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BACKGROUND/OBJECTIVES: Diabetic macular oedema (DMO) is a leading cause of blindness in developed countries, with
significant disease burden associated with socio-economic deprivation. Distributional cost-effectiveness analysis (DCEA) allows
evaluation of health equity impacts of interventions, estimation of how health outcomes and costs are distributed in the
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population, and assessments of potential trade-offs between health maximisation and equity. We conducted an aggregate DCEA

to determine the equity impact of faricimab.

METHODS: Data on health outcomes and costs were derived from a cost-effectiveness model of faricimab compared with
ranibizumab, aflibercept and off-label bevacizumab using a societal perspective in the base case and a healthcare payer
perspective in scenario analysis. Health gains and health opportunity costs were distributed across socio-economic subgroups.

Health and equity impacts, measured using the Atkinson inequality index, were assessed visually on an equity-efficiency impact

plane and combined into a measure of societal welfare.
RESULTS: At an opportunity cost threshold of £20,000/quality-adjusted life year (QALY), faricimab displayed an increase in net

health benefits against all comparators and was found to improve equity. The equity impact increased the greater the concerns for

reducing health inequalities over maximising population health. Using a healthcare payer perspective, faricimab was equity
improving in most scenarios.

CONCLUSIONS: Long-acting therapies with fewer injections, such as faricimab, may reduce costs, improve health outcomes and
increase health equity. Extended economic evaluation frameworks capturing additional value elements, such as DCEA, enable a
more comprehensive valuation of interventions, which is of relevance to decision-makers, healthcare professionals and patients.
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INTRODUCTION

Diabetic macular oedema (DMO) is a complication of diabetic
retinopathy (DR) affecting around 7% of diabetic patients in
England [1]. DMO is one of the leading causes of blindness among
people of working age in developed countries [2], and prevalence
trends for diabetes and diabetic eye conditions are on the rise [3].
Based on the National Diabetes Audit, the prevalence of diabetes
—and thus DMO—is higher in more socio-economically deprived
areas of England, driven by type 2 diabetes [4].

In many jurisdictions, decision-making about funding new
healthcare interventions is informed by a cost-effectiveness
analysis (CEA) that seeks to maximise population health under
budget constraints. Additional elements of value, which are often
overlooked or underappreciated, have been proposed to broaden
the valuation of pharmaceuticals; these include disease severity,
societal costs (productivity, indirect costs), impact on caregivers,

health equity or value of hope [5, 6]. CEAs can be augmented to
incorporate a quantitative assessment of these additional value
elements.

Health inequities are systematic, avoidable and unfair differ-
ences in health outcomes observed across populations [7].
Distributional cost-effectiveness analysis (DCEA) builds on CEA
to quantify the health equity impact of recommending new
interventions and evaluate potential trade-offs between health
maximisation and reduction of unfair variations in health.

The National Institute for Health and Care Excellence (NICE)
have set out to tackle disparities in health in England, making it a
priority in their strategy for the period of 2021-2026 [8].
Implementation of DCEA is currently being explored by NICE to
support the development of technology appraisal (TA) guidance.

We aimed to conduct an aggregate DCEA from an English
National Health Service (NHS) perspective to determine the equity
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impact of faricimab for the treatment of DMO and capture its
value more comprehensively.

DIABETIC MACULAR OEDEMA BURDEN AND EQUITY
Diabetes

An estimated 3.2 million people are living with diabetes in
England, based on the latest National Diabetes Audit [4, 9].
Diabetes is more prevalent in areas of higher deprivation due to
risk factors such as obesity, physical inactivity, smoking and low
birth weight all associated with low socio-economic status [10].
Based on the National Diabetes Audit, 24% of people from the
most deprived quintiles have type 2 diabetes, compared with
15% for people from the least-deprived areas [4]. There was no
difference in type 1 diabetes prevalence by socio-economic
deprivation [4]. Diabetes, particularly type 2 diabetes, dispropor-
tionately affects ethnic minorities within the United Kingdom
(UK), including Asian and Black ethnic groups [11-13]. People
from Asian (15.7%) and Black (15.2%) ethnic groups are more
likely to be living in England’s most deprived 10% of neighbour-
hoods compared with their White counterparts (9.0%) [14],
suggesting that deprivation is associated with diabetes.

