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Population-health impact of new drugs recommended by
the National Institute for Health and Care Excellence in
England during 2000-20: a retrospective analysis

Huseyin Naci, Peter Murphy, Beth Woods, James Lomas, Jinru Wei, Irene Papanicolas

Summary

Background Health systems experience difficult trade-offs when paying for new drugs. In England, funding
recommendations by the National Institute for Health and Care Excellence (NICE) for new drugs might generate
health gains, but inevitably result in forgone health as the funds cannot be used for alternative treatments and
services. We aimed to evaluate the population-health impact of NICE recommendations for new drugs during 2000-20.

Methods For this retrospective analysis, we identified technology appraisals for new drugs in England published in
NICE’s publicly available database of appraisals between 2000 and 2020. We excluded products with terminated
appraisals, not recommended, or subsequently withdrawn from the market and excluded appraisals in programmes
focusing on medical devices, diagnostics, or interventional procedures. We included drugs that underwent NICE
appraisal within 5 years of initial regulatory approval. We collected data on drug name, appraised indication, and
specific features of both the drug and its appraisal. We noted the value for money offered by new drugs, expressed as
the incremental cost-effectiveness ratio (ICER), and data on health benefits, expressed as quality-adjusted life-
years (QALYs). We estimated the number of patients receiving new drugs recommended by NICE using proprietary
data on the total volumes of new drugs sold in England between Jan 1, 2000, and Dec 31, 2020. We calculated the net
health effect of each appraisal using the difference between the incremental QALY gains from implementing the new
drug within the National Health Service (NHS) and the estimated QALYs that could hypothetically be obtained by
reallocating the same funds to other NHS services or treatments. We obtained forgone QALYs by dividing the
incremental cost of the new drug by the health-opportunity cost of NHS expenditure.

Findings NICE appraised 332 unique pharmaceuticals between 2000 and 2020; 276 (83%) had positive
recommendations. Of these 276, 207 (75%) had a NICE appraisal within 5 years of regulatory approval. We included
183 (88%) of 207 drugs in this analysis, after excluding drugs that did not meet eligibility criteria. The median QALY
gain across all 339 appraisals was 0-49 (IQR 0-15-1-13), equivalent to an additional half a year in full health. Median
ICER for recommending new drugs increased from £21545 (IQR 14175-26173) per QALY gained for 14 appraisals
published between 2000 and 2004 to £28555 (19556-33712) for 165 appraisals published between 2015 and 2020
(p=0-014). Median ICER varied by therapeutic area, ranging from £6478 (3526-12912) for 12 appraisals of anti-
infective drugs to £30000 (2239545 870) for 144 appraisals of oncology drugs (p<0-0001). New drugs generated an
estimated 3-75 million additional QALYs across 19-82 million patients who received new drugs recommended by
NICE. The use of new drugs resulted in an estimated additional cost to the NHS of £75-1 billion. If the resources
allocated to new drugs had been spent on existing services in the NHS, an estimated 5-00 million additional QALYs
could have been generated during 2000-20. Overall, the cumulative population-health impact of drugs recommended
by NICE was negative, with a net loss of approximately 1-25 million QALYs.

Interpretation During 2000-20, NHS coverage of new drugs displaced more population health than it generated. Our
results highlight the inherent trade-offs between individuals who directly benefit from new drugs and those who
forgo health due to the reallocation of resources towards new drugs.

Funding The Commonwealth Fund.

Copyright © 2024 Elsevier Ltd. All rights reserved, including those for text and data mining, Al training, and similar
technologies.

Introduction

Few decisions in health care lead to as much controversy
as those concerning the funding, or lack thereof, of new
drugs. New drugs typically have a small evidence base
supporting their use wupon regulatory approval
worldwide."” Despite uncertainties in the evidence base,

new drugs typically have higher prices than existing
options within health-care systems.* This combination of
uncertain clinical effectiveness and higher prices has
historically resulted in substantial regional and global
variation in funding decisions and patient access to new
drugs.*
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Research in context

Evidence before this study

Previous research has characterised clinical evidence that
supports the regulatory approval and health-technology
assessment of new drugs in Europe and the USA, highlighting
deficiencies in the strength of the evidence underlying approval
and funding decisions, and has shown that the prices of new
drugs are high and increasing globally, raising questions about
their cost-effectiveness. We searched MEDLINE from database
inception to Sept 25, 2024, with no language restrictions using
various combinations of the search terms “drugs”, “medicines”,
“pharmacotherapy”, “net health benefit”, “opportunity cost”,
and “population health” to identify studies evaluating the net
health effects of new drugs worldwide. Although some
observational studies indicated that new drugs have contributed
to increases in life expectancy at the population level during the
past four decades, no research has examined the overall
population health impact of new drugs while considering both
health benefits and health forgone from allocating finite
resources towards the new drugs and away from alternative
health-care priorities.

