; SAMA = short-acting muscarinic antagonists

a Single inhaler therapy may be more convenient and effective than multiple inhalers, as well as improving adherence to treatment.

b Asthmatic features/features suggesting steroid responsiveness in this context include any previous secure diagnosis of asthma or atopy, a higher blood EOS count,
substantial (2400 ml) variation in FEV1 over time or substantial (220%) diurnal variation in peak expiratory flow.

¢ These treatment recommendations are not depended on the GOLD ABE assessment diagnosis.
d Be aware of an increased risk of side effects (including pneumonia) in people who take ICS.

¢ Document in clinical records the reason for continuing ICS treatment.
Source: NICE 2019 COPD guidelines(7) and GOLD 2024(3)
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B.1.3.2.3.  Current treatments for patients with uncontrolled COPD with Type 2
inflammation despite treatment with triple therapy

Recommended options beyond triple therapy for patients who continue to experience exacerbations include
add-on treatment with roflumilast or azithromycin.(3, 7) However, both treatments have demonstrated limited
efficacy and tolerability, particularly in patients with uncontrolled COPD and Type 2 inflammation (as measured
by raised EOS).(3, 4, 7-12, 134-137) Market research conducted by Sanofi in the UK in 2023 has shown that

clinicians perceive current treatment options beyond triple therapy to be very limited.(33)

Roflumilast

Roflumilast, a phosphodiesterase-type-4 (PDE4) inhibitor, is indicated as maintenance treatment for severe
COPD (FEV1 <50% predicted) associated with chronic bronchitis in adult patients with a history of frequent
exacerbations as add-on to bronchodilator treatment.(138) NICE guidance (TA461) limits the use of roflumilast
to patients with severe COPD (FEV1 <50% predicted) and two or more exacerbations in the past year despite
triple therapy.(133) In contrast, dupilumab is indicated for adults with uncontrolled COPD (=2 moderate or 21
severe historical exacerbations within 12 months) characterised by raised blood EOS (=300 cells/pL) on triple
therapy (or double therapy when ICS is not appropriate).(1, 2) Roflumilast is contraindicated for patients with
moderate-severe hepatic impairment, and is not recommended for patients with congestive heart failure or a
history of depression associated with suicidal ideation or behaviour, and should be carefully assessed for
patients with existing psychiatric symptoms.(138) The overlap between the roflumilast and dupilumab target
populations is therefore limited, and roflumilast treatment is limited by specific patient contraindications and

precautions.

Despite the availability of the NICE recommendation for roflumilast (TA461) since 2017,(133) very few patients
have been initiated on roflumilast in clinical practice in England. To understand the uptake of roflumilast in
England, we analysed GP prescribing data for the 250 mg presentation of roflumilast,(139) which is used for the
first month of treatment.(138) Based on GP prescribing data for 2020 to 2023, an average of 909 patients per
year initiated roflumilast.(139) To estimate the total number of patients that are eligible for roflumilast based on
the criteria set out in TA461 (FEV1<50% [i.e., grade 3 or 4] and =2 exacerbations in the past 12 months despite
triple inhaled therapy),(133) we used data from an electronic health records study of 340,515 COPD patients in
England, which reported that 8.3% (20,993/251,714) of patients had FEV1<50% and =2 exacerbations, and
18% (59,980/340,515) of patients in the study received triple therapy.(26) Based on 2022/2023 QOF data on
the total number of patients with COPD in England (1,151,474),(56) this results in an estimated 16,916 patients
who should be eligible for roflumilast. In reality, only 909 of these 16,916 patients (5.4%) actually received

roflumilast.

Prescribing data (Figure 10), as well as clinicians we have spoken to, indicate that the vast majority of centres
have only single figures of patients on roflumilast, with some clinicians not having any patients on roflumilast for

over 10 years.
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Figure 10. Prescribing data for roflumilast in England (August 2024)
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The low initiation rate of roflumilast in England reflects a number of limitations of the treatment, particularly with

regards to its efficacy and tolerability.