Diabetes management requires frequent appointments with
healthcare professionals, which may be challenging for patients
of working age. Additionally, deprivation is documented to
negatively impact access to health services. The 2020-21 National
Diabetes Audit found that deprivation was associated with a
reduced likelihood of receiving all eight care processes for
diabetes prevention and management [15]. Due to poorer disease
management, patients from more deprived neighbourhoods are
more likely to have poor glycaemic control [16], increasing risks of
diabetic complications such as diabetic kidney disease, cardio-
vascular disorders and diabetic eye disease [17, 18].

Along with physical comorbidities, patients with diabetes often
have mental health challenges. A systematic review showed
patients with type 2 diabetes had a 25% greater risk of depression
than the general population, and 40% of patients with diabetes
also had anxiety symptoms [19].

Diabetic retinopathy and diabetic macular oedema

DR and DMO are ocular complications of diabetes leading to
vision impairment. Simply stated, DMO is caused by swelling of
the macula. Diabetic eye disease is one of the leading causes of
blindness in adults of working age in most developed economies
[2, 20], and the second most likely cause of blindness after
inherited retinal disorders in England and Wales [21].

DMO is more prevalent among patients living in areas of higher
deprivation because of the link with diabetes and risk factors such
as poor glycaemic control and longer duration of disease, which
may be more prevalent in lower socio-economic groups [16, 22].

A recent large real-world study in the UK showed that patients
with diabetes living in more deprived areas are more likely to
present with severe sight impairment upon the first visit to hospital
eye services compared with those in more affluent areas [23].

The Diabetic Eye Screening Programme of the NHS provides
regular photographic eye checks to diabetes patients over the
age of 12, with the aim of early detection and referral for signs of
DR, damages to the retina, to prevent progression to a sight-
threatening stage [24]. One to two million patients with diabetes
are screened in England each year [25, 26], avoiding vision loss
and blindness for many [27]. However, there are still high levels of
non-attendance, with uptake varying between 70% and 80%
[25, 26], particularly in areas of higher deprivation as demon-
strated in multiple retrospective real-world studies [28-30].

Diabetic macular oedema management and treatment

Optimal management of diabetic eye disease can be achieved by
early diagnosis via screening programmes and holistic care of
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diabetes. A multidisciplinary team of healthcare professionals
including diabetologists, ophthalmologists, general practitioners
and diabetes specialist nurses is needed to provide coordinated care,
supporting and educating patients to optimise glycaemic and blood
pressure control to reduce the risk of diabetes complications [31].

Anti-vascular endothelial growth factor (anti-VEGF) adminis-
tered by intravitreal injection is the most common first-line
therapy in DMO for patients with central retinal thickness
>400 pm [32]. The burden of intravitreal injection and require-
ment for life-long therapy due to the chronic nature of the
disease, with frequent administrations at treatment initiation
although this tends to reduce in the long-term, create a
significant treatment burden to patients. This may result in a
barrier to treatment adherence and persistence in clinical practice
with consequences on real-world health outcomes; however, this
is not typically reflected in randomised clinical trials. A real-world
evidence study investigated the usage of aflibercept in UK clinical
practice and found rates of loss to follow-up of 10% at year one
and 29% at year three [33]. Additionally, they reported that socio-
economic deprivation was associated with higher rates of loss to
follow-up but not the number of injections received or
improvement in visual acuity [33]. Another retrospective study
investigating treatment patterns with anti-VEGF reported treat-
ment discontinuation of 28% after 2 years [34]. Similar patterns
have been observed across Europe and the United States [35-37].

Frequent injections create capacity constraints on ophthalmol-
ogy services, which are the busiest outpatient speciality in NHS
England [38], leading to delayed treatment or increased costs for
healthcare services to manage such demand, including private
clinics or out-of-hour additional clinical session costs. Since the
2008 introduction of ranibizumab, the first anti-VEGF therapy
recommended by NICE, the number of injections to treat DMO
and other eye disorders in NHS England is on the rise, with an
estimated increase of 215% between 2010-2011 and 2014-2015.
The cost of ranibizumab and aflibercept was estimated to be £447
million in 2015-2016, not accounting for commercial in con-
fidence discount rates [39].