Added value of this study
We estimated the number of patients who received new drugs
recommended by the National Institute for Health and Care

The National Institute for Health and Care
Excellence (NICE), originally established as the National
Institute for Clinical Excellence in 1999, aimed explicitly to
address this “post-code prescribing” in England.® One of
the primary responsibilities of NICE is to provide funding
recommendations for the National Health Service (NHS)
in England. NICE bases its recommendations on “an
assessment of population benefits and value for money”.
A core principle guiding NICE’s work is consideration of
“the ‘opportunity cost’ of recommending one intervention
instead of another”, as is accounting for the forgone
benefits of spending finite resources.”

The value for money of new drugs recommended by
NICE has consequences for population health. Under a
constrained budget, the choice to fund a new drug for
one patient group might mean forgoing the funding of
interventions and services that would deliver benefits
for others.* NICE advises its committees to consider
new drugs as offering value for money, and thus suitable
for funding within the NHS, if they cost less
than £20000-30000 per additional year of full health
gained, measured as quality-adjusted life-years (QALYs).’
Historically, there has not been any empirical basis for
NICE’s funding threshold.” Analyses examining the
relationship between NHS expenditure and health
outcomes have suggested that the NHS spends
approximately £15000 to generate an additional year of
full health with existing services, which is used by the UK
Department of Health and Social Care."” Thus, spending
more than this amount could harm population health as

Excellence (NICE) in England during 2000-20, documenting the
population-level health and economic impacts of new drugs
across multiple therapeutic areas. We also estimated the health
effects of services that could not be funded due to the allocation
of resources to new drugs. We estimated that new drugs
displace more health than they generate at the population level.
To our knowledge, this is the first evaluation of the overall
population health impact of new drugs.

Implications of all the available evidence

Our finding emphasises the trade-offs and implicit prioritisation
of people who will directly benefit from new drugs at the
expense of people who will not. An important policy
consideration is whether NICE's threshold should better align
with the estimate of health-opportunity costs of National
Health Service expenditure of the Department of Health and
Social Care. Presenting NICE recommendations relative to the
health-opportunity cost threshold would convey trade-offs in
funding decisions. Future research should explore the
implementation of NICE funding recommendations by decision
makers.

it might displace more health than it generates.
Understanding the net health effects of the funding
decisions of NICE on population health is essential,
considering both the value for money of new drugs and
the implication of disinvestment in other areas.

We aimed to evaluate the population-health impact of
NICE recommendations for new drugs during 2000-20.
We aimed to characterise the additional health benefits
and value for money offered by new drugs by
systematically reviewing publicly available appraisal
reports. We then aimed to quantify the net health effects
per patient across different therapeutic areas and
estimate their net population health effects by
considering the number of patients who received drugs
recommended by NICE.

Methods

Data sources

For this retrospective analysis, we manually searched for
and identified technology appraisals for new drugs in
England published from 2000 in NICE’s publicly
available database of appraisals.” To account for the
increasing frequency of redacted information in NICE
documents, we included appraisals published up
to 2020.** We excluded products with terminated
appraisals, not recommended, or subsequently with-
drawn from the market. Appraisals in NICE’s Highly
Specialised Technologies programme and other
programmes focusing on medical devices, diagnostics,
or interventional procedures were not included.
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We included drugs that underwent NICE appraisal
within 5 years of initial regulatory approval. We therefore
differentiated between new drugs, often associated with
higher prices and less comprehensive evidence,* and
those that have been available on the market for longer
durations (appendix p 3).

To identify all approved indications of new drugs, we
reviewed the British National Formulary and mapped the
corresponding indications appraised by NICE.* We
included all subsequent appraised indications of drugs
as long as the initial NICE appraisal for any indication
occurred within the first 5 years of regulatory agency
approval. For indications with updated appraisals, we
considered the year of the first positive appraisal. Our
final dataset included one technology appraisal per
indication appraised by NICE with a positive funding
recommendation.

