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Abstract
Background and Objective The supply-side threshold for the UK National Health Service has been empirically estimated as 
the marginal returns to healthcare spending on health outcomes. These estimates implicitly exclude future healthcare costs, 
which is inconsistent with the objective of making the most efficient use of healthcare resources. This paper illustrates how 
empirical estimates of the threshold within healthcare can be adjusted to account for future healthcare costs.
Methods Using cause-deleted life tables and previous work on future costs in England and Wales, we illustrate how such 
estimates can be adjusted.
Results While the effect of including future healthcare costs can have substantial effects on incremental cost-effectiveness 
ratios of specific life-extending interventions, we find that including future costs has relatively little impact (an increase of 
£743 per quality-adjusted life-year) on the threshold estimate.
Conclusions For some life-extending interventions the impact of including future costs on whether an intervention is deemed 
cost effective may be considerable.
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Key Points for Decision Makers 

This study illustrates, using cause-deleted life-tables, 
how empirical estimates of the threshold within health-
care can be adjusted to account for future healthcare 
costs.

The impact of including future costs on threshold esti-
mates is limited in comparison to the impact of including 
future costs on the incremental cost-effectiveness ratio.

Including future medical costs in incremental cost-
effectiveness ratios is a necessary but not a sufficient 
condition for optimal decision making; the supply-side 
threshold should also reflect these costs.

1 Introduction

A key criterion for deciding whether to reimburse a health-
care intervention is whether the estimated incremental cost-
effective ratio (ICER) lies below the relevant cost-effec-
tiveness threshold [1]. In England and Wales, the National 
Institute for Health and Care Excellence (NICE) makes 
explicit use of such a threshold [2]. The NICE 2013 guide-
lines state that: ‘A technology can be considered to be cost 
effective if its health benefits are greater than the opportunity 
costs of programmes displaced to fund the new technology, 
in the context of a fixed NHS budget’ [3]. However, the cur-
rent threshold used by NICE, which ranges from £20,000 
to £30,000 per quality-adjusted life-year (QALY), reflects 
values implied by previous decisions made by NICE rather 
than an explicit consideration of the evidence regarding 
the potential health foregone caused by implementing new 
health technologies [4].

In theory, estimating the health foregone of displaced 
care, also referred to as the supply-side or k threshold [5] 
when expressed per life-year (LY) or QALY, requires us to 
know precisely which activities would be displaced at the 
margin and estimate the health benefits forgone in displacing 
these activities. These thresholds could be estimated through 
(detailed) ‘league tables’, which rank interventions based 
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on cost effectiveness. However, this would require knowl-
edge regarding the cost effectiveness of all currently funded 
interventions. Additionally, we would need to assume that 
a new intervention would be funded by displacing the least 
cost-effective interventions on the list, which may not be 
what happens in practice. An alternative, empirically practi-
cal, approach is to estimate the cost per QALY of healthcare 
expenditure at the margin [5–9], which provides an estimate 
of the average cost effectiveness of unspecified interventions 
(potentially) displaced or expanded at the margin.

Interventions displaced or expanded at the margin may 
be quality of life improving, life extending or both. It has 
been argued that when an intervention has a life-extending 
element, the inclusion of future healthcare costs is necessary 
for a consistent estimate of cost effectiveness and an efficient 
allocation of the healthcare budget [10–14].

There are various arguments for the inclusion of future 
unrelated medical costs. First, quality-of-life and life expec-
tancy estimates are usually obtained from people receiving 
unrelated care; it is inconsistent to exclude costs and include 
benefits of unrelated future medical care. [15] Second, given 
a fixed healthcare budget, increasing future unrelated medi-
cal costs via extending life leads to health opportunity costs. 
By excluding future unrelated medical costs, we underesti-
mate the opportunity cost of these life-extending interven-
tions. [12] Third, excluding future unrelated costs introduces 
a bias against interventions that do not add to future costs, 
namely, quality-of-life improving interventions. This paper 
takes the stance, for the above reasons, that future unrelated 
medical costs need to be included in economic evaluations.