Faricimab (Vabysmo®) is the first dual-pathway-inhibitor of
angiopoietin-2 and vascular endothelial growth factor-A designed
for intraocular use. It demonstrated sustained efficacy using a
treat and extend (T&E) regimen with an initial loading phase
followed by individualised dosing intervals of up to 16 weeks
compared with aflibercept (Eylea®) administered every 8 weeks in
two non-inferiority phase 3 double-blind randomised trials
(YOSEMITE and RHINE) [40]. NICE recommended faricimab for
the treatment of DMO for patients with central retinal thickness
>400 um in 2022 and listed it as an opportunity to increase
productivity of the healthcare system, via a reduction in clinical
appointments [41].

Faricimab T&E dosing may reduce eye treatment burden for
patients and healthcare systems, with the potential to reduce
costs, improve health outcomes in clinical practice and improve
health equity.

DISTRIBUTIONAL COST-EFFECTIVENESS ANALYSIS METHODS
Funding new interventions in a healthcare setting managed under
a fixed budget is achieved by disinvesting other services. Changes
in population health are thus the result of the health benefits
derived from the new funded therapies and the health losses due
to the disinvestment of services, also called health opportunity
cost. CEA is concerned with efficiency, looking at the average
impact of introducing new interventions in the system. In a DCEA,
the underlying objective is to evaluate which population groups
“gains” and which “losses” and by how much. This is achieved by
first estimating the distribution of the health benefits and health
opportunity costs, which are summed up to get the distribution of
the net health benefit (NHB). This is the distributional impact of the
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Table 1.
Faricimab T&E vs
ranibizumab PRN

Incremental QALYs 0.36 0.16

Societal perspective

Incremental costs —£5483 —£9655
Incremental net health 0.63 0.64
benefit

Healthcare payer perspective
Incremental costs £2854 —£5498
Incremental net health 0.22 0.43

benefit

Faricimab T&E vs
aflibercept PRN

Health benefits and costs inputs based on a cost-effectiveness model of faricimab.

Faricimab T&E vs off-label
bevacizumab PRN

Faricimab T&E vs
ranibizumab T&E

0.39 0.36
£3478 —£5478
0.22 0.63
£6518 —£2438
0.06 0.48

The cost-effectiveness model underlying these inputs was developed by F. Hoffman-La Roche Ltd (Basel, Switzerland). Incremental net health benefits have been
calculated based on the base-case opportunity cost threshold of £20,000 per quality-adjusted life year.

QALY quality-adjusted life year, PRN pro re nata, T&E treat and extend.

new intervention, which is added to a baseline health distribution
to assess the resulting changes in the distribution of population
health. Then, equity impacts and potential trade-offs between
health maximisation and reduction of health inequalities can be
evaluated [42]. A schematic diagram of the method is presented in
in the Supplementary Materials (A2).

An aggregate DCEA approach was adopted using average costs
and health outcomes from a CEA to derive the distributions of the
health benefits and health opportunity costs in the population
[43].

Simulation of population health distributions

Differences in health of concern in the present analysis were
those between socio-economic subgroups. The English index of
multiple deprivation (IMD) measures relative levels of socio-
economic deprivation for small areas in England (about 1500
residents), combining seven domains of deprivation (income,
employment, education, health, crime, housing and living
environment). The population is grouped into five quintiles.

The baseline distribution of population health by IMD quintiles
was taken from a study by Love-Koh et al. [44], who estimated the
social distribution of quality-adjusted life expectancy (QALE) at
birth in England.

