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A note to readers

Objectives of this report
The overarching purpose of this second report is to present design principles for 
building a coherent pharmaceutical system.

The aims of this report are to: 

• Define the objectives of pharmaceutical policy concerning innovation, access  
and affordability.

• Examine the current policy landscape surrounding pharmaceuticals, and identify  
its shortcomings.

• Outline the key design principles for building a more coherent pharmaceutical 
system, which balances both health policy and industrial policy objectives.

Target audience 
This report will be relevant to anyone interested in an overview of the key issues in the 
pharmaceutical sector, in particular individuals new to policy or analysis roles in 
governments or other central agencies involved in pharmaceutical policy. Researchers 
and students in the field of health policy will also find this report useful for 
understanding the unique features of the pharmaceutical sector.

No prior knowledge of the pharmaceutical industry is required to understand the  
key concepts of this report. However, readers might find the first report in this series  
(A Primer on Pharmaceutical Policy and Economics) useful to introduce key policy 
issues and to provide additional context.

A note to readers
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Section 1 Introduction

Pharmaceutical innovation plays an important role in improving health outcomes.1 

Over the past few decades, many new drugs have provided more effective alternatives over 
existing treatment options. For example, sofosbuvir (Sovaldi®) has transformed the 
treatment of hepatitis C, substantially improving patient outcomes, demonstrating high 
cure rates of more than 80 per cent.2,3 Another groundbreaking treatment, imatinib 
(Gleevec®), fundamentally altered chronic myeloid leukaemia treatment, leading to marked 
improvements in prognosis for patients.4 Most recently, several highly effective vaccines 
for coronavirus disease 2019 (COVID-19) were developed at record speed, substantially 
reducing the risk of severe illness, hospital admissions and mortality associated with 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection.5

Such innovations that yield a step-change improvement on patient outcomes are a 
testament to the success of the current global pharmaceutical policy landscape, which 
has effectively incentivised the development and approval of many new therapeutically 
beneficial medicines. 

7 Introduction
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However, not all new drugs have been transformative innovations. In recent years, 
innovation pipelines have delivered an increasing number of new drugs that provide much 
smaller additional health benefits over existing treatments, often at much higher prices.6 
Many new drugs also offer no added therapeutic benefit over existing alternatives.7 The 
recent approval in the United States (US) of aducanumab (Aduhelm®) for the treatment of 
Alzheimer’s disease, which occurred despite major concerns over its efficacy, highlights 
growing uncertainty associated with the clinical benefits of new drugs.8

The nature of pharmaceutical innovation has also changed over the past decades. A 
large proportion of new drugs target increasingly small patient populations.9 Cancer is 
now the single largest category of new drug approvals.10 And many new drugs have 
extremely high and increasing launch prices.11 Between 1995 and 2013, the list price 
per life-year gained for new cancer drugs increased from about £40,000 to 
approximately £150,000.12 Therapies with extremely high prices present policymakers 
with difficult decisions, for which there is little historical precedent. 

Adding complexity to these decisions is the evolving political economy of 
pharmaceutical policy and regulation. Pharmaceutical companies are powerful 
political actors, with financial ties to policymakers, regulators and other stakeholders in 
health systems, including patient organisations.13–17

In addition, the role of patients (and organisations representing patients’ interests) has 
become central to both regulatory approval and reimbursement decisions in many 
health systems, advocating alongside industry for faster and broader access to new 
treatments.18 Increasingly, regulators and payers are coming under growing pressure 
to approve and reimburse new drugs quickly in greater budgetary-constrained health 
systems than ever before.19 

Report overview 
In this report, we examine the current pharmaceutical policy landscape. We first define 
the overarching objectives of pharmaceutical policy concerning innovation, access and 
affordability. We then review the health system and industrial sector goals of 
pharmaceutical policy. Following this, we look at current approaches to incentivising 
pharmaceutical innovation, achieving timely patient access and ensuring affordability, 
identifying the shortcomings of the current landscape for each of these three areas. 
Finally, we outline four key design principles for building a more coherent 
pharmaceutical system that better balances the innovation, access and affordability 
aims of pharmaceutical policies. 

Introduction
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Section 2 Objectives of 
pharmaceutical policy

Pharmaceutical policy aims to ensure timely access to new drugs at affordable prices, 
while providing a fertile environment for innovation (Box 1).20 On innovation, optimal 
pharmaceutical policy would favour the development of new drugs that are beneficial 
for society. On access, optimal pharmaceutical policy would ensure timely patient 
access to new drugs, prioritising those that clearly demonstrate additional clinical and 
economic benefits to health systems. On affordability, optimal pharmaceutical policy 
would maximise the (net) benefit of new drugs to patients while providing sufficient 
incentives for future research and development (R&D).21 Transparency would be an 
essential tenet underpinning all three domains of pharmaceutical policy, ensuring that 
data that support decision-making are publicly available for independent scrutiny.

Box 1 – Key objectives of optimal pharmaceutical policy 
Innovation

•   Pharmaceutical R&D pipelines sustainably deliver new drugs that address 
unmet medical and therapeutic needs for the long term.

Access

•   Safe and effective products enter the market on the basis of robust clinical trial 
data, without undue delay. 

•   Patients benefit from timely access to drugs that are proven to be safe, clinically 
effective and cost-effective.

•   Drugs that offer exceptional value are prioritised and adopted in a timely manner.

Affordability

•   Drugs are priced according to the benefits they provide, taking into account the 
opportunity cost of interventions that are displaced across the health system 
as a result of paying for new medicines, while maintaining incentives for 
pharmaceutical companies to invest in future innovation.

Design Principles for a Coherent Pharmaceutical System
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Section 3 Health system and 
industrial sector goals 

Different stakeholders – governments, industry, regulators, Health Technology 
Assessment (HTA) bodies, payers, clinicians, patients and citizens – value the 
innovation, access and affordability objectives of pharmaceutical policies differently.22 
Collectively, all stakeholders strive for better health, but interests may at times diverge, 
and even conflict. For example, when patients request fast access to new medicines 
with highly uncertain clinical benefits, this may undermine payers’ efforts to achieve 
high-quality prescribing and to contain prescription drug costs (Table 1). Similarly, 
pharmaceutical companies’ profit maximisation conflicts with health systems’ and 
payers’ aim to maximise population health given available resources.

Complicating this picture further is governments’ ambition to strike a balance between 
health and industrial policy – policy that aims to attract, sustain and foster a research-
based industry that is important to the economy. This balance becomes especially 
difficult to achieve in countries with a strong life sciences industry, such as the United 
Kingdom (UK).22,23 Ultimately, coherent pharmaceutical policy lies at the intersection of 
health and industrial policy. 

Health system and industrial sector goals

Design Principles for a Coherent Pharmaceutical System
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Table 1. Overview of key stakeholders in the pharmaceutical system and  
their objectives

Stakeholder Objectives Social and political factors

Industry •   To maximise 
shareholder value

•   Industry is a powerful lobby

•   Companies pay for regulatory and HTA 
reviews of their products 

•   Industry sponsors patient organisations

•   Industry has financial links with clinicians 
and other health care professionals

Regulatory 
agencies

•   To prevent unsafe 
and ineffective 
drugs from 
reaching the 
market

•   To foster 
innovation

•   Regulators are under political pressure to 
speed up their processes

•   Regulators compete for ‘first-in-the-world’ 
approvals 

HTA bodies •   To ensure new 
drugs provide 
value for money

•   HTA bodies are under political pressure to 
speed up their assessments

•   HTA bodies may feel compelled to 
recommend drugs to avoid controversy

Payers •   To control 
spending

•   Payers may feel compelled to pay for 
drugs to avoid controversy

Patients •   To have access to 
new drugs that are 
safe and effective

•   Patients have high expectations about 
drug benefits

•   Media coverage on new drugs is 
overwhelmingly positive

•   Organisations that lobby on behalf  
of patients often have financial links  
with industry

Clinicians •   To provide patients 
with safe and 
effective drugs

•   Clinicians overestimate the benefits and 
underestimate the harms of new drugs

•   Sources of information on new drugs  
have limitations

•   Conflicts of interest (financial or otherwise) 
influence clinicians’ perceptions of  
new drugs

Design Principles for a Coherent Pharmaceutical System
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Stakeholder Objectives Social and political factors

Citizens •   To ensure 
resources are 
allocated efficiently 
and fairly

•   Preferences of the general population 
differ from those of patients

•   Budgetary constraints for health care 
services impact population health

Governments •   To improve  
public health

•   To control 
spending 

•   To support 
industry

•   Governments need to balance industrial 
and health policy

•   There is political aversion to denying 
access to new drugs

•   Pressure to ensure timely access to new 
drugs can be highly politicised

Table 1. Overview of key stakeholders in the pharmaceutical system and their 
objectives (continued)

Design Principles for a Coherent Pharmaceutical System
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The current pharmaceutical policy landscape

Section 4 The current 
pharmaceutical policy landscape

This section outlines current global approaches to promoting innovation, access and 
affordability in relation to new medicines, along with their shortfalls.

Current approaches to incentivising  
pharmaceutical innovation
Expected profits – expected revenues net of expected costs (including the cost of 
capital) – drive industry investment in R&D.24,25 According to most recent estimates 
using publicly available data, the median capitalised R&D investment required to bring 
a single new drug to market is estimated at approximately $1,142 million (£844 million) 
– both figures relate to 2018, including the cost of failed trials and the cost of capital.26 
Estimates of the cost of drug development are highest in therapeutic areas that have 
lower regulatory barriers to market entry and those that benefit from higher willingness 
to pay in health systems.27 Industry’s investment in R&D is greater in such therapeutic 
areas than in others.28

Owing to the size of the US market for pharmaceuticals, US policy has a 
disproportionately large influence on global pharmaceutical innovation and patterns of 
R&D (Box 2). Without policy intervention, companies would develop drugs that are 
most likely to maximise profits from large markets, such as the US.29 

Design Principles for a Coherent Pharmaceutical System
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Box 2 – US influence on global pharmaceutical innovation
The US is the largest, and most lucrative, pharmaceutical market in the world, 
accounting for almost half (£390 billion) of global sales in 2020.28 In comparison, 
the UK represented approximately 2 to 3 per cent of global sales in the same 
year.28 The US invests considerably more than other countries in pharmaceutical 
R&D.30 In addition, lacking comprehensive national-level drug price regulation, the 
US health care system permits companies to maximise profits by charging payers 
“what the market will bear”.31 Even recent drug pricing reforms (as recent as 2022) 
are likely to be narrow in scope.32 The US health care system therefore signals a 
considerably higher willingness to pay for new drugs than other systems (as we 
outline in the first report in this series on pharmaceutical policy, A Primer on 
Pharmaceutical Policy and Economics). 