Consider a patient who is treated for an otherwise fatal 
heart attack gains additional LYs and incurs additional 
related healthcare costs (e.g. cardiologist check-ups), but 
also incurs additional unrelated healthcare costs (e.g. can-
cer or dementia treatment). This is true not only for new 
treatments, but also for existing (and potentially replaced) 
treatments. Hence, estimates of the supply-side threshold 
should include both related and unrelated future healthcare 
costs. Existing analyses estimating these supply-side thresh-
olds have ignored both related and unrelated future costs 
[7]. In this paper, we use the current most quoted supply-
side threshold estimate for England and Wales [7] as the 
case to help describe how such empirical estimates of the 
supply-side threshold can be adjusted to account for future 
healthcare costs, and how this impacts the cost-effectiveness 
results of interventions when future costs are also included 
in an economic evaluation. There is some controversy sur-
rounding this threshold estimate, regarding the assumptions 
made [16] and whether the use of a strict cost-effectiveness 
threshold is really necessary or helpful [17]. The aim of this 
paper is not to enter into these discussions, but to illustrate 
the importance of including future costs if such a supply-side 
threshold were to be implemented by NICE.

Future cost estimates were derived in earlier work [RW.
ERROR - Unable to find reference:512] using aggregate 
data sources on National Health Service (NHS) spending 
by age, sex and time to death. Using mortality rates from 
England and Wales, survivor and decedent costs were esti-
mated by age and sex. By combining these costs with sur-
vival curves of an intervention, the future unrelated medical 
costs (adjusted for double counting and related diseases) can 
then be added.

2  Methods

2.1  Conceptual Model

Assuming the aim of health maximisation and a fixed health-
care budget, an intervention can be implemented if its ICER 
is below the supply-side threshold, k . Both the ICER and k 
can be viewed as a ratio of marginal costs to marginal ben-
efits. For the ICER, the costs and benefits relate to a specific 
intervention for a known patient group (denoted with an 
asterisk *), while for k (i.e. ΔCosts

ΔQALYs
) they refer to a range and 

mix of interventions for various patient groups that are dis-
placed at the margin:

Interventions that improve survival implicitly gener-
ate both future related and unrelated medical costs in LYs 
gained [10, 15, 18, 19]. By making a distinction between 
length of life and health spending conditional on being alive, 
we can rewrite the cost-effectiveness decision rule as:

where L denotes LYs and cr and cu are related and unrelated 
medical costs per year, respectively. All elements denoted 
with an asterisk (*) relate to specific displaced interventions. 
Given that unrelated medical costs conditional on survival 
are independent of the intervention ( Δcu = 0 ), Eq. 2 can be 
rewritten as:

The difference in unrelated costs between an intervention 
and comparator is solely dependent on the difference in LYs. 
Excluding future unrelated costs from estimations of k and 
the ICER implicitly assumes that the incremental unrelated 
healthcare expenditures are zero or net out to zero, which 
seems unrealistic. Note also in this context that consistently 
excluding unrelated costs from both sides of Eq. (3) leads 
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to an inefficient use of the healthcare budget and thus to 
health losses [12]. It is important to note here that the con-
ceptual model for notational simplicity does not address the 
age dependency of related and unrelated medical costs, in 
our analyses, we took this into account.

2.2  Updating the Threshold

Claxton et al. [7] calculate the cost-effectiveness threshold 
using estimates of the effect of an annual 1% increase in the 
total healthcare budget on annual mortality rates. Expendi-
ture and outcome elasticities were estimated using an instru-
mental variables approach. These elasticities were used to 
calculate the cost of a LY in each programme. The calculated 
LYs gained from the increase in the health budget were then 
adjusted for quality of life, taking account of sex, age and 
disease. The increase in total NHS spending divided by the 
sum of all QALY changes across all programme budgeting 
categories (PBCs) was presented as the relevant threshold. 
As Claxton et al. only included changes in health spending 
in the first year, while estimating lifetime health benefits, 
all future costs were missing from their estimates. Conse-
quently, we aimed to update their estimates to account for 
future costs:

where k denotes the Claxton et al. threshold estimate and k† 
is the threshold including future costs of both related and 
unrelated diseases. The life-table calculations for estimating 
future healthcare costs were carried out for each separate 
PBC, where future costs are derived from previous work 
by Perry-Duxbury et al. [18]. The increase in total health 
spending is distributed over the different PBCs using the 
expenditure elasticities. The disease-specific impacts of 
this increase, in comparison to a counterfactual in which 
the budget did not increase, on cause-specific mortality 
(used in the cause-deleted life tables to estimate LYs gained) 
were calculated using the outcome elasticities estimated by 
Claxton et al. Note that outcome elasticities were not avail-
able for all disease categories, mostly because of little to no 
mortality effects in the specific PBC. For these PBCs, future 
healthcare costs do not impact the threshold. To translate 
estimates expressed in pounds per LY gained to pounds per 
QALY gained, we used the PBC-specific ratios of incremen-
tal costs per LY to costs per QALY from Claxton et al., who 
used PBC-specific quality-of-life decrements by age and sex. 
We translate LYs to QALYs using the aforementioned ratios 
(Table 1).