Data on health benefits and costs were derived from a CEA
conducted by F. Hoffman-La Roche Ltd, which is described in full
elsewhere [45]. The CEA uses an English NHS and personal social
services perspective to compare faricimab (28.8 mg vial=
£857.00) [46] with ranibizumab (2.3 mg vial = £551.00) [47] and
aflibercept (4.0mg vial = £816.00) [48], which are treatments
recommended by NICE [49-51], and off-label bevacizumab
(100.0 mg vial = £242.66) [52], based on cost per vial (no vial
sharing based on the drug labels in England) (Table 1). In line with
UK clinical practice, aflibercept and ranibizumab are administered
every 4 weeks during an initial loading phase and then as
required (pro re nata [PRN]). An additional T&E ranibizumab
comparator was included in scenario analysis because this
regimen is sometimes used in NHS England. Despite intravitreal
bevacizumab not being licensed for the treatment of any retinal
condition, including DMO, it is commonly used off label in
international clinical practice because of its low price. Off-label
bevacizumab PRN is occasionally used to treat patients with DMO
in NHS hospitals in England and was included as a scenario
analysis. Effectiveness data were informed by the YOSEMITE and
RHINE randomised trials and a network meta-analysis [40, 51]. It
was estimated that 8.4-9.9 injections are required in the first year
depending on the regimen, 4.9-5.5 in the second year and
around 2 injections from year three onwards. Details are
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presented in the Supplementary Materials (A1). A societal
perspective, including productivity gains and informal care costs,
was adopted in the base case and a healthcare payer perspective
was explored in a sensitivity analysis.

Data on the target patient population were extracted from a
combination of sources (Table 2). Diabetes prevalence data in the
adult population were informed by the Quality and Outcomes
Framework 2021-2022 [9], and diabetes cases by IMD were taken
from the National Diabetes Audit [4]. DMO prevalence statistics
were informed by literature [1]. The eligibility criteria for faricimab
were taken from the NICE TA [51].

The opportunity cost threshold, representing the cost per
quality-adjusted life year (QALY) foregone because of displacing
resources in the NHS, was aligned with the lower bound of the
standard NICE cost-effectiveness threshold range: £20,000/QALY,
in line with previous studies [42]. Sensitivity analyses were
conducted, including a threshold value of £15,000/QALY, used by
the English Department for Health and Social Care [53] and
£30,000/QALY, the upper bound of the NICE threshold range. The
distribution of health opportunity costs by IMD was informed by
literature [54].

Evaluation of equity impacts and potential trade-offs
An equity-efficiency impact plane was plotted, where the x-axis
was the population health equity impact and the y-axis was the
incremental population NHB, to map out potential trade-offs
between health and equity maximisation. Equity impacts were
measured using the Atkinson inequality index [55], which
explicitly captures societal preferences to forego some of the
population health to reduce health inequalities, through an
inequality aversion parameter (IAP). Based on a recent study, the
Atkinson IAP for the general population of England is of 10.95
(95% confidence interval, 10.95-10.95), implying that health
benefits accrued in the most deprived quintiles were valued
seven times as highly as health benefits in the least-deprived
quintiles. The equally distributed equivalent health (EDEH) of a
distribution is the level of health per person that, if equally
distributed across the population, would give the same level of
societal welfare as the current unequal distribution [56]. An
illustration of the EDEH is presented in the Supplementary
Materials (A2). EDEH is a measure of societal welfare calculated by
combining the Atkinson index with the mean level of health in
the distribution, providing an equity-weighted summary measure
of the population distribution of health.

Scenario analyses were conducted altering the health oppor-
tunity costs threshold, the IAP and the cost-effectiveness model
perspective.

SPRINGER NATURE
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Calculated (see Supplementary Materials A2)

Love-Koh et al. [44]
Love-Koh et al. [54]

Source

IMD5 (least deprived)
75.00

14%
15%

IMD4

73.10
16%
18%

IMD3

69.95
22%
21%

IMD2
DMO diabetic macular oedema, IMD index of multiple deprivation, QALE quality-adjusted life expectancy.

67.61
22%
22%

IMD1 (most deprived)

63.21
26%
24%

Population/disease distributional inputs.
Baseline distribution of health (QALE)
Health opportunity costs distribution

Proportion of DMO cases

Table 2.