Predictably, pharmaceutical policy in the US has measurable impacts on global 
drug development:

•   US-based incentives for the development of drugs to treat rare diseases in the 
1980s are associated with large increases in R&D spending on clinical trials for 
and approvals of drugs to treat rare diseases. Health systems’ high willingness 
to pay for rare-disease drugs further sustains these increases.33

•   Implementation of Medicare Part D in 2006, which provides prescription drug 
coverage to more than 49 million older Americans, increased drug development 
activity in therapeutic areas such as cancer that are directly affected by the 
programme.24 In Medicare Part D, insurers are legally mandated to pay for all 
new cancer drugs irrespective of their costs and benefits.34 

•   More recently, the creation of the US Food and Drug Administration (FDA) 
Breakthrough Therapy Designation in 2012, which introduced additional regulatory 
flexibility in evidence standards for regulatory approval for so-called ‘precision’ 
medicines, led to increased R&D activity in affected treatment categories.35

To incentivise industry investment in R&D, governments and policymakers rely on two 
main mechanisms. First, ‘push’ incentives are used to subsidise the initial costs of 
R&D, for example through direct funding of research or tax incentives for private 
companies.36 This so-called push funding of R&D accounts for a significant share of 
early-stage basic and translational drug discovery research.37 As these public sector 
investments occur early in the development process, they also have a high contribution 
to the overall capitalised cost of development after taking account of the cost of 
capital and the cost of failure. In the US, for example, the National Institutes of Health 
is the largest single public funder of health research globally, contributing to all new 
drugs that were approved in the US between 2010 and 2019.38,39 Public funding of 

Design Principles for a Coherent Pharmaceutical System
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early-stage research complements and stimulates industry investment in later-stage 
development.40,41 Notably, public sector financial support also contributes to late-stage 
drug development.42 This public push funding complements industry funding of clinical 
trials that lead to regulatory approval.43, 45

The second mechanism used to incentivise innovation consists of ‘pull’ mechanisms, 
which reward industry for the successful development of new drugs.36 The main forms 
of pull mechanisms that governments and regulators issue are patents and regulatory 
exclusivity, respectively. Both forms of monopoly protections are aimed at shielding 
new drugs from competition for a limited period of time following market entry, during 
which higher prices than what would be possible in a competitive market can be 
charged. In recent years, these pull incentives have become a complex system of 
rewards, not just for developing novel drugs, but also for testing already approved 
drugs in new areas, expanding the use of existing drugs for paediatric use or for use in 
rare diseases.46 Recent analysis shows that the average duration of a drug’s market 
exclusivity (monopoly) period ranges from around 13 to 14 years following market 
entry, and sometimes even longer.47 

Shortcomings of the current innovation landscape
The current innovation system delivers large numbers of new drug approvals each 
year. In 2018, a record number of new drugs were approved in the US.48 In fact, the 
average number of new drug approvals over the five-year period between 2016 and 
2020 was more than double that of the decade prior.49 These trends observed in the US 
can reasonably be used as a proxy for trends elsewhere globally, with similarly large 
numbers of approvals seen in other regions.50,51 Of these approvals, cancer treatments 
dominate, accounting for approximately a third of approvals in 2020.10 Recent trends 
also indicate a rapid rise in the number of drugs to treat rare diseases9, which tend to 
secure higher prices in health systems.52 

A growing number of new drug approvals in recent years is not necessarily indicative 
of therapeutically beneficial innovation. Despite record numbers of prescription drugs 
entering the market over the past decade, fewer than a third of new drugs provide 
added therapeutic benefit over existing alternatives.7,53 Marginal benefits associated 
with the majority of new cancer therapeutics have been extensively documented.54–56 
Two-thirds of recently approved cancer drugs do not have evidence on their survival or 
quality-of-life benefits.55 

Furthermore, recent drug approvals do not directly correspond to unmet medical and 
therapeutic needs. For example, innovation of new drugs for cardiovascular disease (the 
leading cause of death globally) is stagnant, and there is still significant unmet need in 
relation to antibiotics development, rare diseases and neglected tropical diseases.57 

Design Principles for a Coherent Pharmaceutical System
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Box 3 – Tension between health and industrial policy  
on innovation
In theory, health and industrial policy on innovation is aligned. Pharmaceutical 
companies’ R&D investments can deliver value to both patients and shareholders. 
Health policy objectives are met if R&D pipelines deliver new drugs that address 
unmet therapeutic or medical needs. Government industrial policy objectives are 
met when domestic R&D activity contributes to economic growth. Thus, 
government industrial policy is often aimed at reducing the duration, complexity 
and therefore the cost of R&D. This is designed to attract and promote industry 
investment in R&D.

In practice, however, industrial policy does not consistently align with health policy 
objectives.22,23 For example, existing ‘push’ mechanisms are often designed to 
prioritise domestic investment in pharmaceutical R&D activity, and create highly 
skilled jobs. However, the opportunity cost of government investment in promoting 
domestic pharmaceutical sector jobs is uncertain. Push mechanisms also rarely 
distinguish between meaningful and duplicative R&D efforts at the global level. 

Existing ‘pull’ mechanisms can also create tensions between industrial and health 
policy objectives. The current system of government-granted monopolies that 
intellectual property protections afford (ie, patents and market exclusivities) is the 
primary reason behind high prices of brand-name drugs. In addition, these 
mechanisms do not improve – and may even harm – the availability and 
affordability of new medicines in some resource-constrained health systems.58

Current approaches to achieving timely patient 
access to new drugs
Ensuring that the benefits of new drugs outweigh their harms is time-consuming and 
resource intensive. Investigational products cannot enter the market before 
pharmaceutical companies undertake rigorous studies which demonstrate their 
products’ efficacy and safety. Data from clinical studies then undergo scientific 
assessment, first by regulatory agencies and subsequently by payers or HTA bodies. 

Since regulatory evidence standards were established in the US in the 1960s (and 
implemented shortly after in other settings, including the UK), delays to patient access 
have been a frequent subject of debate.59 Critics have argued that requiring companies 
to conduct lengthy clinical trials will unnecessarily delay access to new drugs, make 
drug development financially unsustainable and harm innovation.60 Drugs now spend 
an average of 8.1 years in clinical testing to meet regulatory evidence standards for 
clinical efficacy and safety, preceded by several additional years of drug discovery and 
pre-clinical testing.27 Similarly, criticism has also been directed towards regulatory and 

The current pharmaceutical policy landscape
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HTA agencies to speed up their review times.61,62 Inevitably, the enforcement of more 
stringent regulatory standards has presented drug regulatory agencies with a trade-off 
between rigorous evidence standards and timely access to new medicines.

Over the past few decades, governments and regulators have made several attempts 
to expedite patient access to new therapies. To speed up regulatory approval, for 
example, drug regulatory agencies now charge ‘user fees’ to pharmaceutical 
companies for their assessments. These charges support greater staffing levels at 
regulatory agencies, leading to significantly faster review times.63 The pharmaceutical 
industry now pays 75 per cent of the costs of scientific review in the US.64 In Europe, 
fees and charges that industry pays to fund regulatory review fund more than 85 per 
cent of the European Medicines Agency’s (EMA’s) budget.65 

Governments and drug regulators have also introduced substantial flexibility in their 
evidence standards by creating ‘expedited approval pathways’ to speed up the 
development, review and approval of new drugs.66-68 These pathways differ in their scope 
and focus. Some impose strict deadlines on regulatory review times, while others 
explicitly lower evidentiary standards for market entry to speed up approvals.68 Between 
three-quarters and four-fifths of new drug approvals in the US now benefit from these 
expedited pathways.9,69 Only a small minority are ‘conditional’ approvals.69,70 Drugs that 
qualify for expedited approval pathways benefit from shorter clinical development 
durations and regulatory review times, and therefore enter the market faster.71,72 

Shortcomings of the current access landscape
Regulatory efforts have been successful in speeding up drug approval times. In the US 
between 1986 and 2018, median FDA drug approval times decreased from 2.8 years to 
less than a year.9 Outside of the US, there has also been marked improvements on 
historic drug review times.72,73 Although greater regulatory flexibility in evidence 
standards has also expedited market access to new drugs, efforts to shorten clinical 
development times (as opposed to regulatory review times) can lead to substantial 
uncertainty about the drugs’ benefits and harms.68 

To speed up patient access, drugs that qualify for expedited regulatory programmes 
receive approval based on less comprehensive data than what is traditionally required for 
approval.74 Randomised controlled trials (RCTs) are the most appropriate method to 
determine the benefits and harms of new drugs.75 However, evidence underpinning the 
approval of expedited drugs is less likely to come from RCTs than that of non-expedited 
drugs.76 Clinical trials of drugs qualifying for expedited programmes also tend to have 
smaller sample sizes and shorter follow-up durations and are more likely to use 
‘surrogate’ endpoints.77 Many surrogate endpoints are not valid predictors of clinically 
meaningful, patient-relevant outcomes such as survival or quality of life.78-81 

The current pharmaceutical policy landscape
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A prevailing misconception is that, in theory, post-approval research can mitigate 
uncertainties around new drugs.82,83 However, such research often does not fill the 
evidence gaps that exist at the time of initial approval.84 In addition, pharmaceutical 
companies have little financial incentive to undertake such post-approval studies, 85 
meaning post-approval study commitments are often terminated or remain incomplete 
many years after approval.86-88 Even when completed, many post-approval studies are 
found to be inadequately designed to further inform decisions surrounding the drugs’ 
adoption and use.89 Therefore, in reality, key limitations of evidence available on drugs 
at the time of regulatory approval often persist during the post-approval period, 
regardless of whether post-approval studies have been conducted.90

In cases where post-approval studies fail to confirm the clinical benefits of new drugs, 
evidence shows that they nevertheless often remain on the market for long periods of 
time.91 Similarly, clinical practice guideline recommendations may not change in a 
timely manner even when post-approval research finds no evidence of clinical benefit 
for new drugs.91 

Regulatory agencies’ growing reliance on user fees from industry has led to concerns 
about the undue influence of pharmaceutical companies on regulatory processes and 
decisions.92,93 In the European Union, the Ombudsman recently carried out an inquiry 
into companies’ pre-approval interactions with the EMA and whether these could 
influence the eventual opinions of EMA committees.94 In the US, the recent FDA 
approvals of eteplirsen (Exondys®) and aducanumab (Aduhelm®) against the near-
unanimous recommendations of its scientific advisory committees have raised 
questions about regulatory independence from pharmaceutical companies,95,96 
particularly since drug regulators conventionally adopt the recommendations of their 
advisory committees.97 

Box 4 – Tension between health and industrial policy on access
Shortening the duration of clinical development and regulatory/HTA review 
reduces costs for pharmaceutical companies and can effectively lengthen the 
monopoly period during which they can charge higher prices. Patients may also 
derive benefit from faster access to new drugs if they are more effective than 
existing treatment alternatives. 