In the pivotal REACT and RE2SPOND trials, roflumilast showed a reduction in the rate of moderate or severe
exacerbations compared with placebo in patients with blood EOS =300 cells/uL (rate ratio: 0.77; 95% CI: 0.61,
0.97; p=0.0264), but failed to demonstrate a statistically significant reduction in severe exacerbations in this

subgroup (rate ratio: 0.81; 95% CI: 0.52, 1.25; p=0.3379).(140) Additionally, in the ITT populations, roflumilast

had no impact on HRQoL or symptoms (as assessed by CAT score) compared to placebo.(136, 137)

Roflumilast is associated with a high incidence of adverse events (AESs) in both clinical trials and real-world
studies. The most common AEs reported with roflumilast are diarrhoea, nausea, weight loss, insomnia and
depressive mood symptoms.(134, 138, 141-145) In clinical trials and real-world practice, these AEs, particularly
the gastrointestinal effects, have led to high discontinuation rates of approximately 30% and 70%,
respectively.(136, 137, 144, 146) In England, roflumilast is not recommended for use in patients with severe
immunological diseases, severe acute infectious diseases, cancer, congestive heart failure or patients with a
history of depression associated with suicidal ideation or behaviour.(138) Additionally, in 2014, the MHRA
published a drug safety update warning on the risk of suicidal behaviour associated with the use of
roflumilast.(147)
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In real-world studies, the potential benefits of roflumilast as add-on to triple therapy are limited to a minority of
patients due to the substantial proportion of patients who discontinue treatment (up to 70%).(142, 144-146) In
patients with early discontinuation, roflumilast did not demonstrate any reduction in exacerbation rates in real-

world practice.(145)

According to clinicians we have spoken with, the generally low initiation of roflumilast in England is due to a
perception of low efficacy and tolerability, derived from the clinical trial results, real-world evidence and their
own first-hand experiences with roflumilast. Clinicians report weight loss as a particular concern given that
patients with COPD who are underweight or have a low BMI have a poorer prognosis.(148) Low tolerability also
results in high discontinuation rates in those patients who are initiated. Clinicians have stated that most patients
discontinue roflumilast treatment within six months. Specifically, 50% stop due to gastrointestinal side effects
within the first two months, 25% stop within six months due to lack of efficacy, and another 25% stop within six

months due to a lack of perceived benefit and side effects.

As described above, roflumilast discontinuation rates are high in clinical trials, and even higher in real world
evidence studies. To gain insights into treatment duration with roflumilast in real world practice in England, we
analysed prescription data for roflumilast by presentation. Roflumilast is available in two presentations, 250 mg
and 500 mg. The 250 mg tablets are used once daily for the first month as the starting dose, followed by 500
mg daily, subject to tolerability.(138) Data from Open Prescribing for the years 2020 to 2023 for the two
presentations are shown in Table 17.(139) The table indicates an average ratio of 7 between the 250 mg
starting dose and the 500 mg maintenance dose, indicating that on average patients typically remain on
roflumilast for approximately 8 (1+7) months, which is higher but generally in line with the clinicians’ estimates.
Such a short average treatment duration in the real world raises questions regarding the long-term efficacy that

can be achieved with roflumilast, and whether roflumilast represents a viable “maintenance” treatment.

Table 17. Total packs of roflumilast 250 mg and 500 mg

Year Roflumilast 250 mg Roflumilast 500 mg 500:200 mg ratio
2020 677 5,792 8.6
2021 860 6,256 7.3
2022 973 6,958 7.2
2023 1,124 7,356 6.5
Total 3,634 26,362 7.3

Source: Open Prescribing 2024(139)

Azithromycin

Azithromycin, a macrolide antibiotic, is not approved for the treatment of patients with COPD in England.(6)

However, the NICE 2019 guidelines recommend off-label use of azithromycin prophylactically only for patients

who are non-smokers and continue to experience frequent (i.e., 24 per year) exacerbations despite optimised

inhaled treatment (double or triple therapy).(7, 149) Azithromycin should not be prescribed in patients with

severe hepatic impairment, and with caution in patients with mild-moderate hepatic impairment, QT

prolongation, bradycardia, cardiac arrhythmia or severe cardiac insufficiency, electrolyte disturbances and
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severe renal impairment, or myasthenia gravis.(150) There is limited overlap between this population and the

dupilumab label population and azithromycin treatment is limited by specific patient precautions.

Azithromycin places a further time and resource burden on the NHS as it mandates additional testing prior to
prescription (including sputum culture and sensitivity to exclude non-tuberculous mycobacteria, thoracic CT,
electrocardiography for risk of corrected QT interval [QTc] prolongation and baseline liver function testing), as

well as ongoing monitoring to assess the risk/benefit ratio.(7, 149)

As an antibiotic, azithromycin inhibits bacterial protein synthesis.(151) Bacterial infection is associated with
approximately 50% of acute exacerbations of COPD,(152) and therefore prophylactic azithromycin may reduce
the risk of bacterial infection and associated neutrophilic airway inflammation, reducing exacerbation risk.(153)
Even though the specific mechanism of action for azithromycin remains unclear, it does not target the
underlying pathophysiology of COPD.(151) Additionally, long-term treatment with macrolides has been shown
to significantly increase the Type 2 inflammatory mediators (e.g., IL-4, and IL-13) that are targeted by
dupilumab.(154)