Overall threshold estimates were calculated using weights 
based on the percentage share of health effects provided by 

(4)k† = k +
ΔL × (cr + cu)

ΔQALYs

Claxton et al. The equations and further explanation of the 
life-tables approach are presented below.

2.2.1  Estimating Future Costs and LYs

In both the situations in which the budget increases for PBC, 
which includes health for related diseases r and the counter-
factual, the lifetime expected discounted costs and LYs, Lr(a) 
can be estimated using the formulas below.

where Cr(a) represents remaining lifetime healthcare costs 
for someone at a particular age (here age is denoted a that 
takes on value b in Eqs. (5) and (6) treated in PBCs with 
related diseases r and Lr(a) represents remaining LYs at a 
particular age treated in PBCs with related diseases. r. 1.035 
refers to the discount rate for costs in the UK, 3.5%. c(a) 
represents yearly per capita costs by age and mr(a) and mu(a) 
represent related and unrelated mortality rates by age, where 
a is a single year of age from which costs are aggregated.

We assume that yearly per capita costs depend on age 
and time to death.

Here, cd(a) denotes yearly costs at age a conditional on 
dying at age a (average costs in the last year of life) while 

(5)

Cr(a = b) =

100
∑

i=b

(1.035i−b × c(a = i) ×

i
∏

j=b

e−mr(a=j)−mu(a=j))

(6)Lr(a = b) =

100
∑

i=b

(1.035i−b ×

i
∏

j=b

e−mr(a=j)−mu(a=j))

(7)
c(a) =

[

mr(a) + mu(a)
]

× cd(a) +
[

1 − mr(a) − mu(a)
]

× cs(a)

Table 1  Ratios (cost per LY/cost per QALY) from Claxton et al. used 
to translate LYs, using disease-specific quality of life

Only for disease categories for which there is an observed mortality 
effect
LY life-year, QALY quality-adjusted life-year

Cost per LY Cost per QALY Cost per LY/
costs per 
QALY

Infectious diseases 61,425 20,829 2.95
Cancer 11,931 16,997 0.70
Endocrine 38,122 3124 12.20
Neurological 92,282 5480 16.84
Circulatory 6544 7038 0.93
Respiratory 28,528 1998 14.28
Gastrointestinal 12,983 7293 1.78
Genitourinary 141,746 43,813 3.24
Maternity and neo-

nates
1,608,817 2,969,208 0.54
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cs(a) denotes yearly costs for those who do not die at age a. 
These are derived from previous work by Perry-Duxbury 
et al. (2020). Note that we do not make a distinction between 
related and unrelated future costs as neither was included in 
the Claxton et al. study. When expenditure increases, related 
mortality rates, mr(a) , are multiplied by outcome elasticities 
(which are negative) and 1.01, reflecting the 1% increase in 
expenditure (Eq. 8) [7]. The lifetime costs and LYs from the 
budget increase, C�

r
(a) and L�

r
(a) , are calculated by replacing 

disease-related mortality with mr
�(a) , where ′ indicates the 

situation in which expenditure increases. To be consistent 
with Claxton et al., we assume a 1-year change in mortality.

where o(r) represents the outcome (mortality) elasticity for 
PBC containing spending for disease r.

2.2.2  Estimating Disease‑Specific and NHS‑Wide 
Thresholds

We use PBC-specific ratios of costs per LY to costs per 
QALY gained from Claxton et al. to translate costs per LY 
gained to costs per QALY gained. Thus, QALYs for the situ-
ation in which expenditure increases and the counterfactual 
(denoted Qr

�(a) andQr(a) ) are calculated by multiplying the 
respective remaining LYs by these ratios. We then estimate 
both PBC-specific thresholds, k(r)† , and a subsequent thresh-
old for all NHS spending, k† , which is arguably the most 
policy-relevant estimate.

In the above equations, k represents the Claxton et al. thresh-
old estimate while k† represents threshold estimates including 
future costs. pop(a) is the population size of age group a, p(a, r) 
is the percentage of patients in age group a treated in PBC with 
related diseases r, D represents the set of all PBCs and w(r) 
represents the weighting taken as a percentage share of total 
health effects for a PBC with related diseases r [7].