However, industrial policies aimed at speeding up access by lowering the bar to 
market entry may be at odds with health policy objectives. Greater uncertainty 
about drug benefits at the time of regulatory approval complicates decision-
making for patients, clinicians, HTA bodies and payers. The absence of necessary 
data to establish the true comparative benefits, harms and costs of new drugs 
relative to existing alternatives makes it difficult to determine whether new drugs 
are more clinically effective than existing alternatives and whether they offer good 
value for money in health systems.98

Design Principles for a Coherent Pharmaceutical System
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Current approaches to ensuring affordability
Drug spending is rising across health care systems, driven by both the price and 
volume of prescription drugs.31,99 In the countries of the Organisation for Economic 
Co-operation and Development (OECD), pharmaceutical spending now accounts for 
between 1 per cent and 2 per cent of Gross Domestic Product (GDP), and roughly 15 
per cent of total health spending.100 

Latest figures from the OECD suggest that spending on drugs prescribed in the 
community in many high-income countries has remained stable or decreased  
relative to GDP or health spending during the past 10 to 15 years, primarily due to 
patent expiry of several commonly used drugs.101 However, hospital spending on 
pharmaceuticals has recently increased in many countries, outpacing the growth of 
overall health expenditures.102 

While recently approved patented drugs typically account for less than 20 per cent of 
prescriptions in most high-income countries, they are responsible for more than 80 per 
cent of spending.103 A considerable proportion of this spending is on highly priced 
drugs that target relatively rare conditions. In the US, roughly 1 per cent of prescription 
drugs in public insurance plans account for around 30 per cent of net drug spending.104 

With the exception of the US, high-income countries have comprehensive pricing 
regulation to lower prescription drug prices. Most high-income countries rely (at least 
in part) on HTA to evaluate whether new drugs offer good value for money when 
compared with existing alternatives.105 Other common strategies, which are used in 
combination with HTA, include paying similar amounts for comparable products 
(internal reference pricing) and anchoring prices in one setting to those in other 
settings (external reference pricing).106,107 Predictability in spending is also ensured by 
requiring companies to pay rebates when spending exceeds a pre-specified budget, as 
in the case of the UK.108 

Policymakers have also implemented more targeted mechanisms to improve 
affordability. For example, NHS England has implemented a ‘budget impact test’ to 
phase in the introduction of drugs with a high budget impact (exceeding £20 million in 
any of the first three years) in England.109 In the US, public and private payers have 
embraced utilisation management approaches such as prior authorisations (seeking 
approval from the payer prior to dispensing certain drugs) to manage high drug costs. 
In theory, risk-sharing and managed-entry agreements between payers and 
manufacturers aim to mitigate the risk of uncertainty by creating an opportunity to 
review prices once more evidence becomes available.110–112

Design Principles for a Coherent Pharmaceutical System
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Shortcomings of the current affordability landscape
Payers’ ability to negotiate with pharmaceutical companies and to say ‘no’ to highly 
priced drugs that do not offer good value for money is an effective strategy to lower 
drug prices and control spending.20 However, governments and payers have an 
aversion to denying access to certain treatments,113 especially if those treatments are 
available to patients in other settings. As payers are increasingly faced with intense 
public and political pressure to cover new highly priced drugs, affordability has become 
a pressing problem.114

List prices of new drugs during the monopoly period typically do not reflect the 
products’ clinical benefits. For example, recent studies found no association between 
company-set prices for new cancer drugs and their therapeutic benefits.115-118 HTA has 
had mixed success in better aligning drug prices with their clinical benefits.119 While 
drugs that offer added therapeutic benefit over alternatives have higher prices in some 
countries (eg, Germany 120), the association between price and benefit is weak in 
others (eg, France 121 and Italy 122). There is also growing concern that increased drug 
spending yields diminishing health benefits at the population level. In fact, drug 
spending during the monopoly period may be displacing other cost-effective services 
and treatments and may even be harmful to population health (Box 5). 

Box 5 – Opportunity costs of drug spending
It is important to consider the opportunity costs of allocating resources to new drugs. 
Economists define opportunity costs as “benefits foregone by particular use of 
resources”.123 Under fixed (and often limited) health care budgets, allocating resources 
to new interventions (including drugs) will displace other existing health care services. 
The opportunity cost in relation to health is therefore defined as “the health lost as a 
result of the displacement of activities to fund the selected intervention”.124

In the context of drug spending, when a new drug that benefits a particular group 
of patients is funded in a health system, this funding decision may impose costs 
on other patient populations in terms of foregone benefits.125 

This may be an acceptable trade-off if the health benefits derived from a new drug 
are equivalent to, or better than, those derived from treatments or services 
foregone. However, when a new drug costs more to generate a health outcome 
than the health care it displaces, the opportunity cost exceeds health benefits and 
overall population health declines.126 

It is difficult to identify the precise health opportunity cost due to limitations of 
available data in health systems, making decisions surrounding these trade-offs 
challenging. According to recent empirical evaluations, the point at which 
opportunity costs outweigh treatment benefits may be substantially lower than 
the current levels of willingness to pay in health systems.127-129 
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Risk-sharing and managed-entry agreements between payers and manufacturers have 
been counterproductive, as they have put the onus on payers to address gaps in 
evidence and determine value.130 Such agreements are designed to facilitate the 
market entry of new drugs while managing uncertainty around their performance. 
Payers find risk-sharing agreements administratively complex and costly.130 Experience 
to date suggests that they have not produced meaningful evidence to reduce 
uncertainties post-approval.111 Risk-sharing and managed-entry agreements may even 
lead to an increase in manufacturer-set list prices, as companies may charge higher 
prices to reduce revenue loss associated with anticipated discounts.131
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Box 6 – Tension between health and industrial policy  
on affordability
Health and industrial policy objectives in relation to affordability are broadly 
aligned over the long term. Health policy aims to maximise population health while 
incentivising future pharmaceutical innovation. Industrial policy aims to support 
the pharmaceutical sector to promote the development of therapeutic advances. 
However, objectives diverge in the short term. The health system objective of 
containing prescription drug expenditures is directly at odds with the industrial 
policy objective of promoting industry’s interests in maximising profits.22,23,132 This 
divergence in the short term makes setting a coherent pharmaceutical policy on 
affordability particularly challenging. 

Historically, health policies on affordability have sent mixed signals to industry. On 
the one hand, health systems have demonstrated a willingness to pay more for 
drugs in certain therapeutic areas (eg, oncology) regardless of their clinical benefit 
or cost. In the US, there are several laws and regulations mandating insurance 
coverage for new cancer drugs.34 Under intense public and political pressure, the 
UK government established a special Cancer Drugs Fund in 2010 to give cancer 
patients access to drugs that the National Institute for Health and Care Excellence 
(NICE) did not deem cost-effective (this fund has since been reformed).133 
Inadvertently, such dedicated schemes that guarantee coverage and 
reimbursement indirectly encourage companies to charge ever-increasing prices 
for affected products.134 These schemes also distort R&D practices, favouring 
disease areas that are more likely to produce substantial financial returns for the 
industry.24,25 It is therefore unsurprising that oncology attracts considerably more 
investment than other therapy areas.26 
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Box 6 – Tension between health and industrial policy  
on affordability (continued)
On the other hand, payers have used blunt cost-containment tools to reduce the 
budget impact of certain drugs shown to offer good value for money.135 Some payer 
strategies to tackle affordability have disproportionately disadvantaged drugs 
targeting prevalent conditions due to their high budget impact. Such budget impact 
concerns have been particularly acute for one-off treatments. Indeed, recent 
episodes of delayed or restricted access to expensive but cost-effective therapies 
such as sofosbuvir have shown health systems’ limited ability to reward meaningful 
innovation in prevalent diseases. In the US, the majority of states considered 
sofosbuvir a ‘non-preferred’ drug, severely restricting patient access to it.136 As some 
observers have pointed out, the budget impact test in England has explicitly ‘slow-
tracked’ expensive new drugs regardless of their cost-effectiveness.109 



23 Design principles to build a more coherent pharmaceutical system

Section 5 Design principles to build a 
more coherent pharmaceutical system

Recent proposals aimed at addressing the key challenges in the pharmaceutical sector 
have ranged from a complete overhaul of the current system (such as nationalising 
drug development)137 to more incremental changes (such as more stringent price 
regulation). Other proposals have recommended replacing the patent-based innovation 
system with prizes, or paying for clinical trials using public funding instead of industry 
sponsorship of trials.138,139 Many of these proposals are aimed at completely 
transforming the pharmaceutical policy landscape, for which there appears to be little 
political appetite. Furthermore, their implementation would require international 
cooperation, the renegotiation of trade agreements, legislation change or initial 
government funding (although these might ultimately yield substantial savings in  
the long term). 

Short of a major overhaul, there are important opportunities to address the limitations 
of the current system. Below, we outline four evidence-based design principles for 
improving the coherence of the pharmaceutical policy landscape. 

Design Principles for a Coherent Pharmaceutical System
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Principle 1 – Integrating health and industrial policy, 
prioritising areas of alignment
The degree of alignment between health system and industry interests in relation to 
the innovation, access and affordability goals of pharmaceutical policies varies. 
Policymakers should explicitly acknowledge the inherent tensions between health and 
industrial policy objectives and identify and prioritise areas of alignment. 

Innovation
Governments have an opportunity to effectively strike an optimal balance between 
health and industrial policy on innovation. Government-led mechanisms and public 
institutions are key drivers of R&D and can stimulate industry investment. Public sector 
funding is disproportionately important in the development of drugs that generate 
important health gains.140,141 For example, fundamental research underpinning the 
development of drugs with major therapeutic benefits over the past half-century can 
be traced back to public sector research institutions and academic organisations.140 
Therefore, public sector research funding should be directed at areas of unmet need 
and used as a catalyst for subsequent industry R&D investment in these areas.142 
Lessons from the COVID-19 pandemic confirm the important role of governments in 
the R&D effort on therapeutics and vaccines.143,144 Greater global coordination of public 
investment can reduce the fragmentation of research efforts and better align 
pharmaceutical R&D and unmet needs. 

Access
There is a trade-off between health and industrial policy objectives in relation to fast 
market access. Policies aimed at increasing the attractiveness of investment to 
industry by reducing the barrier to market entry and expediting drug development are 
associated with increased R&D activity in large markets such as the US.35 However, 
these increases come at a cost to health systems. The increased uncertainty 
associated with expediting drug development and approval has important adverse 
consequences for patients and physicians.68 It also dramatically limits health systems’ 
ability to ensure that new drugs offer good value for money. Policies aimed at speeding 
up access to new drugs should prioritise efforts designed to improve both the quality 
and the efficiency of clinical trials.145-147 
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Affordability
Finding a balance between health and industrial policy in terms of affordability is even 
more difficult. Pharmaceutical policies that meet the health system goal of 
affordability would likely reduce pharmaceutical companies’ profitability.127 Several 
earlier studies have identified a positive association between company revenues and 
R&D activity.148 However, much of R&D activity tends to be duplicative and target 
already crowded therapeutic areas, rather than scientifically novel pathways.149 There 
are also diminishing marginal returns to incentives for pharmaceutical R&D.150 
Although lower prices would likely result in reduced R&D activity over time, there may 
be an opportunity to shed inefficiencies in R&D and direct industry investments 
towards areas that would benefit health systems.151 A more coherent payment policy 
(as we outline below, Principle 3) would send a strong signal to industry to invest in 
transformative innovation.

A potential concern for policymakers is that pricing regulation aimed at improving 
affordability could result in fewer new drug launches and launch delays. Although 
research from the 1990s found an association between pricing regulation and drug 
launch,152 more recent evidence from Germany suggests that pricing regulation has had a 
limited effect on the availability of new drugs, and almost all drugs with added therapeutic 
benefits have remained on the German market following pricing negotiation.153 

Across all three domains of innovation, access and affordability, the discourse on 
pharmaceutical policy often conflates domestic and global issues. The tension 
between health and industrial policy is starkest when access and pricing policies are 
framed as levers to promote private investment in domestic R&D activity. Predictably, 
access and pricing policies in countries that make a relatively small contribution to 
industry’s global profits have a limited impact on the global R&D spending and 
investment decisions of pharmaceutical companies. There is also no evidence that 
links national access and pricing policies to domestic R&D investment decisions in 
different settings. 