Data extraction

We collected data on drug name, appraised indication,
and specific features of both the drug and its appraisal.
We established whether the drug indication had an
orphan designation (ie, a designation for the treatment of
rare diseases) from the European Medicines Agency at
the time of NICE appraisal,” whether the NICE
technology appraisal committee concluded that the drug
was innovative,® and whether the appraisal met NICE’s
end-of-life criteria that had been in place since 2009 and
remained in place for the duration of our analysis.” The
data extraction process was conducted independently by
two researchers, one of which was PM. Consensus was
reached through discussion, and a third researcher (HN)
verified all extracted data.

We noted the value for money offered by new drugs,
expressed as the incremental cost-effectiveness ratio
(ICER; panel),®” which is calculated by dividing the
difference in total costs (ie, the incremental cost) by the
difference in health benefits (ie, the incremental health
benefits). This process provides a ratio that shows the
extra cost per additional unit of health. NICE uses
QALYs as the measure of health benefit; one QALY
represents 1year in full health.” Use of QALYs facilitates
comparison of ICERs across therapeutic areas and with
alternative uses of health system resources. QALYs,
costs, and ICERs are typically estimated for the lifetime
of a patient. As the clinical-trial evidence used to support
approval of new drugs provides a much shorter period
of follow-up, NICE generally considers lifetime
outcomes estimated with decision-analytical models
that combine evidence from a range of sources, such as
randomised clinical trials, observational studies, and
resource-use studies. Comparators in NICE cost-
effectiveness analyses represent the NHS standard of
care.’

We extracted the preferred ICER of the NICE
technology appraisal committee from the final appraisal
document. If the preferred ICER of the committee was

unavailable, we conducted a hierarchical review
considering public committee slides summarising the
available data, evidence review group reports, and
manufacturer submissions (appendix p 3).

We then extracted incremental QALYs and costs
corresponding to the extracted ICERs from NICE
documentation following the same hierarchical approach.
When matching incremental QALYs were unavailable
in NICE documentation, we systematically checked
corresponding information from other sources (appendix
p 3). We back-calculated missing incremental costs using
imputed incremental QALYs and extracted ICERs. When
manufacturers offered confidential price reductions
during the NICE appraisal process, the final ICERs
reflected these reductions and were factored into the
incremental costs used in our analysis. The costs and
ICERSs reflected the actual prices in nominal terms at the
time of appraisal, with discounting already applied.

Panel: Key terms

Incremental cost-effectiveness ratio

A summary measure that represents the additional cost
required to achieve an additional unit of health outcome with
a new treatment, compared with an alternative. Calculated by
dividing the difference in total costs (ie, the incremental cost)
by the difference in health benefits (ie, the incremental health
benefits). Low incremental cost-effectiveness ratios indicate
better value for money than high incremental cost-
effectiveness ratios.

Net health effect

A summary measure that quantifies the impact of a new
treatment, considering both the health benefits of the new
treatment and the health benefits forgone elsewhere due to
allocation of resources to the new treatment. A negative net
health effect indicates that the health benefits of the new
treatment do not sufficiently offset the health losses
incurred from diverting resources away from alternative
health-care services.

Opportunity cost

Health benefits that are forgone because of the
implementation of a new treatment. In a health system with
a fixed budget, increased costs required to pay for a new
treatment might displace other health-care services that are
already being provided or could be provided if funds were
available. In such cases, opportunity cost refers to the health
benefits lost due to the displacement of existing activities to
fund the new treatment.

Quality-adjusted life-years

A health-outcome measure that combines the effects of
improvements in both the quantity and quality of life
associated with a treatment. Full health is assigned a value
of 1and death is assigned a value of 0. A year spent with a
quality of life that is considered to be half that of someone in
full health would be equal to 0-5 quality-adjusted life-years.
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Therefore, we did not apply additional discounting, as our
goal was to assess the reasonableness of the decisions at
the time they were made.

Estimation of patient numbers
As the NHS does not centrally collect information on
prescription drug use in both primary and secondary care
settings,” we procured proprietary data on the total
volumes of new drugs sold in England between
Jan 1, 2000, and Dec 31, 2020, from IQVIA Multinational
ForlQVIAMIDAS see https;//  Integrated Data Analysis System (MIDAS). MIDAS
www.iqvia.com/solutions/  records data on the volume of branded and generic
commercialization/brand. - 413 5 dispensed in both retail and hospital pharmacies.
strategy-and-management/
market-measurement/midas] Data sources are manufacturers, wholesalers, and
hospital and retail pharmacies. MIDAS is not limited to
NHS sales, as it captures the small number of private
prescriptions dispensed by community pharmacists and
used for patients treated privately on NHS wards (but not
in private hospitals). This dataset is the most
comprehensive source of pharmaceutical sales volume
data in England and is used to evaluate drug use by
the UK Government.**