SPRINGER NATURE

RESULTS

It was estimated that visual impairment due to DMO in England
affects 86,393 people, of whom 4179 would be eligible for
treatment with faricimab T&E each year; 24% would live in the
most deprived areas (IMD1) and 15% in the most affluent (IMD5).
Detailed calculations are presented in the Supplementary
Materials (A3).

Plotted on the equity-efficiency impact plane faricimab T&E
was both health and equity improving against all comparators
under the base-case assumptions (top-right quadrant) (Fig. 1).

Compared with ranibizumab PRN, faricimab T&E displayed an
increase in population NHB, of 2650 QALYs, an increase in societal
welfare (capturing changes in both health and equity), measured
by the change in EDEH, of 2994 QALYs, and an equity impact
(difference between the equity-weighted population health
[EDEH] and the population health [QALE]) of 344 QALYs,
representing the increase in societal welfare attributable to the
reduction of inequalities (Table 3). Compared with aflibercept
PRN, the reduction of health inequalities was equivalent to 391
QALYs.

Scenario analyses demonstrated that faricimab T&E was both
health and equity improving compared with off-label bevacizu-
mab PRN and ranibizumab T&E, leading to an increase in societal
welfare and a reduction of health inequalities of 62 QALYs and
344 QALYs, respectively.

Varying the Atkinson IAP between 0 (no equity weighting,
incremental EDEH = incremental NHB) and 20, the equity impact
of faricimab was positive and increased with larger value of IAP,
as health gains among the most deprived are valued more highly
(Fig. 2).

Varying the opportunity cost threshold changed the size of the
health and equity impacts but not the direction, faricimab T&E
remained health and equity improving against all four compara-
tors. Detailed results are presented in Supplementary Materials
(A5). Under a healthcare perspective and at an opportunity cost
threshold of £20,000/QALY, faricimab T&E was health and equity
improving against ranibizumab PRN, aflibercept PRN and
ranibizumab T&E. Compared with bevacizumab PRN, which is
infrequently used off label in NHS care, faricimab T&E involved a
trade-off between health maximisation and reduction of health
inequalities. At the base-case Atkinson IAP value of 10.95,
faricimab improved societal welfare against all four comparators.
Detailed results of adopting a healthcare payer perspective are
presented in Supplementary Materials (A6).

DISCUSSION

We assessed the equity impact of adopting faricimab in NHS
England compared to existing treatments. We found that
faricimab T&E was health and equity improving against all
comparators under a societal perspective and at an opportunity
cost threshold of £20,000/QALY, driven by faricimab T&E having a
positive incremental NHB and the patient distribution being
skewed toward the most deprived quintiles. The results were
sensitive to the value of the opportunity cost threshold despite
the small patient numbers. In a scenario analysis, using a
healthcare payer perspective, faricimab T&E compared with off-
label bevacizumab PRN improved societal welfare, implying that
the increase in total population health compensated for the
increase in health inequities at the chosen level of equity
aversion.

We attempted to replicate the standard of care in NHS clinical
practice in England, including a range of treatments and dosing
regimens, of which bevacizumab PRN which is available at low
cost and used off label in ophthalmology departments occasion-
ally. The illustrative example of an aggregate DCEA presented
here aimed to capture the value of faricimab T&E for the
treatment of DMO in England more comprehensively,
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demonstrating how equity impacts can be quantified to provide
additional information to decision-makers, patients and health-
care providers.

This study has some limitations. First, patient access schemes for
the intervention and comparators were not included in the
underlying cost-effectiveness model, given that they are commer-
cial in confidence. Including discounts would have reduced the
acquisition costs of faricimab and the comparators which could
lead to larger or smaller incremental costs and NHBs, with an
unknown effect on the direction and size of the equity impact.
Second, we conducted a DCEA in its aggregate form, using
average health benefits and costs (assumed equal across all IMD
subgroups) and incorporating IMD-specific parameters only in the
estimation of the target population. The analysis gave a ballpark
estimate of the size and direction of the equity impact of faricimab
T&E to initiate discussions on equity concerns. We encourage
researchers to perform similar analyses for emerging therapies or
regimens for the treatment of DMO and new treatments generally.