Principle 2 – Enforcing meaningful evidence 
standards for new drugs
Evidence standards that regulatory agencies enforce ultimately determine the quantity 
and quality of the available evidence on new drugs.154 This evidence reduces uncertainty 
surrounding a drug’s safety and efficacy, and underpins subsequent pricing and 
reimbursement decisions. Regulators should ensure that regulatory flexibility aimed at 
promoting timely patient access does not compromise existing evidence standards.
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Over the past three decades, the proportion of new drugs entering the market on the 
basis of at least two pivotal clinical trials has declined, from more than four-fifths in 
1995 to 1997 to about a half in 2015 to 2017.77 A greater share of new drugs now 
enters the market on the basis of single-arm (uncontrolled) studies.155 Fewer than half 
of new drugs are compared against existing drugs.156 And most new drugs are 
assessed in clinical trials using surrogate endpoints that are not reliable predictors of 
clinical outcomes.76,157,158

With the ability to intervene before new drugs reach patients, regulatory agencies are 
uniquely placed to enforce rigorous evidence standards for new drugs. We outline 
below three important features of clinical studies, which affect the validity and 
usefulness of evidence for decision-making in health systems. These features may 
increase clinical trial costs; but these additional costs should be weighed against the 
health benefits of generating better data and reducing uncertainty.

First is the type of clinical study from which evidence is obtained. RCTs have greater 
validity than observational studies (or ‘real-world evidence’) when determining the 
efficacy and safety of new drugs.75 Despite recent enthusiasm for using real-world 
evidence for efficacy and safety assessment,159 in most cases, only well-designed 
RCTs can safeguard against known and unknown sources of bias when evaluating 
new drugs.160 It is not uncommon for a new RCT to contradict findings of earlier 
observational studies, leading to ‘medical reversal’ of or changes in clinical guidance.161 

Second, clinical studies that collect data on outcomes that matter to patients (eg, longer 
survival, better symptom relief or improved quality of life) are most informative in clinical 
practice and health policy.81 For results of clinical studies to translate into patient 
outcomes, regulatory agencies should, where possible, strongly favour evidence from 
clinical endpoints (eg, survival) over surrogate endpoints (eg, tumour shrinkage).158

Third, to inform decisions about which new drugs to use and pay for after approval, 
patients, clinicians, HTA bodies and payers need evidence on the comparative benefits and 
harms of new drugs versus existing ones. Therefore, drug regulators should incentivise 
companies to invest in clinical trials that directly compare a new drug to existing 
treatments (as opposed to a placebo or no control). These trials produce comparative 
data that are essential for informing reimbursement as well as clinical decisions.156,162 

Effective enforcement of these three features of clinical studies would considerably 
reduce uncertainty and improve the data available for decision-making downstream of 
regulatory approval. Enforcing meaningful evidence standards for new drugs would 
likely increase the cost of drug development unless such strategies are coupled with 
efforts to improve the efficiency of clinical trials.163 However, recent regulatory 
guidance in the US and Europe to conduct more costly clinical trials in selected 
therapeutic areas such as diabetes has not hampered drug development.164 In fact, 
regulatory guidance has incentivised companies to demonstrate the effects of their 
drugs on outcomes that matter to patients.165 
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Principle 3 – Paying for value and  
ensuring affordability
Policymakers and payers strive to achieve the greatest improvement in population health 
relative to spending on drugs (value for money) while also incentivising future 
pharmaceutical R&D. To achieve this efficiency goal in both the short and the long term, 
aligning the price of new drugs with the clinical benefits they provide would ensure that 
price is commensurate with value and that companies are fairly compensated for their 
R&D.166 Crucially, the benefit of aligning drug price with value stretches beyond the 
individual drug concerned. Doing so would also ensure that prices paid for the health 
benefits of new drugs are consistent with the amounts paid for generating similar health 
benefits using already existing treatments in the health care system. 

Policymakers in many countries employ economic evaluation to help determine the 
value of new drugs. Many high-income countries (eg, Australia and England) formally 
conduct cost-effectiveness analyses as part of their HTA processes.167 However, such 
analyses alone are insufficient to determine the value-based price of a new drug.126 
Determining whether a new drug offers value for money requires identifying a 
threshold – the maximum acceptable additional cost needed to achieve one additional 
unit of health outcome when using a new drug compared with its alternatives.126 The 
cost-effectiveness threshold helps policymakers to ensure that resources are allocated 
efficiently to maximise population health.

Setting the cost-effectiveness threshold at the health opportunity cost in a given health 
care system would determine the point at which the cost of a new drug equals its 
benefits, relative to other treatments across the health system.168 At this level, the 
health benefit derived from new drugs would be equivalent to that derived from 
foregone interventions and services. Pricing new drugs at the health opportunity cost 
threshold would mean that the net health benefit associated with new drugs would be 
zero during the monopoly period.169 Therefore, if new drugs were priced at the health 
opportunity cost threshold, health systems would only incur positive net health 
benefits after generic competition drives prices down.170 

Although some reimbursement systems currently use cost-effectiveness thresholds, 
they are often not empirically based, and therefore may not reflect value.171 In England, 
for example, NICE uses an incremental cost-effectiveness threshold of between 
£20,000 and 30,000 per quality-adjusted life year (QALY) gained. Yet, the current best 
estimate of the health opportunity cost in the English National Health Service is around 
£12,000 per QALY.127 Implementing thresholds higher than those derived empirically 
promotes spending on new drugs, which is harmful for population health.172 Similar 
principles can be applied to different countries with differing abilities to pay.128 It is 
important to note, however, that obtaining an evidence-based estimate of opportunity 
costs in health systems is not straightforward due to the limited availability of 
longitudinal data on expenditures as well as mortality and morbidity trends, which are 
essential for estimating the marginal productivity of the health system.127
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Cost-effectiveness analyses highlight to policymakers which drugs provide value for 
money but do not necessarily address affordability. Some cost-effective drugs may still 
be unaffordable because of their overall impact on spending in a given budgetary 
period.173 Recently, some cell and gene therapies had list prices exceeding £500,000 
for a one-off treatment. Although these treatments are currently indicated for small 
numbers of patients, eligibility is expected to broaden in the future, and may require a 
recalibration of current payment approaches.174,175 Another illustrative example is that 
of sofosbuvir (Sovaldi®). Despite providing a cost-effective treatment option, its high 
list price resulted in the drug costing the US health system more than £5.8 billion in the 
first year post-approval alone.176 

‘One-off’ treatments such as cell and gene therapies present distinct affordability 
challenges.117 Such treatments may cost health systems multiple orders of magnitude 
more than chronic treatments. Costs associated with chronic treatments are spread 
over the full lifecycle of the product, with an opportunity for health systems to benefit 
from post-patent expiry savings. There is no similar opportunity for one-off treatments, 
as they require payment upfront. This is further exacerbated in therapeutic areas with 
high prevalence and low incidence, as demand typically declines over time.178 

To ensure the long-term affordability of one-off treatments, it is possible to explicitly 
incorporate budget impact considerations into cost-effectiveness analyses for HTA.179 
Payment models that ‘de-link’ payment from volume, spreading the upfront costs of new 
drugs (eg, the so-called ‘Netflix model’),180 could also be better alternatives than ‘slow-
tracking’ or restricting access to expensive but cost-effective therapies. Annual payments 
linked to drugs’ performance on measurable and clinically meaningful outcomes may 
help alleviate the affordability challenges associated with one-off treatments.177

Principle 4 – Improving transparency
Transparency is essential for meeting the innovation, access and affordability aims of 
pharmaceutical policies. Enhanced transparency surrounding clinical trial data would 
lead to a more reliable evidence base, and facilitate better understanding of the 
benefits and harms of new drugs at approval.181 Greater transparency would also 
improve public health by allowing third parties due scrutiny of trial data and decision-
making processes.182 

Yet, several key aspects of the current pharmaceutical system lack transparency. For 
example, clinical trials supporting the regulatory approval of new drugs may not be 
disseminated in a timely manner. Until recently, clinical trials with favourable results 
were more likely to be published than trials with null or non-favourable findings.183,184 
Combining findings from published and non-published trials can alter a drug’s apparent 
benefit–harm profile.185,186 Such selective publication can therefore distort decision-
making in clinical practice and health policy. Non-publication of completed studies can 
also contribute to duplication of efforts and research waste.187 
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Over the past two decades, legal mandates to register clinical trials in publicly available 
repositories in Europe and the US have substantially improved timely reporting of 
clinical trials, but there remains room for improvement.188 More recently, several 
independent initiatives to promote data sharing have also emerged.189 However, 
individual participant data from drug trials remain largely unavailable. Further 
improvements in the transparency of individual patient data are likely to allow 
independent re-analysis to verify the findings, generate new hypotheses and identify 
subgroups of patients who may respond differently to the drug in question.190,191 
Sharing individual participant data can help guide evidence-based decisions.192 

Much of the recent policy attention has been on improving transparency on drug 
pricing.193 Pharmaceutical companies often argue that high drug prices are necessary 
to recoup large R&D investments. Currently, information on the amount that 
companies spend on R&D to bring a single new drug to market is not publicly available. 
Even the most credible estimates are based on the small subset of publicly traded US 
companies, accounting for fewer than a fifth of drug approvals over the past decade.26 
However, greater transparency of pharmaceutical R&D costs may have unintended 
consequences. Public reporting may inadvertently reduce the efficiency of R&D and 
increase the cost of drug development. From an economic perspective, it is not 
desirable to link drug prices to R&D expenditures (as outlined above, Principle 3). 

In addition, payers do not disclose any information on negotiated discounts, rebates and 
similar mechanisms to lower drug prices in other settings.194 In 2019, member states of 
the World Health Organization adopted the ‘Transparency Resolution’ (World Health 
Assembly resolution 72.8), which aims to improve the public disclosure of net drug 
prices (including rebates and discounts).195 Notably, disclosure of confidential discounts 
may compromise payers’ negotiating power and further exacerbate access issues in 
countries with less ability to pay. Explicit use of empirically derived cost-effectiveness 
thresholds (based on health systems’ marginal productivity) to determine pricing and 
reimbursement decisions would improve transparency internationally. 

Greater transparency on industry payments to and interactions with physicians, health 
care organisations, patient organisations and other decision-makers is warranted.196 
Until recently, there was limited publicly available information on the extent and nature 
of industry payments to physicians and health care organisations. In the US, the 
Physician Payments Sunshine Act 2010 has mandated the public disclosure of all 
physician payments exceeding $10. In other settings, including the UK, attempts at 
improving transparency on physician and patient organisation payments have been 
voluntary.17 Mandatory disclosure of industry payments in a publicly available database 
is needed to ensure complete transparency.
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Section 6 Conclusions

The current pharmaceutical system presents several opportunities to reconcile the 
innovation, access and affordability aims of health policies. Although existing ‘push’ 
and ‘pull’ innovation incentives are effective in delivering record numbers of new drug 
approvals, they do not always prioritise unmet needs or innovations that offer step-
change improvements in patient outcomes. 

