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About this working paper
This working paper is part of a broader piece of work aiming to define what is needed
to establish system-level readiness for radioligand therapy in the UK. It explores
current integration and future readiness for the approach as it relates to regulation and
reimbursement, one of the five domains of the Radioligand Therapy Readiness Assessment
Framework (Figure 1). The working paper provides answers to questions from the
framework, with key findings from relevant subdomains outlined in a summary assessment
at the start of each section. We focus on the situation in neuroendocrine neoplasms,
lymphoma and prostate cancer in England, though we also include examples from across
the devolved nations. Many of the findings in this paper may be applicable across the UK
and in other areas of cancer care.

This working paper is supported by other documents on health system readiness
for radioligand therapy in the UK. For more details, please visit:
www.radioligandtherapy.com/framework/UK

This working paper uses the term radioligand therapy, but there are various
terms used for the approach, including: peptide-receptor radionuclide therapy
(PRRT), systemic radiation therapy, targeted radionuclide therapy, targeted
radiotherapy and molecular radiotherapy. When the ligand used is an antibody,
the approach is known as radioimmunotherapy.
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Figure 1. Domains of the Radioligand Therapy Readiness Assessment Framework
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What are regulation and reimbursement?
Transparent and appropriate regulation is an essential pillar of a functioning health
system. Regulation in healthcare is a broad and dynamic concept, largely linked to
overseeing and shaping behaviour.1 In this context, the goal of regulation is to clearly define
whether an intervention is deemed to be safe and effective, in which circumstances and to
which patients it should be provided, and how it can be delivered safely, including the
appropriate rules and safeguards that need to be in place in clinical practice. Because
radioligand therapy contains radioactive materials, regulation also looks to address
environmental concerns related to radiation exposure and disposal of nuclear waste. There
are numerous agencies involved in regulating radioligand therapy in England (Box 1).
Reimbursement is an important part of the process of making therapies available in
clinical practice. In the context of health systems, reimbursement is the process by which
institutions (such as hospitals) are paid for the services they provide to patients. In England,
the National Institute for Health and Care Excellence (NICE) determines which therapies
should be reimbursed by the NHS and integrated into care. If a therapy is not recommended
by NICE, it may be funded by initiatives such as NHS England’s Cancer Drugs Fund. Local
and national commissioners and providers then work together to plan for, purchase and
deliver the therapy. The goal of reimbursement policies is to ensure that the greatest health
value is achieved with the resources available.2
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Box 1. Regulatory agencies involved in radioligand therapy in England
A variety of regulatory bodies are involved in managing the safe delivery of radioligand
therapy in England:
• The Medicines and Healthcare products Regulatory Agency is responsible for
licensing new therapies for use in the UK based on evidence of safety and
efficacy.3 4
• The National Institute for Health and Care Excellence (NICE) recommends which
therapies should be funded by NHS England based on information about their
clinical effectiveness and economic value.3 NICE also develops guidelines,
pathways, quality standards and performance metrics.5
• The Environment Agency regulates the disposal of industrial waste, including
radioactive waste.6
• The Office for Nuclear Regulation plays a role in UK-wide safety and security
standards.6
• The Health and Safety Executive enforces regulation on safe operation in
workplaces wherein staff may be exposed to radioactive material.7
• The Administration of Radioactive Substances Advisory Committee regulates
and licenses the administration of medical radioisotopes.6 8

What do good regulation and reimbursement look like?
Effective regulation and reimbursement of radioligand therapy requires agencies to
complete objective, evidence-based assessments of the approach, consistently
ensuring that safety is ingrained in all aspects of delivery. Regulation and
reimbursement processes should be appropriate to different care settings and provide clear
safety requirements that are appropriate for the unique qualities of each radioisotope.
Transparent approval processes can help ensure that people with cancer gain access
to the most appropriate therapies in a timely manner. In England, regulatory agencies
such as the Medicines and Healthcare products Regulatory Agency (MHRA) and the
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Administration of Radioactive Substances Advisory Committee (ARSAC) clearly outline the
requirements and pathway for gaining appropriate licences.8-11 It is essential that all
regulators communicate the values used when assessing applications for licensing.12
This allows pharmaceutical companies, scientists, and healthcare providers to prepare for
regulatory submissions from an early stage and avoid delays resulting from incomplete or
inappropriate submissions.
Communication between all stakeholders is essential to ensure fit-for-purpose
regulation of radioligand therapy. Because radioligand therapy bridges the health and
energy sectors, numerous agencies contribute specialist knowledge to regulations.
Interaction and harmonisation between these agencies can help ensure that personalised
therapies such as radioligand therapy are appropriately regulated.13 For example, the
licensing requirements for radiopharmaceuticals should be developed with insights from the
energy sector, to ensure that scientific understanding of nuclear materials is represented in
the medical regulation. Moreover, regulatory agencies should create opportunities for early
and ongoing engagement with patients as well as pharmaceutical companies.14 This will
ensure that regulations account for the unique challenges of personalised therapies13
as well as the specific properties of nuclear medicine.
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1 Regulation
Summary assessment
Indicators