Azithromycin lacks specific clinical evidence in patients with uncontrolled COPD (=2 moderate or 21 severe
historical exacerbations within 12 months) and Type 2 inflammation (blood EOS =300 cells/uL; the target
population for dupilumab). Additionally, azithromycin has very limited evidence to support its use as add-on to
triple therapy. The efficacy of azithromycin as add-on to triple therapy has only been assessed in post-hoc
subgroup analyses, with statistically significant reductions in moderate exacerbations but no available evidence
on FEV1 or HRQoL improvement.(4, 5) Overall, there is no clear population or subpopulation identified in which

azithromycin provides added benefit.

Use of azithromycin carries the risk of hearing loss and prolongation of the QTc, and is also associated with a
substantial increase in the development of antimicrobial resistance (AMR) in the individual and populations.(3,
4, 7-12) A meta-analysis of clinical trials in patients with chronic lung diseases demonstrated that treatment with
azithromycin significantly increased the incidence of AMR by 170% vs. placebo.(155) In patients with COPD
specifically, AMR was increased by 270% with azithromycin vs. placebo.(155) Another study found an increase
in resistant bacteria in 81% of COPD patients treated with azithromycin, versus 41% with placebo.(4) A study of
long-term azithromycin usage has suggested that development of AMR may result in waning of efficacy over
time.(156) Supporting this, a study in patients with stable COPD demonstrated that an approximately 6-fold
higher concentration of azithromycin is required to achieve microbicidal effect post-treatment compared with the
concentration required pre-treatment.(12) The specific cost of AMR due to azithromycin in the UK is not readily
available. However, the overall economic burden of AMR in the UK is substantial, adding over £1 billion

annually to healthcare and societal costs.(157)

Macrolide resistance is rapidly inducible, highly transferrable and increasing in prevalence in line with increasing
macrolide prescriptions.(158) The significant risks associated with increasing AMR through continued
inappropriate antibiotic prescribing practices (including those for azithromycin in COPD) are addressed in

multiple national and international programmes that promote antimicrobial stewardship (Section B.3.2.4.3). This
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includes NICE, who offer guidelines (NG15) and a quality standard (QS121) to promote “antimicrobial
stewardship” in England.(159, 160)

B.1.3.2.4. Unmet need

COPD is a debilitating and progressive disease associated with a high clinical (Section B.1.3.1.3), humanistic

(Section B.1.3.1.4) and economic burden (Section B.1.3.1.5), driven by airflow obstruction severity, symptom

burden, and the frequency and severity of exacerbations. Despite treatment with triple inhaled therapy, almost

two-thirds of patients with COPD continue to experience moderate to severe exacerbations:(26, 40)

e Post-hoc analyses of the IMPACT trial showed that, regardless of exacerbation history, 45% to 51% of

patients on triple therapy continued to experience moderate or severe exacerbations.(40)

¢ Ina UK observational database study of patients with COPD aged =40 years who were receiving triple

therapy at baseline (n=59,980), 62% had at least one moderate or severe exacerbation at baseline.(26)

The risk of experiencing moderate or severe exacerbations is even greater in patients with COPD and Type 2
inflammation (raised blood eosinophils).(42) Among patients with COPD who experienced =1 severe or 22
moderate exacerbations despite triple therapy in a UK-based observational study (n=6,480), 37.2% had blood
EOS counts 2250 cells/uL and 20.3% had blood EOS counts =350 cells/uL.(161)

Currently available treatments for patients who continue to experience exacerbations despite triple therapy (or
double therapy if ICS is not appropriate) are non-targeted. Roflumilast, which is only indicated for maintenance
treatment of severe COPD (FEV1 <50% predicted) associated with chronic bronchitis in adult patients with a
history of frequent exacerbations as add-on to bronchodilator treatment,(138) is associated with numerous
gastrointestinal side effects as well as insomnia, depressive mood symptoms and risk of suicidal behaviour,
with discontinuation rates reported to be as high as 67% in real-world practice.(136, 137, 142, 144, 145)
Azithromycin is not licenced for use in COPD and carries the risk of severe AEs as well as high rates of

antibiotic resistance.(4, 8)

There is an unmet need for a targeted, effective and well-tolerated treatment that can provide significant clinical
improvements in exacerbations, lung function, HRQoL and symptoms in patients with uncontrolled COPD. The
unmet need is arguably greater for those patients with Type 2 inflammation (raised blood EOS), who experience
a higher burden and worse prognosis than those without Type 2 inflammation. Dupilumab specifically targets
Type 2 inflammation (blood EOS 2300 cells/uL) and has demonstrated significant benefits broadly across
clinically relevant outcomes in patients who uncontrolled COPD (=2 moderate or =1 severe historical

exacerbations within 12 months) despite triple therapy (Section B.2).