Recent policy interventions also achieve substantially faster access to new drugs but do 
not effectively incentivise the generation of essential evidence on the benefits and harms 
of new drugs, leading to uncertainty about their clinical effectiveness and cost-
effectiveness. Such uncertainty puts significant pressure on HTA bodies, as well as 
payers, to appraise and cover drugs on the basis of very limited evidence after approval. 
Despite uncertain clinical benefits, new drugs invariably demand high prices, which 
patents and other market exclusivities sustain. To date, policy responses to high prices 
have been fragmented, with varied success in aligning drug prices with their benefits. 

A coherent pharmaceutical system would:

•   strike a more optimal balance between population health and industrial  
policy objectives

•   address patients’ need for timely access to new drugs

•   ensure the efficient use of health care resources

•   foster meaningful innovation.

Policymakers can strike this balance by:

•   more closely integrating health and industrial policy

•   enforcing meaningful evidence standards for new drugs

•   explicitly linking drug prices to the value they offer relative to existing treatments 
(while taking account of the health opportunity cost) 

•   promoting greater transparency throughout the drug lifecycle.

Design Principles for a Coherent Pharmaceutical System

Conclusions



31

References

1 Buxbaum, J. D., Chernew, M. E., Fendrick, A. M. and Cutler, D.M. “Contributions 
of public health, pharmaceuticals, and other medical care to US life expectancy 
changes, 1990-2015”. Health Affairs 39, 1546–1556 (2020).

2 Manns, M. P. and Cornberg, M. “Sofosbuvir: the final nail in the coffin for hepatitis 
C?”. The Lancet Infectious Diseases 13, 378–379 (2013).

3 Lawitz, E. et al. “Sofosbuvir for previously untreated chronic hepatitis C infection”. 
New England Journal of Medicine 368, 1878–1887 (2013).

4 Longo, D. L. “Imatinib changed everything”. New England Journal of Medicine 376, 
982–983 (2017).

5 Lopez Bernal, J. et al. “Effectiveness of the Pfizer-BioNTech and Oxford-AstraZeneca 
vaccines on Covid-19 related symptoms, hospital admissions, and mortality in older 
adults in England: test negative case-control study”. BMJ 373 (2021).

6 DiStefano, M. J., Kang, S. Y., Yehia, F., Morales, C. and Anderson, G. F. “Assessing 
the added therapeutic benefit of ultra-expensive drugs”. Value in Health 24, 
397–403. doi:10.1016/j.jval.2020.10.021 (2021).

7 Wieseler, B., McGauran, N. and Kaiser, T. “New drugs: where did we go wrong and 
what can we do better?”. BMJ 366, l4340 (2019).

8 Institute for Clinical and Economic Review. Aducanumab for Alzheimer’s Disease: 
Effectiveness and value. ICER. https://icer.org/wp-content/uploads/2020/10/
ICER_ALZ_Revised_Evidence_Report_06302021.pdf (2021).

9 Darrow, J. J., Avorn, J. and Kesselheim, A. S. “FDA approval and regulation 
of pharmaceuticals, 1983-2018”. JAMA 323, 164–176. doi:10.1001/
jama.2019.20288 (2020).

10 IQVIA Institute. Global Oncology Trends 2021: Outlook to 2025. IQVIA Institute. 
https://www.iqvia.com/insights/the-iqvia-institute/reports/global-oncology-
trends-2021 (2021).

11 Mailankody, S. and Prasad, V. “Five years of cancer drug approvals: innovation, 
efficacy, and costs”. JAMA Oncology 1, 539–540 (2015).

Design Principles for a Coherent Pharmaceutical System

References



32

12 Howard, D. H., Bach, P. B., Berndt, E. R. and Conti, R. M. “Pricing in the market for 
anticancer drugs”. Journal of Economic Perspectives 29, 139–162 (2015).

13 Wouters, O. J. “Lobbying expenditures and campaign contributions by the 
pharmaceutical and health product industry in the United States, 1999-2018”. 
JAMA Internal Medicine 180, 688–697 (2020).

14 Chimonas, S. et al. “Mapping conflict of interests: scoping review”. BMJ 375, 
e066576 (2021).

15 Abraham, J. “The pharmaceutical industry as a political player”. The Lancet 360, 
1498–1502. doi:10.1016/S0140-6736(02)11477-2 (2002).

16 McCoy, M. S. et al. “Conflicts of interest for patient-advocacy organizations”. New 
England Journal of Medicine 376, 880–885. doi:10.1056/NEJMsr1610625 (2017).

17 Ozieranski, P., Rickard, E. and Mulinari, S. “Exposing drug industry funding of UK 
patient organisations”. BMJ 365. doi:10.1136/bmj.l1806 (2019).

18 Britten, N. et al. “Patient involvement in drug licensing: a case study”. Social 
Science & Medicine 131, 289–296 (2015).

19 Organisation for Economic Co-operation and Development. Health at a Glance 
2019. OECD. https://www.oecd-ilibrary.org/social-issues-migration-health/
health-at-a-glance-2019_4dd50c09-en (2019).

20 Mossialos, E., Mrazek, M. and Walley, T. Regulating Pharmaceuticals in Europe: 
Striving for efficiency, equity and quality. McGraw-Hill Education (2004).

21 Woods, B., Lomas, J., Sculpher, M., Weatherly, H. and Claxton, K. Achieving 
Dynamic Efficiency in Pharmaceutical Innovation: Identifying the optimal share of 
value, the payments required and evaluating pricing policies. Economic Methods 
of Evaluation in Health and Care Interventions (EEPRU) (forthcoming).

22 Walley, T., Earl-Slater, A., Haycox, A. and Bagust, A. “An integrated national 
pharmaceutical policy for the United Kingdom?”. BMJ 321, 1523–1526. 
doi:10.1136/bmj.321.7275.1523 (2000).

23 Morgan, S., McMahon, M. and Greyson, D. “Balancing health and industrial policy 
objectives in the pharmaceutical sector: lessons from Australia”. Health Policy 
87, 133–145 (2008).

24 Blume-Kohout, M. E. and Sood, N. “Market size and innovation: effects of 
Medicare Part D on pharmaceutical research and development”. Journal of 
Public Economics 97, 327–336 (2013).

25 Acemoglu, D. and Linn, J. “Market size in innovation: theory and evidence from 
the pharmaceutical industry”. The Quarterly Journal of Economics 119, 1049–
1090. doi:10.1162/0033553041502144 (2004).

References

Design Principles for a Coherent Pharmaceutical System



33

26 Wouters, O. J., McKee, M. and Luyten, J. “Estimated research and development 
investment needed to bring a new medicine to market, 2009-2018”. JAMA 323, 
844–853. doi:10.1001/jama.2020.1166 (2020).

27 Wong, C. H., Siah, K. W. and Lo, A. W. “Estimation of clinical trial success rates 
and related parameters”. Biostatistics 20, 273–286. doi:10.1093/biostatistics/
kxx069 (2019).

28 IQVIA. “Pharmaceutical trends: top 10 pharmaceutical markets 
worldwide, 2018”. https://www.iqvia.com/-/media/iqvia/
pdfs/canada/2018-trends/top10worldwidesales_en_18.
pdf?la=en&hash=4F53F349B98F3D8D8477A791F03B93EC (2018).

29 Frank, R. G. and Ginsburg, P. B. “Pharmaceutical industry profits and research and 
development”. Health Affairs Blog. https://www.healthaffairs.org/do/10.1377/
hblog20171113.880918/full (2017).

30 Organisation for Economic Co-operation and Development. Research and 
Development in the Pharmaceutical Sector. OECD. https://www.oecd-ilibrary.org/
content/component/health_glance-2015-70-en (2015).

31 Kesselheim, A. S., Avorn, J. and Sarpatwari, A. “The high cost of prescription 
drugs in the United States: origins and prospects for reform”. JAMA 316, 858–
871. doi:10.1001/jama.2016.11237 (2016).

32 Hwang, T. J., Kesselheim, A. S. and Rome, B. N. “New reforms to prescription 
drug pricing in the US: opportunities and challenges”. JAMA 328, 1041–1042.  
doi:10.1001/jama.2022.15268 (2022).

33 Yin, W. “Market incentives and pharmaceutical innovation”. Journal of Health 
Economics 27(4), 1060–1077 (2008).

34 Leopold, C., Haffajee, R. L., Lu, C. Y. and Wagner, A. K. “The complex cancer 
care coverage environment — what is the role of legislation? A case study 
from Massachusetts”. The Journal of Law, Medicine & Ethics 48, 538–551. 
doi:10.1177/1073110520958879 (2020).

35 Hermosilla, M. “Ethical experimentation and regulatory flexibility in drug 
development”. Available at SSRN. https://ssrn.com/abstract=3731669 (2022).

36 Kremer, M. and Williams, H. “Incentivizing innovation: adding to the tool kit”. 
Innovation Policy and the Economy 10, 1–17 (2010).

37 Stevens, A. J. et al. “The role of public-sector research in the discovery of drugs 
and vaccines”. New England Journal of Medicine 364, 535–541 (2011).

References

Design Principles for a Coherent Pharmaceutical System



34

38 Cleary, E. G., Beierlein, J. M., Khanuja, N. S., McNamee, L. M. and Ledley, F. D. 
“Contribution of NIH funding to new drug approvals 2010–2016”. Proceedings 
of the National Academy of Sciences of the United States of America 115, 2329–
2334. doi:10.1073/pnas.1715368115 (2018).

39 Cleary, E., Jackson, M. J. and Ledley, F. “Government as the first investor in 
biopharmaceutical innovation: evidence from new drug approvals 2010–2019”. 
Institute for New Economic Thinking Working Paper Series (133) (2020).

40 Toole, A. A. “Does public scientific research complement private investment in 
research and development in the pharmaceutical industry?”. The Journal of Law 
and Economics 50, 81–104 (2007).

41 Blume-Kohout, M. E. “Does targeted, disease‐specific public research funding 
influence pharmaceutical innovation?”. Journal of Policy Analysis and 
Management 31, 641–660 (2012).

42 Nayak, R. K., Avorn, J. and Kesselheim, A. S. “Public sector financial support for 
late stage discovery of new drugs in the United States: cohort study”. BMJ 367, 
l5766 (2019).

43 Dorsey, E. R. et al. “Funding of US biomedical research, 2003–2008”. JAMA 303, 
137–143 (2010).

44 Patsopoulos, N. A., Ioannidis, J. P. and Analatos, A. A. “Origin and funding of the 
most frequently cited papers in medicine: database analysis”. BMJ 332, 1061–
1064 (2006).

45 Rafols, I. et al. “Big pharma, little science? A bibliometric perspective on big pharma’s 
R&D decline”. Technological Forecasting and Social Change 81, 22–38 (2014).

46 Towse, A. and Danzon, P. M. “The regulation of the pharmaceutical industry”. In 
Baldwin, R., Cave, M. and Lodge, M. (eds) The Oxford Handbook of Regulation. 
Oxford University Press (2010).