Assessment

Are regulatory approval

Radioligand therapy has been licensed for use in certain types of

processes in the UK

neuroendocrine neoplasms (NENs) and lymphoma in the UK, indicating that

suitable for radioligand

the regulatory approval process can be adequately applied to the approach.

therapy?

However, the process could be further improved to suit the particulars of
radioligand therapy. At present, regulatory approval of any given diagnostic
and therapeutic pairing is not linked, which may cause issues with access.

Are regulations for the

Some radioisotopes used for imaging are produced in cyclotrons in the UK,

production and supply of

but most diagnostic radioisotopes are developed in nuclear reactors outside

radioisotopes in the UK

of the UK. The supply of therapeutic radioisotopes is managed by

appropriate for radioligand

pharmaceutical companies.

therapy?

The Department of Health and Social Care has plans to ensure the
continued and consistent supply of radioisotopes, but regular evaluation of
supply chains is required by both the UK government and pharmaceutical
companies.

Are regulations for the

The ARSAC licenses practitioners and employing institutions for the

administration of

administration of medical radioisotopes. Licensing requirements are

radioisotopes in the UK

comprehensive and stringent to ensure safe delivery.

appropriate for radioligand
therapy?

These regulations should be regularly reviewed and updated to ensure they
remain appropriate in light of changing workflows and norms, for example
those caused by the COVID-19 pandemic.

Are regulations for the

Radioactive waste is classified by the Department for Business, Energy and

management of medical

Industrial Strategy (BEIS) based on level of radioactivity, including the type

radioactive waste in the UK

of radiation emitted and the half-life of the radioisotopes. The definitions are

applicable to radioligand

applicable to radioligand therapy. Waste must be disposed of in line with

therapy?

guidance from BEIS, the Environment Agency and the Office for Nuclear
Regulation.
Regulations for the disposal of radioactive waste are proportionate to the
level of risk posed by the material.
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1.1 Licensing approval processes
Radioligand therapy is assessed in line with the UK’s regulatory approval process for
medicines. The MHRA is the public body which evaluates new therapies and medical
devices before they are adopted in the UK. It also plays an important role in enforcing drug
licensing regulations, and ensures the safety and effectiveness of approved medicines.3 4
Before Brexit, the European Medicines Agency (EMA) also played a role in regulating
medicines in the UK, but this is no longer the case (Box 2).11 The MHRA classifies
radioligand therapy as a medicinal product and treats it as such in the regulatory approval
process.15 16 To gain MHRA approval, a medicinal product must demonstrate safety, quality
of manufacturing and efficacy, and must show that its benefits outweigh its risks.3 17 An
expert has highlighted that the MHRA approval process was not designed with consideration
for highly targeted and personalised medicines.18 As such, it may not be prepared for
approaches such as radioligand therapy, which work best with individualised rather than
standardised doses.