The proposed positioning of dupilumab in the treatment pathway for COPD in England is depicted in Figure 11.
It is anticipated that dupilumab will be used according to licence, as add-on maintenance treatment for
uncontrolled COPD (=1 severe exacerbation or 22 moderate exacerbations) characterised by raised blood EOS

(=300 cells/uL; Type 2 inflammation) on triple therapy (or double therapy if ICS is not appropriate).(1, 2)
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Figure 11. Clinical pathway of care for COPD in England including the proposed positioning of
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“Asthmatic features/features suggesting steroid responsiveness” include previous diagnosis of asthma or atopy, a higher

blood EOS count, substantial variation in FEV1 over time (2400 mL) or substantial diurnal variation in peak expiratory flow
(220%).(7)

COPD = chronic obstructive pulmonary disease; EOS = eosinophils; FEV1 = forced expiratory volume in 1 second; ICS =

inhaled corticosteroids; LABA = long-acting 2 agonists; LAMA = long-acting muscarinic antagonists; QoL = quality of life;
SABA = short-acting 2 agonists; SAMA = short-acting muscarinic antagonists

Source: Adapted from NICE 2019 COPD guidelines(7)
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B.1.4. Equality considerations

COPD is a debilitating disease that disproportionately affects people of certain demographics.(162, 163) Based
on data for 2022/23 published by Public Health England, people from the poorest 10% of households (Index of
Multiple Deprivation Decile 1) were 1.7 times more likely to develop COPD than people from the most affluent
10% of households (Index of Multiple Deprivation Decile 10).(163) Higher levels of social deprivation have also
been associated with an increased risk of exacerbations among patients with COPD in the UK.(88) In England
between March 2021 and January 2023, age-standardised mortality rates due to COPD were highest in the
most deprived areas, among people who had never worked or were in long term unemployment, and men of
Bangladeshi background.(162) Age-standardised mortality rates due to COPD were consistently higher in men

than in women across all regions in England.(162)

There is wide regional variation in outcomes for patients with COPD. For example, the latest atlas of health
variation for respiratory disease (with data from 2015 to 2017 split by clinical commissioning group [CCG])
shows that the mortality rate from COPD ranged from 27.4 to 108.8 per 100,000 population, which is a 4.0-fold
difference between geographical areas (CCGs) with the worst outcomes in the North and Northeast of
England.(17) Note the English average mortality rate for 2015 to 2017 was 52.7 per 100,000 population.(17)

Disparities in care for patients with COPD have also been noted in England. In a 2011 audit of chronic disease
management in London, Black patients were less likely to be prescribed pharmacological treatments including
SABAs, SAMAs, LAMAs and ICS + LABA than patients of White background, while patients with South Asian
heritage were less likely to receive LAMAS than White patients.(164) Black and South Asian patients were also
less likely to be referred for COPD pulmonary rehabilitation than patients of White background.(164) Further,
despite advice that oral corticosteroids (OCS) use should be minimised due to the risks associated with long
term use,(7) a study conducted by Sanofi in collaboration with the York Health Economics Consortium found
that prescribing of OCS was nearly 50% higher in patients with COPD or asthma from the most deprived areas
than in those from the least deprived areas.(165) There is also significant geographic variation in access to
pulmonary rehabilitation across England, with substantially lower provision in the North West than the South
East.(166) Among patients with COPD surveyed by Asthma + Lung UK in 2023 (N=2,748), less than half of
eligible respondents (48%) had received pulmonary rehabilitation; 70% of these patients had not been offered

pulmonary rehabilitation despite being eligible.(166)

This submission does not discriminate against any of these patient groups; however, it is worth noting that the
current lack of licenced, reimbursed, effective treatments with a favourable safety profile in this indication
already places these patients at a significant disadvantage compared to patients with other chronic diseases
(e.g., rheumatology, CVD, diabetes) who have had access to advanced treatments for several years. Therefore,
a NICE recommendation in this indication could have a positive impact on people protected by the equality

legislation.