Sales data were available in standard units, a measure
of volume defined by IQVIA to represent the smallest
common dose of a product form. To calculate the total
patient days on therapy, we divided the standard units for
each drug by the defined daily doses (DDDs). DDDs
represented the assumed mean maintenance dose per
day for a drug used in its approved indication. The DDD
is a method developed by WHO to standardise medicines

Incremental QALYs

2000-04 2005-09 2010-14 2015-20

Incremental QALYs

T T T T T T 1
Anti-infectives CNS Immunology ~ Oncology ~ Ophthalmology ~ Others  Vascular system

Figure 1: Incremental health benefits of new drugs recommended by NICE in England during 2000-20
Incremental health benefits per patient associated with appraisals of new drugs recommended by NICE over
time (A) and by therapeutic area (B). The figure includes all 339 appraisals for 183 new drugs recommended by
NICE in our sample. The figure excludes outliers (ie, values that deviated from the IQR by more than 1.5;
appendix p 13). High values indicate greater health benefits than existing alternatives. Boxes show median and
IQR. Whiskers show minimum and maximum. NICE=National Institute for Health and Care Excellence.
QALYs=quality-adjusted life-years.

of varying doses.” If DDD factors were not available from
WHO, we used those calculated by IQVIA to monitor
global use of new medicines.?

To estimate the number of patients receiving the new
drugs in their appraised indications, we divided the total
patient days on therapy by the mean duration of
treatment. Information on treatment duration was
sourced from NICE documents and targeted literature
searches (appendix p 4). We used IQVIA MIDAS Disease
to obtain information on the relative share of use in
different indications. This dataset estimates indication-
level use based on repeated cross-sectional surveys of
prescribers in European countries. We allocated total
patient days based on share of use within each indication.
We then divided the total patient days on therapy by its
corresponding treatment duration (appendix p 4).

Statistical analysis

We summarised appraisal-level incremental QALY gains
and ICERs using median (IQR) data over time, by
therapeutic area, and by features of the drug and
appraisal (ie, orphan, innovation, and end-of-life criteria).
We compared medians using a non-parametric k-sample
test in Stata version 18.

We then calculated the net health effect per patient for
each appraisal” Net health effect represents the
difference between the incremental QALY gains from
implementing the new drug within the NHS and the
estimated QALYs that could hypothetically be obtained by
reallocating the same funds to other NHS services or
treatments. We obtained forgone QALYs by dividing the
incremental cost of the new drug by the health-
opportunity cost of NHS expenditure. We used
£15000 per QALY gained as the estimate of health-
opportunity cost, consistent with the UK Department of
Health and Social Care impact assessments and
empirical evidence on the productivity of NHS
spending.?**** This process implies that for every
£15000 allocated to new medicines expenditure, 1 QALY
is forgone by patients elsewhere in the health system. A
positive net health effect indicates that the appraisal
recommendation improves health outcomes, whereas a
negative net health effect suggests that the health benefits
of the new drug do not adequately offset the health losses
resulting from the reallocation of health-care funding to
accommodate the new drug.”

We then estimated the total number of QALYs gained
with each drug at the population level by multiplying the
patient numbers by the incremental QALYs. Similarly,
we calculated the total additional spending on each drug
by multiplying the patient numbers by incremental costs.

To estimate the total number of QALYs that could have
been gained if the same costs had been allocated
elsewhere, we divided the total additional cost of the new
drugs by the Department of Health and Social Care’s
health-opportunity cost estimate (ie, £15000 per QALY).
Finally, we estimated the population health impact of
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new drugs recommended by NICE by comparing the
total QALYs gained and the total QALYs that could have
been gained during 2000-20.

We conducted multiple sensitivity analyses (appendix
p 6). First, we restricted our analysis to data from 2010
to 2020, to focus on the population health impact of more
recently appraised drugs. Second, we evaluated the
impact of more or fewer patients receiving the new drugs
by changing the mean treatment duration. Third, we
considered the impact of reduced incremental costs for
drugs with generic or biosimilar alternatives. Fourth, we
considered how alternative opportunity cost thresholds
impact net health effects. Fifth, for drugs with multiple
indications, we assumed that all use occurred in the
indication with the lowest or highest ICER.

All analyses were done in Stata version 18.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report.

Results

NICE appraised 332 unique pharmaceuticals between
2000 and 2020; 276 (83%) had positive recommendations.
Of these 276, 207 (75%) had a NICE appraisal within
5 years of regulatory approval. We included
183 (88%) of 207 drugs in this analysis, after excluding
drugs that did not meet eligibility criteria (appendix p 9).