Box 2. Impact of Brexit on regulatory approval of medicinal products
The European Commission, acting on the recommendation of the EMA, can grant
EU-wide market authorisation of a given therapy. Prior to Brexit, these EU regulations
were systematically included in UK law and the UK provided guidance to EU regulatory
decision-making.19 20
From January 2021 the UK is not subject to European pharmaceutical law,19 and all new
applications for marketing authorisation in the UK must now be made to the MHRA.21
Until 1 January 2023, the MHRA may choose to follow the decision of the EMA when
granting market authorisation.22 However, it reserves the right to make its own
recommendation. As a result, licensing of medicines in the UK and the EU may diverge
and lead to differences in availability.
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Radioligand therapy has been licensed for use in the UK in certain types of
neuroendocrine neoplasms (NENs) and lymphoma. The therapies licensed for use in the
UK are:
• lutetium oxodotreotide (Lutathera) was licensed by the EMA for the treatment of
people with unresectable or metastatic gastroenteropancreatic NENs in 201723
• ibritumomab tiuxetan (Zevalin) was licensed by the EMA for the treatment of people
with CD20 positive relapsed or refractory follicular lymphoma in 2004.24 In 2008, the
market authorisation was expanded to include its use as a consolidation therapy for
certain people with previously untreated follicular lymphoma.25
There are ongoing clinical trials investigating the use of existing and novel radioligand
therapies in NENs and lymphoma.26 27 Clinical trials for prostate cancer are also ongoing.28 29
These could be the first radioligand therapies evaluated by the MHRA post-Brexit.
Paired diagnostics must undergo the same licensing process as their associated
therapeutic; however, the review of radioligand therapy pairs is not linked. Radioligand
therapy is a theranostic approach to cancer care, which means that it can be used for both
diagnostic and therapeutic purposes (Box 3). Like therapeutic radioisotopes, the MHRA
classifies paired diagnostics as medicinal products.16 This may mean that paired diagnostics
and therapies are held to the same evidence standards, which is a challenge, as the purpose
of a paired diagnostic is different from that of its therapeutic pair. Moreover, the value of the
paired diagnostic may only be evident when used in conjunction with the associated
therapeutic.30 However, the processes to grant approval of diagnostics and their therapeutic
pairs do not appear to be linked.17 As such, it is possible that a therapy is licensed for use
but the paired diagnostic is not. In this situation, a clinician might have access to radioligand
therapy, but would not be able to accurately identify the people who would most benefit
from it.
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Box 3. Theranostics
Theranostic approaches can help clinicians accurately assess people’s eligibility for
specific therapies, ensuring they are only used in cases when they are most likely to be
effective. This targeted approach can reduce unnecessary treatment costs and improve
patient outcomes.
Radioligand therapy is a theranostic approach to treatment. Depending on the purpose
of the intervention, different radioisotopes can be used to achieve distinct aims. Imaging
radioisotopes can be used to help diagnose and visualise cancer in the body, and
therapeutic radioisotopes can be used to treat cancer cells.

1.2 Production and supply regulations
The UK’s supply of diagnostic radioisotopes relies heavily on other countries’
technology, which creates uncertainty in access to care. Some imaging radioisotopes
used in positron emission tomography–computed tomography (PET-CT) for eligibility
assessments are produced in cyclotrons (a type of particle accelerator) across the UK.31
However, production of many other diagnostic radioisotopes is concentrated in a few
reactors outside of the UK, many of which are ageing and unreliable.32-35 In 2009, one of
these reactors unexpectedly shut down owing to a leak, contributing to a multi-year shortage
in the supply of certain radioisotopes.36 Disruptions to flights caused by the COVID-19
pandemic have been another source of uncertainty in these complex supply chains.37
Inconsistent access to diagnostic radioisotopes can make it difficult to diagnose certain
cancers and to identify people who would benefit from radioligand therapy. This situation
may be exacerbated if increased use of the approach is not carefully planned for.
The supply of therapeutic radioisotopes used in radioligand therapy is predominantly
managed by pharmaceutical companies. For example, various pharmaceutical
companies have secured a supply of lutetium-177 for use in investigational and licensed
radioligand therapy.38-40 Each radioisotope has specific characteristics, including unique
decay times, that must be accounted for when planning supply chains. As such, the logistics
must be seamless to ensure that the therapy arrives at the delivery site at the appropriate
time with sufficient radioactivity to treat the cancer.36 Pharmaceutical companies therefore
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carefully plan and manage the various unique supply chains to ensure the availability of
each type of radioligand therapy.36
Brexit will invariably impact an already challenging supply chain. Additional import
requirements, delays and associated costs could lead to issues in the sustainable
radioisotope supply.31 For example, possible requirements for batch testing of diagnostics
and medicines imported from Europe might impact radioisotopes with shorter half-lives,
causing further possible disruption.41 Should larger quantities or new types of medical
radioisotopes be required in the future, these supply chain issues may become increasingly
complex and lead to difficulties in access. Pharmaceutical companies and the UK
government must plan for this.42 The UK government is currently seeking to resolve issues
around access to diagnostic radioisotopes, and may develop a national medical research
reactor to ensure reliable production of the material (Real-world example 1).43 Constant
evaluation of all medical radioisotope supply chains will be essential to ensure consistent
availability of radioisotopes.