Clinical experts in England consulted by Sanofi as part of an advisory board meeting in July 2024 confirmed

that there are known inequalities in COPD care in the UK, and noted that introduction of dupilumab has the
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potential to alleviate inequalities in COPD as patients will have equal access to dupilumab across all regions of
the UK (in contrast to pulmonary rehabilitation) and dupilumab will be the first advanced therapy for COPD
(reducing inequalities compared to other chronic diseases have had access to advanced treatments for several

years).(167)
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B.2. Clinical effectiveness

A systematic literature review (SLR) identified two high-quality clinical trials for
dupilumab in the relevant patient population as defined by the NICE scope (i.e.,
BOREAS and NOTUS)

e BOREAS and NOTUS are replicate phase 3, placebo-controlled double-blind, randomised,
multicentre international trials, investigating dupilumab vs. placebo as add-on maintenance
treatment for COPD patients with Type 2 inflammation (blood EOS =300 cells/uL), who are
uncontrolled (=2 moderate or 21 severe historical exacerbations within 12 months) on triple
therapy (LABA + LAMA + ICS).

e The primary endpoint was the annualised rate of moderate or severe COPD exacerbations
over the 52-week treatment period.

¢ The individual and pooled analysis results from both trials are presented in this submission and
have informed the economic analysis.

BOREAS and NOTUS have robustly demonstrated the efficacy of dupilumab in
uncontrolled COPD with Type 2 inflammation.

e Dupilumab resulted in a significant and clinically meaningful reduction of 31% in the annualised
rate of moderate or severe exacerbations compared to placebo. These results were consistent
across the 52 week treatment period.

¢ Dupilumab resulted in a significant and clinically meaningful increase of 83 mL in pre-BD FEV1
at Week 12, compared to placebo. These results were maintained across the 52 week
treatment period.

e Quality of life, as measured by SGRQ, was significantly better with dupilumab treatment
compared to placebo.

e COPD symptoms, as measured by E-RS: COPD, were significantly improved with dupilumab
treatment compared to placebo.

The safety profile of dupilumab is acceptable and consistent with existing safety
data in patients with atopic dermatitis, asthma and chronic rhinosinusitis with nasal
polyps (CRSWNP)

¢ Inthe BOREAS and NOTUS trials, dupilumab demonstrated a favourable benefit-risk and
tolerability profile in COPD.

e Dupilumab has an established robust safety profile, validated by clinical trials and further
supported by real-world safety data across multiple indications, with no new safety signals
identified in patients with COPD.

The consistency of outcome results between the two trials, and in the combined
analysis, are confirmatory of the efficacy observed. Additionally, positive outcomes
across multiple domains; exacerbation risk, lung function, symptoms and quality of
life, are indicative of a treatment that effectively targets the underlying drivers of
disease in these patients (Type 2 inflammation).

Dupilumab has the potential to generate a significant step-change in the effective
treatment of uncontrolled COPD with Type 2 inflammation, providing meaningful
benefits to a burdened patient population with limited treatment options.




B.2.1.

Identification and selection of relevant studies

A systematic literature review (SLR) was conducted with a cut-off date of August 2024, to identify

studies reporting on the clinical efficacy and safety of dupilumab and its comparators in adults with

COPD and raised blood EOS (=300 cells/uL) who are uncontrolled on triple therapy (long-acting B2-

agonist [LABA] + long-acting muscarinic antagonist [LAMA] + ICS) or double therapy (LABA + LAMA)
if ICS is not appropriate (Appendix D.1).

A total of 3,136 publications were identified in the database searches and following removal of

duplicates, 2,542 publications underwent title and abstract screening. Overall, 210 publications were

selected for full-text screening and 13 publications were included in the SLR. These 13 publications

reported data from four primary RCTSs, three post-hoc analyses of RCTs and five post-hoc pooled
analyses of RCTs. Among the RCTs identified, two investigated dupilumab (BOREAS and NOTUS)

and are described in detail below.

B.2.2.

List of relevant clinical effectiveness evidence

Two replicate phase 3 RCTs, BOREAS (NCT03930732) and NOTUS (NCT04456673), support the

use of dupilumab as add-on maintenance treatment for adults with uncontrolled COPD (=2 moderate

or 21 severe historical exacerbations within 12 months) and Type 2 inflammation (blood EOS =300
cells/pL) on triple therapy (LABA + LAMA + ICS) or double therapy (LABA + LAMA) if ICS is not
appropriate (168, 169) A summary of the BOREAS and NOTUS trials is provided in Table 18.