47 Grabowski, H., Long, G., Mortimer, R. and Bilginsoy, M. “Continuing trends in U.S. 
brand-name and generic drug competition”. Null 24, 908–917. doi:10.1080/1369
6998.2021.1952795 (2021).

48 Baedeker, M., Ringel, M. and Schulze, U. “2018 FDA approvals hit all time high--
but average value slips again”. Nature Reviews Drug Discovery 18, 90–91 (2019).

49 Mullard, A. “2020 FDA drug approvals”. Nature Reviews Drug Discovery 20, 85–
90. doi:10.1038/d41573-021-00002-0 (2021).

References

Design Principles for a Coherent Pharmaceutical System



35

50 Kühler, T. C., Bujar, M., McAuslane, N. and Liberti, L. “To what degree are review 
outcomes aligned for new active substances (NASs) between the European 
Medicines Agency and the US Food and Drug Administration? A comparison 
based on publicly available information for NASs initially approved in the time 
period 2014 to 2016”. BMJ Open 9(11), e028677 (2019).

51 Kashoki, M. et al. “A comparison of EMA and FDA decisions for new drug 
marketing applications 2014–2016: concordance, discordance, and why”. Clinical 
Pharmacology & Therapeutics 107, 195–202 (2020).

52 O’Sullivan, B. P., Orenstein, D. M. and Milla, C. E. “Pricing for orphan drugs: will the 
market bear what society cannot?”. JAMA 310, 1343–1344 (2013).

53 Hwang, T. J., Ross, J. S., Vokinger, K. N. and Kesselheim, A. S. “Association 
between FDA and EMA expedited approval programs and therapeutic value of 
new medicines: retrospective cohort study”. BMJ 371, m3434 (2020).

54 Fojo, T., Mailankody, S. and Lo, A. “Unintended consequences of expensive 
cancer therapeutics—the pursuit of marginal indications and a me-too 
mentality that stifles innovation and creativity: the John Conley Lecture”. JAMA 
Otolaryngology–Head & Neck Surgery 140, 1225–1236 (2014).

55 Davis, C. et al. “Availability of evidence of benefits on overall survival and quality 
of life of cancer drugs approved by European Medicines Agency: retrospective 
cohort study of drug approvals 2009–13”. BMJ 359, j4530 (2017).

56 Kim, C. and Prasad, V. “Cancer drugs approved on the basis of a surrogate end 
point and subsequent overall survival: an analysis of 5 years of US Food and 
Drug Administration approvals”. JAMA Internal Medicine 175, 1992–1994 (2015).

57 Fordyce, C. B. et al. “Cardiovascular drug development: is it dead or just 
hibernating?”. Journal of the American College of Cardiology 65, 1567–1582 
(2015).

58 Dai, R. and Watal, J. “Product patents and access to innovative medicines”. Social 
Science & Medicine 291, 114479. doi:10.1016/j.socscimed.2021.114479 (2021).

59 Carpenter, D. Reputation and Power: Organizational image and pharmaceutical 
regulation at the FDA. Princeton University Press. http://www.jstor.org/stable/j.
ctt7t5st (2010).

60 Peltzman, S. “An evaluation of consumer protection legislation: the 1962 drug 
amendments”. Journal of Political Economy 81, 1049–1091 (1973).

61 Andersson, F. “The drug lag issue: the debate seen from an international 
perspective”. International Journal of Health Services 22, 53–72 (1992).

References

Design Principles for a Coherent Pharmaceutical System



36

62 Taylor, R. S., Drummond, M. F., Salkeld, G. and Sullivan, S. D. “Inclusion of cost 
effectiveness in licensing requirements of new drugs: the fourth hurdle”. BMJ 
329, 972–975 (2004).

63 Philipson, T., Berndt, E. R., Gottschalk, A. and Strobeck, M. W. Assessing the 
Safety and Efficacy of the FDA: The Case of the Prescription Drug User Fee Acts. 
National Bureau of Economic Research (2005).

64 Darrow, J. J., Avorn, J. and Kesselheim, A. S. “Speed, safety, and industry funding 
— from PDUFA I to PDUFA VI”. New England Journal of Medicine 377, 2278–
2286. doi:10.1056/NEJMhle1710706 (2017).

65 European Medicines Agency. “About us: funding”. https://www.ema.europa.eu/
en/about-us/how-we-work/governance-documents/funding (2021).

66 Fujiwara, Y. “Evolution of frameworks for expediting access to new drugs in 
Japan”. Nature Reviews Drug Discovery 15, 293–294 (2016).

67 Hoekman, J. and Boon, W. “Changing standards for drug approval: a longitudinal 
analysis of conditional marketing authorisation in the European Union”. Social 
Science & Medicine 222, 76–83 (2019).

68 Wallach, J. D., Ross, J. S. and Naci, H. “The US Food and Drug Administration’s 
expedited approval programs: evidentiary standards, regulatory trade-offs, and 
potential improvements”. Clinical Trials 15, 219–229 (2018).

69 Kesselheim, A. S., Wang, B., Franklin, J. M. and Darrow, J. J. “Trends in utilization 
of FDA expedited drug development and approval programs, 1987–2014: cohort 
study”. BMJ 351, h4633 (2015).

70 Hoekman, J. et al. “Use of the conditional marketing authorization pathway for 
oncology medicines in Europe”. Clinical Pharmacology & Therapeutics 98, 534–
541 (2015).

71 Hwang, T. J., Darrow, J. J. and Kesselheim, A. S. “The FDA’s expedited programs 
and clinical development times for novel therapeutics, 2012–2016”. JAMA 318, 
2137–2138 (2017).

72 Downing, N. S. et al. “Regulatory review of novel therapeutics — comparison of 
three regulatory agencies”. New England Journal of Medicine 366, 2284–2293. 
doi:10.1056/NEJMsa1200223 (2012).

73 Downing, N. S., Zhang, A. D. and Ross, J. S. “Regulatory review of new therapeutic 
agents — FDA versus EMA, 2011–2015”. New England Journal of Medicine 376, 
1386–1387. doi:10.1056/NEJMc1700103 (2017).

74 Puthumana, J., Wallach, J. D. and Ross, J. S. “Clinical trial evidence supporting 
FDA approval of drugs granted Breakthrough Therapy Designation”. JAMA 320, 
301–303 (2018).

References

Design Principles for a Coherent Pharmaceutical System



37

75 Collins, R., Bowman, L., Landray, M. and Peto, R. “The magic of randomization 
versus the myth of real-world evidence”. New England Journal of Medicine 382, 
674–678. doi:10.1056/NEJMsb1901642 (2020).

76 Downing, N. S., Aminawung, J. A., Shah, N. D., Krumholz, H. M. and Ross, J. S. 
“Clinical trial evidence supporting FDA approval of novel therapeutic agents, 
2005–2012”. JAMA 311, 368–377 (2014).

77 Zhang, A. D. et al. “Assessment of clinical trials supporting US Food and Drug 
Administration approval of novel therapeutic agents, 1995–2017”. JAMA 
Network Open 3, e203284–e203284 (2020).

78 Fleming, T. R. “Surrogate endpoints and FDA’s accelerated approval process”. 
Health Affairs 24, 67–78 (2005).

79 Fleming, T. R. and DeMets, D. L. “Surrogate end points in clinical trials: are we 
being misled?”. Annals of Internal Medicine 125, 605–613 (1996).

80 Fleming, T. R., Rothmann, M. D. and Lu, H. L. “Issues in using progression-free 
survival when evaluating oncology products”. Journal of Clinical Oncology 27, 
2874 (2009).

81 Yudkin, J. S., Lipska, K. J. and Montori, V. M. “The idolatry of the surrogate”. BMJ 
343, d7995 (2011).

82 Eichler, H. G. et al. “Adaptive licensing: taking the next step in the evolution of 
drug approval”. Clinical Pharmacology & Therapeutics 91, 426–437 (2012).

83 Eichler, H. G. et al. “From adaptive licensing to adaptive pathways: delivering a 
flexible life‐span approach to bring new drugs to patients”. Clinical Pharmacology 
& Therapeutics 97, 234–246 (2015).

84 Cipriani, A. et al. “Generating comparative evidence on new drugs and devices 
after approval”. The Lancet 395, 998–1010. doi:10.1016/S0140-6736(19)33177-0 
(2020).

85 Frank, R. G., Shahzad, M. and Emanuel, E. J. “Accelerated approval of cancer 
drugs: no economic reward for drug makers that conduct confirmatory trials”. 
Health Affairs 41, 1273–1280. doi:10.1377/hlthaff.2022.00119 (2022).

86 Woloshin, S., Schwartz, L. M., White, B. and Moore, T. J. “The fate of FDA 
postapproval studies”. New England Journal of Medicine 377, 1114–1117 (2017).

87 Salcher‐Konrad, M., Naci, H. and Davis, C. “Approval of cancer drugs with 
uncertain therapeutic value: a comparison of regulatory decisions in Europe and 
the United States”. The Milbank Quarterly 98, 1219–1256 (2020).

88 Banzi, R., Gerardi, C. and Garattini, S. “Approvals of drugs with uncertain benefit–
risk profiles in Europe”. European Journal of Internal Medicine 26, 572–584 (2015).

References

Design Principles for a Coherent Pharmaceutical System



38

89 Grieve, R. et al. “Cancer Drugs Fund requires further reform”. BMJ 354, i5090. 
doi:10.1136/bmj.i5090 (2016).

90 Wallach, J. D. et al. “Postmarket studies required by the US Food and Drug 
Administration for new drugs and biologics approved between 2009 and 2012: 
cross sectional analysis”. BMJ 361. doi:10.1136/bmj.k2031 (2018).

91 Gyawali, B., Rome, B. N. and Kesselheim, A. S. “Regulatory and clinical 
consequences of negative confirmatory trials of accelerated approval cancer 
drugs: retrospective observational study. BMJ 374, 1959 (2021).

92 Abraham, J. “Sociology of pharmaceuticals development and regulation: a realist 
empirical research programme”. Sociology of Health & Illness 30, 869–885 (2008).

93 Davis, C. and Abraham, J. Unhealthy Pharmaceutical Regulation: Innovation, 
politics and promissory science. Springer (2013).

94 European Ombudsman. “Letter from the European Ombudsman to the European 
Medicines Agency Opening Strategic Inquiry OI/7/2017/KR into Pre-Submission 
Activities Organised by the Agency”. https://www.ombudsman.europa.eu/en/
correspondence/en/81555 (2017).

95 Kesselheim, A. S. and Avorn, J. “Approving a problematic muscular dystrophy 
drug: implications for FDA policy”. JAMA 316, 2357–2358. doi:10.1001/
jama.2016.16437 (2016).

96 Alexander, G. C., Emerson, S. and Kesselheim, A. S. “Evaluation of 
aducanumab for Alzheimer disease: scientific evidence and regulatory review 
involving efficacy, safety, and futility”. JAMA 325, 1717–1718. doi:10.1001/
jama.2021.3854 (2021).

97 Zhang, A. D., Schwartz, J. L. and Ross, J. S. “Association between Food and Drug 
Administration Advisory Committee recommendations and agency actions, 2008–
2015”. The Milbank Quarterly 97, 796–819. doi:10.1111/1468-0009.12403 (2019).