Studies have demonstrated that treatment uptake is an
important mediating factor to improve population health and
reduce health inequities [57, 58]. Patients living with multiple
physical and mental health comorbidities and social challenges
are more likely to be unable to attend for frequent injections;
patients who are adherent to DMO treatments experience larger
gains in visual acuity [59]. Therefore, longer acting therapies with
less burdensome dosing schedules, such as faricimab T&E, have
the potential to improve treatment uptake, thereby improving
outcomes and equity. Treatment discontinuation was assumed to
be equal across treatments in the underlying CEA used as the
basis of this DCEA, which could be a conservative scenario,
underestimating the potential benefit of faricimab. As detailed in
Section “Diabetic macular oedema burden and equity”, socio-
economic deprivation is associated with DMO on the continuum
of the disease and treatment pathway, including disease
prevalence, severity and treatment burden. Further research
applying a full DCEA methodology, whereby cost-effectiveness
model parameters (e.g., visual equity at baseline, treatment
adherence) are customised for each subgroup to derive IMD-
subgroup specific health outcomes and cost estimates, could be
done to home in on equity issues discussed above and refine the
estimates of equity impacts. Failure to incorporate gradients in
model inputs may results in uncertainty in the estimates [58];
therefore, resources should be invested to collect and analyse
data disaggregated by equity relevant characteristics, such as
socio-economic deprivation, age, sex and ethnicity [60].

Eye

Ophthalmology is the busiest outpatient speciality in NHS
England, and there is a shortage of ophthalmologists [38, 61],
leading to many services working at full capacity. Ophthalmology
services in England have been severely impacted by the COVID-19
pandemic, with a drop of 32% in outpatient attendance [38, 62],
resulting in an estimated 600,000 patients awaiting treatment as
of January 2023 [63]. Given the negative impact of delayed
treatment on visual acuity [61, 64], with severe sight impairment
having substantial impact on patients’ quality of life, healthcare
costs and societal costs, there is an urgent need to clear the
backlog of care. Innovative ophthalmology treatments that are
effective and less resource intensive, such as faricimab T&E, would
help mitigate capacity constraints. The number of injections
avoided thanks to new treatments are routinely captured in
economic evaluations. However, the number of injections that
cannot be delivered because of capacity constraints, and
associated impact on patients’ health and costs to the healthcare
system, are often ignored. Augmenting economic evaluations to
adopt a capacity-constraint perspective, such as that proposed by
Gale et al. [65], would support a more comprehensive assessment
of the value of durable treatments.

CEA is the mainstay of healthcare intervention value assess-
ment, informing decision-making in many countries. However, it
has been recognised to have limitations, and extended frame-
works have been proposed to incorporate additional elements of
value [5, 6]. Including a quantitative assessment of equity impacts
using DCEA enables a more comprehensive assessment of value,
which is relevant to health technology assessment bodies such as
NICE that are committed to reducing health inequalities [8].
Methodologies to incorporate equity consideration into value
assessment, such as DCEA, have gained greater attention in
recent years, reflecting growing policy focus on health equity,
accelerated by the COVID-19 pandemic. The continued develop-
ment of extended CEA frameworks to capture additional
elements of value of healthcare interventions such as equity,
service capacity impact, disease severity and value of hope would
be valuable to health technology assessment agencies, manu-
facturers, healthcare providers and patients.

Economic evaluations are powerful quantitative tools to
rationalise decision-making. However, they are one of many drivers
in healthcare prioritisation, which is a complex process influenced
by a range of stakeholders, including patient groups, pharmaceu-
tical companies, healthcare professionals and policy makers, each
trying to maximise their interests and influence [66, 67]. In a
healthcare system with limited resources, funding for new

SPRINGER NATURE
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Fig. 2 Equity-weighted population health impact with increasing inequality aversion parameter at base case. EDEH equally distributed
equivalent health; PRN pro re nata; QALE quality-adjusted life expectancy; T&E treat and extend. Analysis settings: societal perspective, £20,000/
QALY opportunity cost threshold. Greater value of the inequality aversion parameter reflects a higher willingness to trade some of the population
health to reduce health inequalities.
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