Table 18. Clinical effectiveness evidence

Study

BOREAS (NCT03930732)

NOTUS (NCT04456673)

Study design

Phase 3, placebo-controlled, double-
blind, randomised multicentre,
international trial

Phase 3, placebo-controlled, double-
blind, randomised multicentre,
international trial

Population

Participants aged 40 to 80 years with
moderate-to-severe COPD with
evidence of Type 2 inflammation (blood
EOS =300 cells/pL) who are
uncontrolled (=2 moderate or 21 severe
historical exacerbations within 12
months) on LABA + LAMA + ICS (or
LABA + LAMA if ICS is not appropriate)

Participants aged 40 to 85 years with
moderate-to-severe COPD with
evidence of Type 2 inflammation (blood
EOS =300 cells/pL) who are
uncontrolled (=2 moderate or 21 severe
historical exacerbations within 12
months) on LABA + LAMA + ICS (or
LABA + LAMA if ICS is not appropriate)

Intervention(s)

Dupilumab SC 300 mg g2w +
background therapy (triple therapy or
double therapy if ICS is not
appropriate)

Dupilumab SC 300 mg g2w +
background therapy (triple therapy or
double therapy if ICS is not
appropriate)

Comparator(s)

Placebo gq2w + background therapy
(triple therapy or double therapy if ICS
is not appropriate)

Placebo q2w+ background therapy
(triple therapy or double therapy if ICS
is not appropriate)

Indicate if study
supports application for
marketing authorisation

Yes

Yes
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Study

BOREAS (NCT03930732)

NOTUS (NCT04456673)

used in model

Indicate if study used in | Yes Yes
the economic model
Rationale if study not N/A N/A

Reported outcomes
specified in the
decision problem

Primary efficacy endpoint:

e Annualised rate of
moderate or severe COPD
exacerbations over the 52-
week treatment period?

Key secondary efficacy endpoints:

e Change from baseline to
Week 12 and Week 52 in
pre-BD FEV:1

e Change from baseline to
Week 52 in SGRQ total
score®

e  Proportion of participants with
an improvement in SGRQ
score of 24 points (MCID)
from baseline to Week 52

Other secondary efficacy endpoints:

e Change from baseline to
Weeks 2, 4, 8, 24, 36 and 44
in pre-BD FEV1

e Change from baseline to
Weeks 2, 4, 8, 12, 24, 36 and
52 in post-BD FEV1

e Change from baseline to
Weeks 2, 4, 8, 12, 24, 36, 44
and 52 in FEF 25-75%

e Annualised rate of severe
COPD exacerbations over
the 52-week treatment
period

e Time to first moderate or
severe COPD exacerbation
during the 52-week treatment
period

Tertiary/exploratory efficacy endpoints:

Primary efficacy endpoint:

e Annualised rate of moderate
or severe COPD
exacerbations over the 52-
week treatment period?

Key secondary efficacy endpoints:

e Change from baseline to
Week 12 and Week 52 in
pre-BD FEV:1

e Change from baseline to
Week 52 in SGRQ total
score®

e Proportion of participants with
an improvement in SGRQ
score of 24 points (MCID)
from baseline to Week 52

Other secondary efficacy endpoints:

e Change from baseline to
Weeks 2, 4, 8, 24, 36 and 44
in pre-BD FEV1

e Change from baseline to
Weeks 2, 4, 8, 12, 24, 36 and
52 in post-BD FEV1

e Change from baseline to
Weeks 2, 4, 8, 12, 24, 36, 44
and 52 in FEF 25-75%

e Annualised rate of severe
COPD exacerbations over
the 52-week treatment
period

e Time to first moderate or
severe COPD exacerbation
during the 52-week treatment
period

Tertiary/exploratory efficacy endpoints:

e Annualised loss of lung
function as assessed by a
FEV1 slope analysis

e Change from baseline to
Weeks 12, 24 and 52 in FVC

e Evaluation of clinical COPD
respiratory symptoms using
E-RS: COPD in the EXACT
tool®

e Annualised rate of COPD
exacerbations assessed by
the EXACT tool over 52
weeks

e Time to first severe COPD
exacerbation during the 52-
week treatment period

e Annualised loss of lung
function as assessed by a
FEV1 slope analysis

e Change from baseline to
Weeks 12, 24 and 52 in FVC

e Evaluation of clinical COPD
respiratory symptoms using
E-RS: COPD in the EXACT
tool°®

e Annualised rate of COPD
exacerbations assessed by
the EXACT tool over 52
weeks

e Time to first severe COPD
exacerbation during the 52-
week treatment period

e Change from baseline in
EQ-5D-5L single index
score and EQ VAS score at
Week 24 and Week 52
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Study BOREAS (NCT03930732) NOTUS (NCT04456673)
Safety endpoints: Safety endpoints:
o AES/TEAEs * AES/TEAEs
e Potentially clinically significant * Potentially clinically significant
laboratory abnormalities in laboratory abnolrmalltle's in
haematology, biochemistry haematology, biochemistry
and urinalysis and urinalysis
e  ADA against dupilumab e ADA against dupilumab
All other reported Tertiary/exploratory efficacy endpoints: | Tertiary/exploratory efficacy endpoints:
outcomes e Increase in number of e Increase in number of
controller medication after controller medication after
exacerbation exacerbation
e Increase in patient total daily e Increase in patient total daily
dose of controller medication dose of controller medication
after exacerbation after exacerbation