98 Eichler, H. G. et al. “Relative efficacy of drugs: an emerging issue between 
regulatory agencies and third-party payers”. Nature Reviews Drug Discovery 9, 
277 (2010).

99 Ewbank, L., Sullivan, K., McKenna, H. and Omojomolo, D. The Rising Cost of 
Medicines to the NHS: What’s the story? The King’s Fund. https://www.kingsfund.
org.uk/publications/rising-cost-medicines-nhs (2018).

100 Organisation for Economic Co-operation and Development. “Pharmaceutical 
expenditure”. In OECD, Health at a Glance: OECD indicators. OECD. https://www.
oecd-ilibrary.org/content/component/2493ee95-en (2021).

References

Design Principles for a Coherent Pharmaceutical System



39

101 Organisation for Economic Co-operation and Development. “Pharmaceutical 
spending” (indicator). https://data.oecd.org/healthres/pharmaceutical-
spending.htm (2022).

102 American Hospital Association. Recent Trends in Hospital Drug Spending and 
Manufacturer Shortages. American Hospital Association. https://www.aha.
org/2019-01-15-recent-trends-hospital-drug-spending-and-manufacturer-
shortages (2019).

103 IMS Institute for Healthcare Informatics. Global Medicines Use in 2020: Outlook 
and implications. IMS Institute for Healthcare Informatics (2015).

104 Congressional Budget Office. Prices for and Spending on Specialty Drugs in 
Medicare Part D and Medicaid. Congressional Budget Office. https://www.cbo.
gov/publication/54964 (2019).

105 Chalkidou, K. et al. “Comparative effectiveness research and evidence‐based 
health policy: experience from four countries”. The Milbank Quarterly 87, 339–
367 (2009).

106 Rodwin, M. A. “Common pharmaceutical price and cost controls in the United 
Kingdom, France, and Germany: lessons for the United States”. International 
Journal of Health Services 51. doi:10.1177/0020731421996168 (2021).

107 Kang, S. Y. et al. “Comparative approaches to drug pricing”. Annual Review of 
Public Health 41, 499–512 (2020).

108 Rodwin, M. A. “How the United Kingdom controls pharmaceutical prices and 
spending: learning from its experience”. International Journal of Health Services. 
doi:10.1177/0020731421997094 (2021).

109 Charlton, V. et al. “Cost effective but unaffordable: an emerging challenge for 
health systems”. BMJ 356. doi:10.1136/bmj.j1402 (2017).

110 Ferrario, A. and Kanavos, P. “Dealing with uncertainty and high prices of new 
medicines: a comparative analysis of the use of managed entry agreements in 
Belgium, England, the Netherlands and Sweden”. Social Science & Medicine 124, 
39–47. doi:10.1016/j.socscimed.2014.11.003 (2015).

111 Neumann, P. J., Chambers, J. D., Simon, F. and Meckley, L. M. “Risk-sharing 
arrangements that link payment for drugs to health outcomes are proving hard to 
implement”. Health Affairs 30, 2329–2337. doi:10.1377/hlthaff.2010.1147 (2011).

112 Seeley, E., Chimonas, S. and Kesselheim, A. S. “Can outcomes-based 
pharmaceutical contracts reduce drug prices in the US? A mixed 
methods assessment”. Journal of Law, Medicine & Ethics 46, 952–963. 
doi:10.1177/1073110518821995 (2018).

References

Design Principles for a Coherent Pharmaceutical System



40

113 Becker, G., Murphy, K. M. and Philipson, T. The Value of Life Near Its End and 
Terminal Care. National Bureau of Economic Research (2007).

114 Wise, J. “NHS and Vertex remain deadlocked over price of cystic fibrosis drug”. 
BMJ 364, l1094. doi:10.1136/bmj.l1094 (2019).

115 Vivot, A. et al. “Clinical benefit, price and approval characteristics of FDA-
approved new drugs for treating advanced solid cancer, 2000–2015”. Annals of 
Oncology 28, 1111–1116 (2017).

116 Vokinger, K. N. et al. “Prices and clinical benefit of cancer drugs in the USA and 
Europe: a cost-benefit analysis”. The Lancet Oncology 21, 664–670. doi:10.1016/
S1470-2045(20)30139-X (2020).

117 Del Paggio, J. C. et al. “Delivery of meaningful cancer care: a retrospective cohort 
study assessing cost and benefit with the ASCO and ESMO frameworks”. The 
Lancet Oncology 18, 887–894 (2017).

118 Vokinger, K. N. et al. “Analysis of launch and postapproval cancer drug pricing, 
clinical benefit, and policy implications in the US and Europe”. JAMA Oncology 7, 
e212026. doi:10.1001/jamaoncol.2021.2026 (2021).

119 Salas-Vega, S., Shearer, E. and Mossialos, E. “Relationship between costs 
and clinical benefits of new cancer medicines in Australia, France, the 
UK, and the US”. Social Science & Medicine 258, 113042. doi:10.1016/j.
socscimed.2020.113042 (2020).

120 Lauenroth, V. D. and Stargardt, T. “Pharmaceutical pricing in Germany: how is value 
determined within the scope of AMNOG?”. Value Health 20, 927–935 (2017).

121 Rodwin, M. A. et al. “The use of ‘added benefit’ to determine the price of new anti-
cancer drugs in France, 2004–2017”. European Journal of Cancer 145, 11–18. 
doi:10.1016/j.ejca.2020.11.031 (2021).

122 Trotta, F. et al. “Anticancer drug prices and clinical outcomes: a cross-sectional 
study in Italy”. BMJ Open 9, e033728 (2019).

123 Palmer, S. and Raftery, J. “Economic notes: opportunity cost”. BMJ 318, 1551–
1552. doi:10.1136/bmj.318.7197.1551 (1999).

124 York Health Economics Consortium. “Opportunity cost”. https://yhec.co.uk/
glossary/opportunity-cost (2016).

125 Sculpher, M., Claxton, K. and Pearson, S. D. “Developing a value framework: the 
need to reflect the opportunity costs of funding decisions”. Value in Health 20, 
234–239. doi:10.1016/j.jval.2016.11.021 (2017).

References

Design Principles for a Coherent Pharmaceutical System



41

126 Garber, A. M. and Sculpher, M. J. “Cost effectiveness and payment policy”. In 
Parly, M. V., Mcguire, T. G. and Barros, P. P. (eds) Handbook of Health Economics. 
Vol 2. Elsevier, 471–497 (2011).

127 Claxton, K. et al. “Methods for the estimation of the National Institute for 
Health and Care Excellence cost-effectiveness threshold”. Health Technology 
Assessment 19, 1–503, v–vi. doi:10.3310/hta19140 (2015).

128 Vanness, D. J., Lomas, J. and Ahn, H. “A health opportunity cost threshold for 
cost-effectiveness analysis in the United States”. Annals of Internal Medicine 174, 
25–32 (2020).

129 Lomas, J., Martin, S. and Claxton, K. “Estimating the marginal productivity of the 
English National Health Service from 2003 to 2012”. Value in Health 22, 995–
1002. doi:10.1016/j.jval.2019.04.1926 (2019).

130 Wenzl, M. and Chapman, S. “Performance-based managed entry agreements for 
new medicines in OECD countries and EU member states”. OECD Health Working 
Paper. https://www.oecd-ilibrary.org/content/paper/6e5e4c0f-en (2019).

131 Gamba, S., Pertile, P. and Vogler, S. “The impact of managed entry agreements on 
pharmaceutical prices”. Health Economics 29, 47–62. doi:10.1002/hec.4112 (2020).

132 Maynard, A. and Bloor, K. “Regulation of the pharmaceutical industry: promoting 
health or protecting wealth?”. Journal of the Royal Society of Medicine 108, 
220–222. doi:10.1177/0141076814568299 (2015).

133 Aggarwal, A., Sullivan, R., Fojo, T., Chamberlain, C. and Davis, C. “Do patient 
access schemes for high-cost cancer drugs deliver value to society?—lessons 
from the NHS Cancer Drugs Fund”. Annals of Oncology 28, 1738–1750 (2017).

134 Salcher-Konrad, M. and Naci, H. “Unintended consequences of coverage laws 
targeting cancer drugs”. The Journal of Law, Medicine & Ethics 48, 552–554. 
doi:10.1177/1073110520958880 (2020).

135 Naci, H., Carter, A. W. and Mossialos, E. “Why the drug development pipeline is 
not delivering better medicines”. BMJ 351, h5524 (2015).

136 Barua, S. et al. “Restrictions for Medicaid reimbursement of sofosbuvir for the 
treatment of hepatitis C virus infection in the United States”. Annals of Internal 
Medicine 163, 215–223. doi:10.7326/M15-0406 (2015).

137 Mazzucato, M., Li, H. L. and Darzi, A. “Is it time to nationalise the pharmaceutical 
industry?”. BMJ 368, m769. doi:10.1136/bmj.m769 (2020).

138 Ioannidis, J. P. “Why most clinical research is not useful”. PLoS Medicine 13, 
e1002049 (2016).

References

Design Principles for a Coherent Pharmaceutical System



42

139 Stiglitz, J. E. and Jayadev, A. “Medicine for tomorrow: some alternative proposals 
to promote socially beneficial research and development in pharmaceuticals”. 
Journal of Generic Medicines 7, 217–226. doi:10.1057/jgm.2010.21 (2010).

140 Kesselheim, A. S., Tan, Y. T. and Avorn, J. “The roles of academia, rare diseases, 
and repurposing in the development of the most transformative drugs”. Health 
Affairs 34, 286–293. doi:10.1377/hlthaff.2014.1038 (2015).

141 Kesselheim, A. S. and Avorn, J. “The most transformative drugs of the past 25 
years: a survey of physicians”. Nature Reviews Drug Discovery 12, 425 (2013).

142 Azoulay, P., Graff Zivin, J. S., Li, D. and Sampat, B. N. “Public R&D investments 
and private-sector patenting: evidence from NIH funding rules”. The Review of 
Economic Studies 86, 117–152. doi:10.1093/restud/rdy034 (2019).

143 Agarwal, R. and Gaule, P. “What drives innovation? Lessons from COVID-19 R&D”. 
Journal of Health Economics, 102591 (2022).

144 Sampat, B. N. and Shadlen, K. C. “The COVID-19 innovation system”. Health 
Affairs 40, 400–409. doi:10.1377/hlthaff.2020.02097 (2021).

145 Pessoa-Amorim, G. et al. “Making trials part of good clinical care: lessons from 
the RECOVERY trial”. Future Healthcare Journal 8, e243 (2021).

146 Reith, C. et al. “Randomized clinical trials — removing unnecessary obstacles”. 
New England Journal of Medicine 369, 1061–1065 (2013).

147 Salman, R. A. S. et al. “Increasing value and reducing waste in biomedical 
research regulation and management”. The Lancet 383, 176–185. doi:10.1016/
S0140-6736(13)62297-7 (2014).

148 Scherer, F. M. “The link between gross profitability and pharmaceutical R&D 
spending”. Health Affairs 20, 216–220 (2001).

149 Dranove, D., Garthwaite, C. and Hermosilla, M. I. Expected Profits and the 
Scientific Novelty of Innovation. National Bureau of Economic Research (2020).