3  Results

The impact of including future costs on PBC-specific thresh-
old estimates varies considerably. For example, neurological 
and endocrine diseases sit at the low end of the spectrum, 
while cancer has far more future healthcare costs attributed to 
it. The first reason for this is the difference between QALYs 

(8)mr
�(a) = mr(a) × [1 + 0.01 × o(r)]

(9)k(r)† = k(r) +

∑100

j=0
pop(a = j) × [

�

Cr

�

(a = j) − Cr(a = j)
�

× p(a = j, r)]

∑100

i=0
pop(a = i) × [

�

Qr

�

(a = i) − Qr(a = i)
�

× p(a = i, r)]

(10)k† =
∑

r∈D

(

k(r)† × w(r)
)

and LYs gained within a PBC, which are provided in Table 1. 
Programme budgeting categories for neurological and endo-
crine disorders have relatively high ratios of cost per LY to 
costs per QALY, meaning that an increase in the healthcare 
budget leads to more quality-of-life gains than LY gains. The 
opposite is seen in diseases such as cancer and circulatory 
disease where most health gains are due to increases in length 
of life. A second reason is that the older the patient popula-
tion within a PBC, the more future costs they will incur. This 
is because of medical consumption increasing with age and 
discounting—the higher the age at which one receives an 
intervention, the less the corresponding future costs are dis-
counted. Thus, it is of little surprise that diseases such as can-
cer and circulatory disease have higher adjusted thresholds, 
while diseases that tend to affect the young, such as infectious 
diseases, only see future healthcare cost additions of £510.

The final row of Table 2 shows the difference in the cost-
effectiveness threshold when calculated for the full NHS 
budget—a 1% increase in the NHS budget divided by the 
sum of all LYs or QALYs. This difference is a weighted 
average of the PBC-specific threshold estimates, leading to 
an addition of £743 to the overall threshold. The impact of 
future healthcare costs on the overall threshold estimate is 
limited because much of the share of total health effects is 
attributed to respiratory disease (30%), neurological disease 
(14%) and circulatory disease (14%), with only the latter of 
the three PBCs having high future costs per QALY. Addi-
tionally, some shares of total health effects are attributed to 
PBCs with no mortality effects, such as mental health (12%).

4  Discussion

We find that the impact of including future costs on thresh-
old estimates is limited, which is due to the fact in the Clax-
ton et al. paper that the marginal returns to health spending 
were, to a large extent, driven by improvements in quality 
of life as opposed to increases in length of life. Given that 
ICERs for specific interventions might be affected more 
heavily by the inclusion of future costs, these findings have 
important implications for decisions based on cost effective-
ness. This implies that interventions that are life improv-
ing rather than life extending and interventions in younger 
patients will be more likely to be reimbursed as compared 
to when analyses unadjusted for future costs are conducted. 
For instance, in our earlier work [18], we found that includ-
ing future costs in three economic evaluation cases led to 
increases in the ICERs of between £3200 and £7200. These 
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increases in ICERs are much greater than the increase in 
the threshold.

We estimate adjusted PBC-specific thresholds as well as 
an adjusted overall threshold. The updated overall threshold 
was £13,679 per QALY, £743 higher than the original esti-
mate of £12,936. Programme budgeting category-specific 
estimates of the adjustment ranged from £108 per QALY 
to £3574 per QALY when using disease-specific and age-
specific quality-of-life estimates. Programme budgeting cat-
egories with the highest threshold varied depending on the 
denominator of the estimate. For example, the PBC with 
the largest addition to the threshold was genitourinary dis-
ease (£3058) when dividing costs by LYs gained and cancer 
(£3574) when dividing by QALYs. These differences are 
solely because of the ratios between cost per LY and cost per 
QALY taken from Claxton et al., some of which are surpris-
ing. For example, regarding respiratory diseases, the ratio 
suggests that, given a 1% increase in the budget, increases 
in QALYs are 14-fold the increases in LYs. It seems worth-
while for future studies to further investigate these influential 
relationships.

The overall threshold is arguably the most relevant esti-
mate for decision makers, as resource allocation decisions 
in the NHS are made centrally across the entire healthcare 

budget rather than on a per disease basis [20].1 The overall 
adjusted threshold we estimate (£13,679) is higher than that 
of the unadjusted threshold estimate (£12,936) [Claxton 
et al.] but substantially lower than the threshold range used 
in practice by NICE [3].