a Moderate exacerbations defined as exacerbations requiring systemic glucocorticoid treatment and/or antibiotic
treatment. Severe exacerbations defined as those requiring hospitalisation or emergency department visit, or
resulting in death. For both moderate and severe exacerbations to be counted as separate events, they must
have occurred 214 days apart.

b Score range: better (0) to worse (100) quality of life; MCID = 4 points.

¢ Score range: less (0) to more (40) severe respiratory symptoms.

ADA = anti-drug antibody; AE = adverse event; BD = bronchodilator; COPD = chronic obstructive pulmonary
disease; EOS = eosinophils; E-RS: COPD = Evaluating Respiratory Symptoms in COPD; EXACT =
Exacerbations of Chronic Pulmonary Disease Tool; FEF = forced expiratory flow; FEV1 = forced expiratory
volume in 1 second; FVC = force vital capacity; ICS = inhaled corticosteroids; LABA = long-acting Bz-agonist;
LAMA = long-acting muscarinic antagonist; MCID = minimum clinically important difference; N/A = not applicable;
g2w = every two weeks; SC = subcutaneous; SGRQ = St. George’s Respiratory Questionnaire; TEAE =
treatment emergent adverse event

Source: Bhatt et al. 2023(168); Bhatt et al. 2024(169)
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B.2.3. Summary of methodology of the relevant clinical effectiveness evidence

B.2.3.1. Study methodology

A summary of the study designs and methodology of the BOREAS (NCT03930732) and NOTUS (NCT04456673) trials is presented in Table 19. Note, EQ-
5D-5L data were only collected at baseline in BOREAS, while in NOTUS, EQ-5D data were collected at baseline, Week 24 and Week 52.(168, 169)

Table 19. Comparative summary of trial methodology

Finland, Germany, Hungary, Israel, Italy, Japan, Republic of Korea,
Mexico, Poland, Romania, Russian Federation, Slovakia, Spain,
Sweden, Turkey, Ukraine, United States

Trial number BOREAS (NCT03930732) NOTUS (NCT04456673)
(acronym)
Location Argentina, Bulgaria, Canada, Chile, China, Czech Republic, Denmark, Argentina, Australia, Belgium, Brazil, Bulgaria, Canada, Chile,

Colombia, Czech Republic, France, Germany, Greece, Hungary, Latvia,
Lithuania, Mexico, Netherlands, Peru, Poland, Portugal, Romania,
Russian Federation, Serbia, Slovakia, South Africa, Spain, Ukraine,
United Kingdom, United States

Trial design Phase 3, placebo-controlled, double-blind, randomised multicentre,
international trial

Phase 3, placebo-controlled, double-blind, randomised multicentre,
international trial

Eligibility criteria for | Key inclusion criteria:
participants

e Patients aged >40 to <80 years at the time of signing the
informed consent

e Physician diagnosis of COPD

e  Current or former smokers with a smoking history of 210 pack-
years

e Moderate-to-severe COPD (post-BD FEV1/FVC <0.7 and post-
bronchodilator FEV1 % predicted >30% and <70%)

e MRC dyspnoea score of grade 222

e Patient-reported history of signs and symptoms of chronic
bronchitis (chronic productive cough) for 3 months in the year
up to screening in the absence of other known causes of
chronic cough

¢ Documented history of high exacerbation risk defined as
exacerbation history of 22 moderate® or 21 severe® within the
year prior to inclusion

o 21 exacerbation occurring while on treatment with LABA
+ LAMA + ICS (or LABA + LAMA, if ICS was not
appropriate

Key inclusion criteria:

e Patients aged >40 to <85 years at the time of signing the
informed consent

e Physician diagnosis of COPD
Current or former smokers with a smoking history of =210 pack-
years

e Moderate-to-severe COPD (post-BD FEV1/FVC <0.7 and post-
bronchodilator FEV1 % predicted >30% and <70%)
MRC dyspnoea score of grade =22

e Patient-reported history of signs and symptoms of chronic
bronchitis (chronic productive cough) for 3 months in the year
up to screening in the absence of other known causes of
chronic cough