150 Bennette, C. S., Basu, A., Ramsey, S. D., Helms, Z. and Bach, P. B. “Health returns 
to pharmaceutical innovation in the market for oral chemotherapy in response to 
insurance coverage expansion”. American Journal of Health Economics 5, 360–
375. doi:10.1162/ajhe_a_00125 (2019).

151 Conti, R. M., Frank, R. G. and Gruber, J. “Regulating drug prices while increasing 
innovation”. New England Journal of Medicine 385, 1921–1923. doi:10.1056/
NEJMp2113764 (2021).

152 Danzon, P. M., Wang, Y. R. and Wang, L. “The impact of price regulation on the 
launch delay of new drugs--evidence from twenty-five major markets in the 
1990s”. Health Economics 14, 269–292. doi:10.1002/hec.931 (2005).

References

Design Principles for a Coherent Pharmaceutical System



43

153 Stern, A. D., Pietrulla, F., Herr, A., Kesselheim, A. S. and Sarpatwari, A. “The impact 
of price regulation on the availability of new drugs in Germany”. Health Affairs 38, 
1182–1187. doi:10.1377/hlthaff.2018.05142 (2019).

154 Pease, A. M. et al. “Postapproval studies of drugs initially approved by the FDA on 
the basis of limited evidence: systematic review”. BMJ 357, j1680 (2017).

155 Hatswell, A. J., Baio, G., Berlin, J. A., Irs, A. and Freemantle, N. “Regulatory 
approval of pharmaceuticals without a randomised controlled study: 
analysis of EMA and FDA approvals 1999–2014”. BMJ Open 6. doi:10.1136/
bmjopen-2016-011666 (2016).

156 Naci, H. et al. “Generating comparative evidence on new drugs and devices before 
approval”. The Lancet 395, 986–997. doi:10.1016/S0140-6736(19)33178-2 (2020).

157 Kovic, B. et al. “Evaluating progression-free survival as a surrogate outcome 
for health-related quality of life in oncology: a systematic review and 
quantitative analysis”. JAMA Internal Medicine 178, 1586–1596. doi:10.1001/
jamainternmed.2018.4710 (2018).

158 Dawoud, D., Naci, H., Ciani, O. and Bujkiewicz, S. “Raising the bar for using 
surrogate endpoints in drug regulation and health technology assessment”. BMJ 
374, n2191. doi:10.1136/bmj.n2191 (2021).

159 Franklin, J. M., Glynn, R. J., Martin, D. and Schneeweiss, S. “Evaluating the use of 
nonrandomized real-world data analyses for regulatory decision making”. Clinical 
Pharmacology & Therapeutics 105, 867–877. doi:10.1002/cpt.1351 (2019).

160 Califf, R. M., Hernandez, A. F. and Landray, M. “Weighing the benefits and risks of 
proliferating observational treatment assessments: observational cacophony, 
randomized harmony”. JAMA 324, 625–626. doi:10.1001/jama.2020.13319 (2020).

161 Ioannidis, J. P. A. “Contradicted and initially stronger effects in highly cited clinical 
research”. JAMA 294, 218–228. doi:10.1001/jama.294.2.218 (2005).

162 Sorenson, C., Naci, H., Cylus, J. and Mossialos, E. “Evidence of comparative efficacy 
should have a formal role in European drug approvals”. BMJ 343, d4849 (2011).

163 Berndt, E. R., Nass, D., Kleinrock, M. and Aitken, M. “Decline in economic returns 
from new drugs raises questions about sustaining innovations”. Health Affairs 
34, 245–252. doi:10.1377/hlthaff.2014.1029 (2015).

164 Hwang, T. J., Franklin, J. M. and Kesselheim, A. S. “Effect of US Food and Drug 
Administration’s cardiovascular safety guidance on diabetes drug development”. 
Clinical Pharmacology & Therapeutics 102, 290–296. doi:10.1002/cpt.705 (2017).

References

Design Principles for a Coherent Pharmaceutical System



44

165 Sharma, A. et al. “Impact of regulatory guidance on evaluating cardiovascular risk 
of new glucose-lowering therapies to treat type 2 diabetes mellitus”. Circulation 
141, 843–862. doi:10.1161/CIRCULATIONAHA.119.041022 (2020).

166 Kaltenboeck, A. and Bach, P. B. “Value-based pricing for drugs: theme and 
variations”. JAMA 319, 2165–2166. doi:10.1001/jama.2018.4871 (2018).

167 Emanuel, E. J. et al. “Drug reimbursement regulation in 6 peer countries”. JAMA 
Internal Medicine 180, 1510–1517. doi:10.1001/jamainternmed.2020.4793 
(2020).

168 Culyer, A. J. “Cost-effectiveness thresholds in health care: a bookshelf guide to 
their meaning and use”. Health Economics, Policy and Law 11, 415–432 (2016).

169 Claxton, K. “OFT, VBP: QED?”. Health Economics 16, 545–558. doi:10.1002/
hec.1249 (2007).

170 Claxton, K. et al. “Value based pricing for NHS drugs: an opportunity not to be 
missed?”. BMJ 336, 251–254. doi:10.1136/bmj.39434.500185.25 (2008).

171 Thokala, P., Ochalek, J., Leech, A. A. and Tong, T. “Cost-effectiveness thresholds: 
the past, the present and the future”. PharmacoEconomics 36, 509–522. 
doi:10.1007/s40273-017-0606-1 (2018).

172 Claxton, K., Sculpher, M., Palmer, S. and Culyer, A. J. Causes for Concern: Is NICE 
failing to uphold its responsibilities to all NHS patients? Wiley Online Library (2015).

173 Leech, A. A. and Dusetzina, S. B. “Cost-effective but unaffordable: the CAR-T 
conundrum”. JNCI: Journal of the National Cancer Institute 111, 644–645. 
doi:10.1093/jnci/djy195 (2019).

174 Wong, C. H. et al. Estimating the Financial Impact of Gene Therapy in the US. 
National Bureau of Economic Research (2021).

175 Angelis, A., Naci, H. and Hackshaw, A. “Recalibrating Health Technology 
Assessment methods for cell and gene therapies”. PharmacoEconomics 38, 
1297–1308. doi:10.1007/s40273-020-00956-w (2020).

176 Wyden, R., Grassley, C. and Hatch, O. G. “The price of Sovaldi and its impact 
on the US health care system”. https://www.finance.senate.gov/download/
introduction-hepatitis-c-background-development-of-sovaldi-and-gileads-
acquistion-of-pharmasset-introduction-sections-1-and-2 (2015).

177 Spoors, J. et al. “Payer and implementation challenges with advanced therapy 
medicinal products (ATMPs)”. BioDrugs 35, 1–5. doi:10.1007/s40259-020-
00457-4 (2021).

References

Design Principles for a Coherent Pharmaceutical System



45

178 Towse, A. and Fenwick, E. “Uncertainty and cures: discontinuation, irreversibility, 
and outcomes-based payments: what is different about a one-off treatment?”. 
Value Health 22, 677–683. doi:10.1016/j.jval.2019.03.013 (2019).

179 Lomas, J. R. S. “Incorporating affordability concerns within cost-effectiveness 
analysis for Health Technology Assessment”. Value in Health 22, 898–905. 
doi:10.1016/j.jval.2019.05.003 (2019).

180 Trusheim, M. R., Cassidy, W. M. and Bach, P. B. “Alternative state-level financing 
for hepatitis C treatment—the “Netflix model.” JAMA 320, 1977–1978. 
doi:10.1001/jama.2018.15782 (2018).

181 Hudson, K. L., Lauer, M. S. and Collins, F. S. “Toward a new era of trust and 
transparency in clinical trials”. JAMA 316, 1353–1354 (2016).

182 Ross, J. S., Gross, C. P. and Krumholz, H. M. “Promoting transparency in 
pharmaceutical industry-sponsored research”. American Journal of Public Health 
102, 72–80 (2012).

183 Dwan, K. et al. “Systematic review of the empirical evidence of study publication 
bias and outcome reporting bias”. PloS ONE 3, e3081 (2008).

184 Ioannidis, J. P. A. “Effect of the statistical significance of results on the time to 
completion and publication of randomized efficacy trials”. JAMA 279, 281–286. 
doi:10.1001/jama.279.4.281 (1998).

185 Turner, E. H., Matthews, A. M., Linardatos, E., Tell, R. A. and Rosenthal, R. 
“Selective publication of antidepressant trials and its influence on apparent 
efficacy”. New England Journal of Medicine 358, 252–260 (2008).

186 Eyding, D. et al. “Reboxetine for acute treatment of major depression: systematic 
review and meta-analysis of published and unpublished placebo and selective 
serotonin reuptake inhibitor controlled trials”. BMJ 341, c4737 (2010).

187 Chalmers, I. and Glasziou, P. “Avoidable waste in the production and reporting of 
research evidence”. The Lancet 374, 86–89 (2009).

188 Anderson, M. L. et al. “Compliance with results reporting at ClinicalTrials.
gov”. New England Journal of Medicine 372, 1031–1039. doi:10.1056/
NEJMsa1409364 (2015).

189 Krumholz, H. M. and Waldstreicher, J. “The Yale Open Data Access (YODA) 
project--a mechanism for data sharing”. New England Journal of Medicine 375, 
403–405 (2016).

190 Wallach, J. D. et al. “Updating insights into rosiglitazone and cardiovascular risk 
through shared data: individual patient and summary level meta-analyses”. BMJ 
368, l7078. doi:10.1136/bmj.l7078 (2020).

References

Design Principles for a Coherent Pharmaceutical System



46

191 Naudet, F. et al. “Data sharing and reanalysis of randomized controlled trials 
in leading biomedical journals with a full data sharing policy: survey of studies 
published in the BMJ and PLOS Medicine”. BMJ 360, k400 (2018).

192 Lo, B. “Sharing clinical trial data: maximizing benefits, minimizing risk”. JAMA 
313, 793–794 (2015).

193 Perehudoff, K. “European governments should align medicines pricing practices 
with global transparency norms and legal principles”. The Lancet Regional Health 
– Europe 16. doi:10.1016/j.lanepe.2022.100375 (2022).

194 Morgan, S. G., Vogler, S. and Wagner, A. K. “Payers’ experiences with confidential 
pharmaceutical price discounts: a survey of public and statutory health systems 
in North America, Europe, and Australasia”. Health Policy 121, 354–362 (2017).

195 World Health Assembly. Improving the Transparency of Markets for Medicines, 
Vaccines, and Other Health Products. World Health Organization. https://apps.
who.int/iris/handle/10665/329301 (2019).

196 Fabbri, A., la Santos, A., Mezinska, S., Mulinari, S. and Mintzes, B. “Sunshine 
policies and murky shadows in Europe: disclosure of pharmaceutical industry 
payments to health professionals in nine European countries”. International 
Journal of Health Policy and Management 7, 504–509 (2018).

References

Design Principles for a Coherent Pharmaceutical System



For more information, contact:

Dr. Huseyin Naci 
Department of Health Policy 
London School of Economics and Political Science 
Email: h.naci@lse.ac.uk

mailto:h.naci@lse.ac.uk