The 183 drugs included had regulatory approvals for
use across 385 indications. 287 (75%) of 385 indications
received positive recommendations in 339 separate NICE
appraisals conducted between 2000 and 2020 and were
included in our analysis (appendix p 9). Oncology
comprised 154 (45%) of 339 appraisals, followed by
71(21%) appraisals forimmunology, and 27 (8%) appraisals
for the vascular system. 191 (56%) of the 339 appraisals
were published between 2015 and 2020. During 2000-20,
35 (19%) of 183 NICE-recommended new drugs had
generic or biosimilar alternatives.

The median QALY gain across all 339 appraisals
was 0-49 (IQR 0-15-1-13), equivalent to an additional
half a year in full health (figure 1A). Median QALY gains
were 0-35 (0-17-0-78) for 16 appraisals published
between 2000 and 2004 and 0-59 (0-17-1-30) for
191 appraisals published between 2015 and 2020
(p=0-046). There was significant variation across
therapeutic areas, ranging from 0-07 (0-02-0-22)
additional QALYs gained for the 27 appraisals of vascular-
system drugs to 0-74 (0-32-2-53) for 16 appraisals of
anti-infective drugs (p<0-0001; figure 1B).

Median ICER for recommending new drugs increased
from £21545 (IQR 14175-26173) per QALY gained
for 14 appraisals published between 2000 and 2004 to
£28555 (19556-33712) for 165 appraisals published
between 2015 and 2020 (p=0-014; figure 2A). Median
ICER varied by therapeutic area, ranging from £6478
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Figure 2: Value for money of new drugs recommended by NICE in England during 2000-20

ICERs over time (A) and by therapeutic area (B). The figure includes only 292 appraisals in the northeast quadrant,
where new drugs generated more health gains but were more expensive; it excludes 47 appraisals with ICERs
outside of the northeast quadrant (ie, 40 cost-saving drug indications, four appraisals with cost comparisons for
drug indications that incurred costs but added QALYs, and three QALY-reducing drug indications). The figure
excludes outliers (ie, values that deviated from the IQR by more than 1-5; appendix p 16). High values indicate less
cost-effective results than comparator treatments. Boxes show median and IQR. Whiskers show minimum and
maximum. Black dotted lines show the NICE end-of-life criteria threshold (ie, £50 000 per QALY). Green dashed
lines show the NICE cost-effectiveness threshold range (ie, £20 000-30 000 per QALY). Red dashed lines show the
National Health Service health-opportunity cost threshold (£15000 per QALY). ICER=incremental cost-
effectiveness ratio. NICE=National Institute for Health and Care Excellence. QALYs=quality-adjusted life-years.
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Figure 3: Net health effects of new drugs recommended by NICE in England during 2000-20

Net health effects per patient of 183 new drugs recommended by NICE over time (A) and by therapeutic area (B).
The figure includes all 339 appraisals for 183 new drugs recommended by NICE in our sample. The figure excludes
outliers (ie, values that deviated from the IQR by more than 1.5; appendix p 20). Positive values indicate more
health is gained than lost per patient. Boxes show median and IQR. Whiskers show minimum and maximum.
NICE=National Institute for Health and Care Excellence.
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(IQR 3526-12912) for 12 appraisals of anti-infective
drugs to £30000 (22395-45870) for 144 appraisals of
oncology drugs (p<0-0001; figure 2B).

When considering the anticipated loss of QALYs
elsewhere in the NHS due to increased costs of new
drugs, 233 (69%) of 339 appraisals resulted in negative
net health effects. Median net health effect per patient
was —0-06 (IQR —0-49 to 0-04) for appraisals published
between 2000 and 2004; —0-15 (-0-40 to 0-01) for
appraisals published between 2005 and 2009;
—0-07 (-0-49 to 0-06) for appraisals published between
2010 and 2014; and -0-30 (-1-19 to 0-01) for appraisals
published between 2015 and 2020 (p=0-080; figure 3A).
Median net health effect per patient varied by therapeutic
area, ranging from —0-52 (IQR -1-52 to —0-18) for
appraisals in oncology to 0-97 (0-15 to 1-99) for appraisals
in anti-infectives (p<0-0001; figure 3B).

During 2000-20, we estimated that 19 - 82 million patients
received new drugs recommended by NICE. The
estimated number of patients receiving these drugs
varied by therapeutic area, ranging from 0-17 million for
anti-infectives to 7-53 million for vascular-system
treatments.