There are limitations to our approach. First, in this 
demonstrative case study, we only update the point estimate 
of the empirical NHS threshold. This is because most of the 
inputs for our calculations, such as population health, dis-
ease prevalence and mortality, are stable. Possible sources 
of uncertainty are the (disease-specific) outcome elasticities 
estimated by Claxton et al.; however, investigating this goes 
beyond the scope of our paper. Second, we were only able to 
update the PBC-specific thresholds for PBCs for which mor-
tality elasticities were available from the existing empirical 
work, and thus our overall threshold estimate may be an 
underestimation if the increase in expenditure did indeed 
affect the mortality of PBCs for which elasticities were not 
available. That being said, the majority of QALYs gained 

Table 2  Addition of future costs to PBC-specific and overall threshold estimates (£)

Costs and outcomes are both discounted by 3.5% as recommended by NICE guidelines
LY life-year, PBC programme budgeting category, QALY quality-adjusted life-year, QoL quality of life
a QoL adjusted for PBC-specific decrements by age and sex
b Percentage share of total health effects is used as the weighting for all total estimates. Table A uses a share of change in net years of life lost, 
Table B uses a share of change in disease-specific QALYs

A. Cost per LY B. Cost per QALY (PBC-specific  QoLa)

Original estimate Addition of 
future costs

Final estimate Original estimate Addition of 
future costs

Final estimate

Infectious diseases 61,425 1502 62,927 Infectious diseases 20,829 510 21,339
Cancer 11,931 2508 14,439 Cancer 16,997 3574 20,571
Blood – – 0 Blood 9419 – 9419
Endocrine 38,122 2205 40,327 Endocrine 3124 181 3305
Mental health – – 0 Mental health 18,744 – 18,744
Neurological 92,282 1816 94,098 Neurological 5480 108 5588
Vision – – 0 Vision 45,788 – 45,788
Hearing – – 0 Hearing 6239 – 6239
Circulatory 6544 2957 9501 Circulatory 7038 3181 10,219
Respiratory 28,528 2711 31,239 Respiratory 1998 190 2188
Gastrointestinal 12,983 2111 15,094 Gastrointestinal 7293 1186 8479
Skin – – 0 Skin 101,042 – 101,042
Musculoskeletal – – 0 Musculoskeletal 15,628 – 15,628
Genitourinary 141,746 3058 144,804 Genitourinary 43,813 945 44,758
Maternity and neo-

nates
1,608,817 953 1,609,914 Maternity and neo-

nates
2,969,208 1758 2,970,966

Totalb 25,214 2673 28,403 Totalb 12,936 743 13,679

1 An exception to this rule may be the NHS Cancer Drugs Fund, 
which pays for cancer drugs that would otherwise be rejected by 
NICE for being too expensive.
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from the excluded PBCs were due to increases in quality of 
life, thus the effect is likely to be modest. Finally, we do not 
separate the impact of the increase in health spending on 
future costs into impacts on unrelated and related costs. If 
an increase in the budget turns out to increase the quality of 
life and/or lead to savings in related costs, then our adjusted 
threshold value would be an overestimate.

It is important to note that this paper solely addresses 
the assumption that future costs can be excluded from the 
supply-side threshold, and not the other assumptions used 
in the work by Claxton et al. Others have argued that refer-
ring to this threshold estimate as the opportunity cost is 
inaccurate unless the current bundle of interventions being 
used is optimal and the least cost-effective intervention is 
removed from the bundle when a new intervention enters 
[21]. These are important discussions to have, especially 
if NICE, or other health technology assessment bodies, are 
to start using a supply-side threshold for reimbursement 
decisions. Future work on assumptions regarding how and 
where displacement occurs can only move us closer to the 
best operationalised threshold estimate.

5  Conclusions

As NICE and other health technology assessment bodies 
around the world review the methods for conducting eco-
nomic evaluations, we feel it is time for them to consider 
using an empirically estimated supply-side threshold and 
including future healthcare costs both in cost-effectiveness 
analyses as well as in the threshold that the results of these 
analyses are judged against. Such an approach will help 
to fully capture the threshold associated with new health 
technologies and to maximise health gains that can be 
achieved from any given level of health spend, particularly 
relevant at a time when health budgets are increasingly 
stretched by the coronavirus pandemic.
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