¢ Documented history of high exacerbation risk defined as
exacerbation history of 22 moderate® or 21 severe® within the
year prior to inclusion

o 21 exacerbation occurring while on treatment with LABA
+ LAMA + ICS (or LABA + LAMA, if ICS was not
appropriate)
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o One of the two required moderate exacerbations has to
require the use of systemic corticosteroids

e Background triple therapy (LABA + LAMA + ICS) for 3 months
prior to randomisation with a stable dose of medication for 21
month prior to Visit 1. Double therapy (LABA + LAMA) allowed
if ICS not appropriate

e Blood EOS 2300 cells/pL (evidence of Type 2 inflammation) at
screening

Key exclusion criteria:

e COPD diagnosis for <12 months prior to randomisation

e  Current or prior asthma diagnosis

¢ Significant non-COPD pulmonary diseases or another
diagnosed pulmonary or systemic disease associated with
elevated peripheral EOS counts

e  Cor pulmonale or signs of right-sided heart failure

e Treatment with oxygen of more than 12 hours per day

e Hypercapnia with bi-level ventilation

e Acute COPD exacerbation or respiratory tract infection <4
weeks prior to or during screening

e History of, or planned pneumonectomy or lung volume
reduction surgery

e Initiation of a pulmonary rehabilitation programme <4 weeks
before screening

e Diagnosis of a-1 anti-trypsin deficiency

e History of clinically significant renal, hepatic, cardiovascular,
metabolic, neurologic, haematologic, ophthalmologic,
respiratory, gastrointestinal, cerebrovascular, substance and/or
alcohol abuse, prior history of malignancy or active malignancy
within 5 years prior to baseline, or other significant medical
illness or disorder which, in the judgement of the investigator,
could interfere with the study or require treatment that might
interfere with the study

e Patients with active autoimmune disease or patients using
immunosuppressive therapy for autoimmune disease

o  One of the two required moderate exacerbations has to
require the use of systemic corticosteroids

e Background triple therapy (LABA + LAMA + ICS) for 3 months
prior to randomisation with a stable dose of medication for 21
month prior to Visit 1. Double therapy (LABA + LAMA) allowed
if ICS not appropriate

e Blood EOS 2300 cells/uL (evidence of Type 2 inflammation) at
screening

Key exclusion criteria:

e COPD diagnosis for <12 months prior to randomisation
Current or prior asthma diagnosis
Significant non-COPD pulmonary diseases or another
diagnosed pulmonary or systemic disease associated with
elevated peripheral EOS counts
Cor pulmonale or signs of right-sided heart failure
Long-term treatment with oxygen >4.0 L/min or >2.0 L/min
required in order to maintain oxygen saturation >88%
Hypercapnia with bi-level ventilation
Acute COPD exacerbation or respiratory tract infection <4
weeks prior to or during screening

e History of, or planned pneumonectomy or lung volume
reduction surgery

¢ Initiation of a pulmonary rehabilitation programme <4 weeks
before screening
Diagnosis of a-1 anti-trypsin deficiency

e History of clinically significant renal, hepatic, cardiovascular,
metabolic, neurologic, haematologic, ophthalmologic,
respiratory (apart from COPD), gastrointestinal,
cerebrovascular, substance and/or alcohol abuse, prior history
of malignancy or active malignancy within 5 years prior to
baseline, or other significant medical illness or disorder which,
in the judgement of the investigator, could interfere with the
study or require treatment that might interfere with the study

e Patients with active autoimmune disease or are using
immunosuppressive therapy for an autoimmune disease
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Settings and
locations where the
data were collected

275 sites in 24 countries

329 sites in 29 countries

Trial drugs

Participants were randomised (1:1) to receive either:
e Dupilumab SC 300 mg g2w (n=468)
e Matching placebo g2w (n=471)

Administered for 52 weeks as add-on to background therapy (LABA +
LAMA + ICS, or LABA + LAMA if ICS is not appropriate)

Participants were randomised (1:1) to receive either:
e  Dupilumab SC 300 mg g2w (n=470)
e  Matching placebo g2w (n=465)

Administered for 52 weeks as add-on to background therapy (LABA +
LAMA + ICS, or LABA + LAMA if ICS is not appropriate)

Permitted and
disallowed
concomitant
medication

Permitted:

e Maintenance treatment at a stable dose with LABA + LAMA +
ICS
e Systemic corticosteroids in the event of acute exacerbation for
<6 weeks
¢ Rescue medication with SABA and/or short-acting
antimuscarinics (e.g., atrovent)
Prohibited:

e Any biologic agent within 5 half-lives (6 months if half-life
unknown) of study entry and throughout study

e  PDE-4 inhibitors or theophylline unless stable >6 months
before screening

¢ New chronic macrolide ant