The use of new drugs resulted in an estimated additional
cost to the NHS of £75-1 billion. The therapeutic areas
that contributed most to these additional costs were
immunology (£25-7 billion), oncology (£22-7 billion), and
the vascular system (£16-0 billion; figure 4A).

New drugs generated an estimated 3-75 million addi-
tional QALYs (figure 4B). Of these, an estimated
1-10 million additional QALYs were attributable to new

drugs used in immunology, 0-97 million additional QALYs
were attributable to those used for the vascular system,
and 0-64 million additional QALYs were attributable those
used in oncology. If the resources allocated to new drugs
had been spent on existing services in the NHS, an
estimated 5-00 million additional QALYs could have been
generated during 2000-20 (figure 4C). 1-71 million QALYs
were forgone in immunology, 1-51 million QALYs were
forgone in oncology, and 1-07 million QALYs were forgone
in the vascular system.

The net health effect of the use of new drugs
recommended by NICE in the NHS was positive for anti-
infectives, ophthalmological treatments, and drugs that
we categorised as others (ie, respiratory, gastrointestinal,
endocrine, orthopaedic, urology, dermatology, and
mental health), which together resulted in approximately
0-36 million additional QALYs at the population level
(figure 4D). However, the remaining therapy areas had a
negative net health effect, with the use of oncology drugs
accounting for a loss of 0-87 million QALYs at the
population level.

The net health effect of new drugs became progressively
more negative over time (figure 5A), driven primarily by
the net impact of wider use of oncology and immunology
drugs (figure 5B). Overall, the cumulative population
health impact of drugs recommended by NICE was
negative during 2000-20, resulting in a net loss of approxi-
mately 1-25 million QALYs. Incremental costs would have
needed to be lowered by a median of 42% (IQR 13-53) at
the time of NICE appraisal to ensure new drugs
contributed positively to population health during 2000-20.
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Figure 4: Additional costs, health benefits, and net health effects of new drugs recommended by NICE at the population level in England during 2000-20
Population-level additional costs (A), accrued health benefits (B), potential health benefits not realised (C), and net health effects (D) of 179 new drugs
recommended by NICE, by therapeutic area. The figure excludes four drugs for which patient numbers could not be estimated (appendix p 9). We calculated
additional costs and benefits by multiplying incremental costs and QALYs by the estimated number of patients receiving each drug for each indication. Health
benefits not realised represent total QALYs that could have been achieved, assuming that the National Health Service spent £15000 to generate one QALY with
existing treatments and services. We calculated net health effects as the difference between health benefits accrued and not realised, with negative values indicating a
loss in population-level health. NICE=National Institute for Health and Care Excellence. QALYs=quality-adjusted life-years.
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Figure 5: Population-health impact of new drugs recommended by NICE in England during 2010-20

(A) Overall net health effects of 179 new drugs recommended by NICE over time and by therapeutic area. (B) Sum of net health effects for drug indications with
positive and negative effects by therapy and year. The figure excludes four drugs for which patient numbers could not be estimated (appendix p 9). Negative values
indicate that more QALYs could be gained if the additional resources required for new drugs were reallocated to other National Health Service treatments.
NICE=National Institute for Health and Care Excellence. QALYs=quality-adjusted life-years.

In sensitivity analyses, the only scenarios yielding a
positive health impact were when we assumed all use for
each drug was in the most cost-effective indication, with
the lowest ICER, and when we considered £30000 as an
alternative measure of opportunity cost (figure 6).

Discussion

We quantified the population health impact of new drugs
recommended by NICE during 2000-20. New drugs
generated the equivalent of 375 million additional years
of full health. However, reallocating the extra
expenditures on these new drugs to other NHS
treatments and services could have potentially generated

the equivalent of 5-00 million additional years of full
health. Although the new drugs could have benefited
patients who received them, their access came at a
considerable cost for others who might have missed out
on potential health gains due to necessary disinvestment
or underinvestment in other forms of care to fund these
newly recommended drugs.

NICE increasingly recommends drugs with ICERs that
exceed its regular cost-effectiveness threshold.”* Through
explicit QALY weighting and other mechanisms, NICE
prioritises patients with greater unmet needs and who
could benefit from new drugs, valuing their health gains
more than those of patients whose needs can be met
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Figure 6: Sensitivity analyses

Sensitivity of net population health effects of 179 new drugs recommended by NICE considering different
assumptions and scenarios. The figure excludes four drugs for which patient numbers could not be estimated
(appendix p 9). Negative values indicate that more QALYs could be gained if additional resources required for new
drugs were reallocated to alternative National Health Service treatments. ICER=incremental cost-effectiveness
ratio. NICE=National Institute for Health and Care Excellence. QALYs=quality-adjusted life-years.

elsewhere in the NHS.*** However, national surveys and
qualitative studies have found no societal support for
such prioritisation.”* Moreover, this approach does not
consider that the opportunity costs of drugs for patients
with substantial unmet needs might affect others with
similar needs in the NHS, thereby undermining the
moral justification for funding recommendations.”

Our analysis makes an important contribution to the
literature. We not only documented incremental QALY
gains and ICERs over time, thereby expanding upon
previous studies,®* but also used data on prescribing
volumes to evaluate impacts at the population level for
the first time, to our knowledge. Contrary to earlier
studies suggesting that new drugs are associated with
substantial population-level health gains worldwide,“*
contributing to more than a third of life-expectancy
gains in the past four decades,* we found that the use of
new drugs recommended by in England by the NHS had
a negative overall impact on population health. Our
results differ because earlier studies solely quantified
the benefits of drugs, neglecting their potential health-
opportunity costs. We considered the health benefits
that could be derived from alternative uses of
pharmaceutical expenditures, enabling us to calculate
net health effects. Future research should explore the
implementation of NICE’s funding recommendations
and document the trade-offs experienced by decision
makers.

Our estimate of the forgone health benefits associated
with funding new drugs is based on the UK Department
of Health and Social Care’s estimate of the health-
opportunity cost of NHS expenditure.® This is the
current best estimate of the expected health impact of
reducing available health-care expenditures in the
NHS."# Drugs recommended by NICE incur additional

costs and directly reduce resources available for the rest
of the NHS. Therefore, we can use this figure to estimate
the expected impact on health outcomes due to the
displacement of other NHS services. Extensive literature
has shown the robustness of the £15000 per QALY
estimate.®*? By contrast, the established threshold of
NICE (ie, £20000-30000 per QALY) has no empirical
basis.”

The 2024 agreement between the UK Government and
the pharmaceutical industry has committed NICE to
retaining its cost-effectiveness threshold until 2029. An
important policy consideration is whether NICE’s
threshold should better align with the Department of
Health and Social Care’s estimate of the health-
opportunity cost of NHS expenditure.** Doing so would
ensure that the NHS does not pay more for the benefits
of new drugs than it pays for the benefits of existing
treatments and services. However, there is substantial
opposition from the industry as reducing the threshold
would result in reduced prices and, therefore, reduced
industry profits. The NHS should balance promoting
pharmaceutical innovation and ensuring the capacity of
the system to deliver all forms of care that offer good
value for money. Although a single threshold might not
be the best approach to balance the objectives of
population health and innovation, an appropriate price
level would likely be equivalent to or less than the value
commensurate with a threshold of £15000 per QALY for
most products.”

The discrepancy between NICE’s cost-effectiveness
threshold and the health system’s opportunity cost
threshold highlights the incoherence in NICE’s
approach—its overt commitment to the principle of
opportunity cost and population benefits despite using a
threshold that does not accurately reflect NHS
opportunity cost.” This discrepancy could jeopardise the
legitimacy of NICE in supporting the NHS objective of
maximising health gain with scarce resources.”** The
concept of opportunity cost remains challenging to
implement in practice, and is often overlooked in
decision-making processes.”* Currently, NICE does not
acknowledge the population-health consequences of
recommendations that exceed the opportunity cost
threshold of the health system.

Presenting committee recommendations relative to the
health-opportunity cost threshold (ie, £15000 per QALY)
would convey the trade-off between individuals who
directly benefit and other NHS users who might be
deprioritised as existing interventions and NHS services
are displaced to accommodate new drugs.* For example,
NICE recommended trastuzumab for treatment of
people with metastatic gastric cancer in 2010, with the
committee considering an ICER of {43206 per QALY
gained as cost-effective. Expressing this outcome as
2-88 QALYs forgone per QALY gained would better
elucidate the relative importance assigned to patients
benefiting from the treatment compared with others
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expected to forgo health.* At the population level, use of
trastuzumab in people with gastric cancer led to an
estimated 4000 QALYs lost during 2010-20. However,
presenting recommendations in this way might be
challenging for policy makers because of historical and
ongoing commitments to the £20000-30000 per QALY
threshold.

A prevailing perspective in pharmaceutical policy
suggests that the negative health impact of high prices
during the patent-protection period could be an acceptable
trade-off if subsequent price reductions after patent
expiration would mitigate any negative effects on
population health.” However, evidence relating to the
availability, use, and pricing of generics and biosimilars
suggests that this mitigation is often insufficient.*
During 2000-20, only 35 (19%) of 183 NICE-recommended
new drugs had generic or biosimilar alternatives.
Accounting for cost reductions after generic or biosimilar
entry did not meaningfully change the population health
impact. Overall, incremental costs would have needed to
be lowered by a median of 42% (IQR 13-53) at the time of
NICE appraisal to ensure new drugs contributed
positively to population health during 2000-20.

Our findings reflect the features of the English NHS,
which operates under a constrained budget and intense
resource constraints.” The most important performance
indicators of the NHS are no longer met® In this
environment, paying high prices for new drugs can
adversely affect population health, potentially more so
than in systems with more budgetary flexibility. However,
other health systems have similar challenges.” As new
innovations emerge with increased prices, opportunity
cost will become even more important if the goal is to
improve the health of many, not the few who will benefit
from the new drug. Even in settings where additional
funding can be made available to pay for new drugs,
these resources could potentially yield greater health
benefits if allocated to other treatments and services.”
Consequently, the concept of opportunity cost—and our
methodology—is relevant for other health systems with
higher and more flexible budgets.

Our analysis had limitations. First, the reliability of the
extracted data regarding additional health benefits and
value for money of new drugs was affected by redactions,
which have become prevalent in the past 10 years."*" Our
freedom of information request for redacted incremental
QALYs for a subset of appraisals was declined by NICE.
Consequently, we used a systematic hierarchical approach
to impute missing information from other sources.
Unless redaction practices are reversed, similar analyses
cannot be conducted in the future, undermining the
accountability of NICE decisions. Second, we excluded a
small number of new drugs that were later incorporated
into clinical guidelines and for which technology
appraisals were no longer available. These drugs might
have been particularly cost-effective and their exclusion
might have led to an underestimation of the positive

impact of new drugs recommended by NICE on
population health. Third, due to limitations in data
availability, we developed a novel approach to estimate
patient numbers by using sales volumes and indication-
level treatment duration. Fourth, our estimation of
patient numbers did not consider drug wastage, which
could particularly affect infused drugs dosed by weight or
body surface area.” As vial-sharing practices are common
in the UK,” we did not consider this to be a major factor.
Fifth, our analysis also did not account for rebates from
pharmaceutical companies to the UK Government.
However, given the relatively low payment rate during
this period, rebates were unlikely to substantially
influence our results.”

The potential negative impact of new drugs on
population health might be greater than our findings
suggest. First, when the NICE committees did not prefer
a single estimate, we opted for the lowest ICER, thereby
assuming that new drugs offered better value for money
than they might in reality. Second, our analyses might
have overestimated the health benefits of new drugs.
Incremental QALYs in NICE documents are based on
assumptions about the future performance of new drugs,
which often have little evidence at the time of appraisal.™
For example, most cancer drugs do not have evidence of
their survival benefits when they undergo NICE
assessment.”” Nevertheless, NICE cost-effectiveness
models frequently assume long-term clinical gains on
the basis of surrogate endpoints.””® Most new cancer
drugs do not generate evidence on survival benefits
during the post-marketing period.”* Third, we did not
account for the £1-3 billion spent on the Cancer Drugs
Fund between 2011 and 2016.* Similarly, some high-cost
drugs, such as lumacaftor and ivacaftor for cystic fibrosis,
were excluded from our sample as they were not
recommended by NICE but, nonetheless, have been
made available in the NHS and have substantially
contributed to the increase in NHS drug spending in the
past 5 years. We also excluded drugs considered under
NICE’s Highly Specialised Technologies programme,
which sets a much higher cost-effectiveness threshold
for recommending drugs that treat very rare conditions
than their £20000-30 000 per QALY threshold.

In conclusion, our analysis of NICE appraisals
during 2000-20 indicates that NICE does not fully
achieveits stated objectives of basing its recommendations
on “an assessment of population benefits”” The benefits
derived from new drugs recommended by NICE were
outweighed by the potential benefits that could have
been generated from alternative uses of the resources
allocated to these new drugs. During 2000-20, the
population health impact of new drugs recommended by
NICE deteriorated. Changes to NICE’s evaluation
framework are needed to ensure that the inherent health
trade-offs made by NICE—and the implicit prioritisation
of some patient populations over others—align with
societal views and preferences.
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