Real-world example 1. UK government response to possible radioisotope supply
issues
In response to the end of the Brexit transition period in January 2021, the UK government
laid out plans to stockpile raw materials and re-route radioisotope supplies to ensure the
short-term continuity of supply.44 This included considerations for air freight of medical
products,45 among them medical radioisotopes. The government also put in place a
National Supply and Disruption Response service to support healthcare providers in
managing potential supply chain issues.
As a longer-term solution, the government is seeking to address supply issues by
developing a medical research reactor in Wales.43
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1.3 Regulations for working with radioisotopes
Healthcare professionals and institutions must meet stringent licensing requirements
to administer radioligand therapy. ARSAC regulates and licenses the use of medical
radioisotopes and provides guidance on the use of radioactive substances in clinical practice
and research.8 It requires that both health practitioners and employing institutions are
licensed to deliver therapies that use radioactive substances. Practitioner licences dictate
whether a healthcare professional can administer radiopharmaceuticals for imaging,
therapeutic or research purposes.8

46

A practitioner’s licence can be used in multiple

hospitals. Licences for employing institutions, known as employer licences, define the range
of services that can be delivered at any given hospital or institution.46 Both practitioner and
employer licences must be renewed every five years.47
Although the pathway for obtaining an ARSAC licence is clear, the number of
physicians who hold a licence is limited. As of 2018, an estimated 1,100 clinicians and
280 care or research settings in the UK held ARSAC licences.47 Two hundred new
practitioner applications were submitted between April 2019 and February 2020.48 One
expert has suggested that the limited uptake of these licences is due to the extensive
requirements around training and experience.49 Staff members must complete timeintensive training alongside their existing responsibilities, which can be challenging.8 9 49
Institutions seeking to obtain a licence may need to reassess or modify existing hospital
infrastructure to align with regulations.10 30
The COVID-19 pandemic has presented unique challenges to the licensing process.
One important requirement of practitioner licensing is on-site observations.9 However, such
observations have not been possible during the COVID-19 pandemic and the current
licensing guidance does not suggest any alternatives.50 This may result in a decrease in the
number of new practitioner licence applications. As radioligand therapy can only be
delivered by an ARSAC licence holder, this would have a direct impact on its future delivery.
Ensuring that the requirements for gaining an ARSAC licence are appropriately adaptable
will help secure a constant supply of new licence holders.
For more information about the radioligand therapy workforce capacity, read the
working paper on service provision.

Health system readiness for radioligand therapy in the UK: Regulation and reimbursement

13

1.4 Waste management regulations
Multiple organisations are involved in managing radioactive waste disposal in the UK:
• The Department for Business, Energy and Industrial Strategy defines what is
included within the scope of radioactive waste substances,51 and categorises
radioactive waste into high-, intermediate-, low- and very low-level risk categories.52
• The Environment Agency is responsible for controlling the accumulation and
disposal of radioactive waste in England by enforcing the Radioactive Substances
Act 1993.7 Hospitals and institutions must be registered under this Act and are
responsible for adherence to the regulations.53
• The Office for Nuclear Regulation is responsible for regulating the transportation of
radioactive materials in a safe and secure manner under the Ionising Radiation
Regulations 2017.54 It develops guidance on requirements for waste packaging,
in-transit storage and loading alongside conducting inspections.54
Waste from radioligand therapy is defined as radioactive waste and must be securely
disposed of in line with relevant guidance. Under current guidance, nuclear waste is
divided into categories based on the level of radioactivity, including the type of radiation
emitted and the half-life of the radioisotopes.51

55

No considerations are made for the

differences between inpatient or outpatient procedures. Most waste from nuclear medicine
procedures such as radioligand therapy is classified as very low-level waste or low-level
waste, but higher-risk categories of waste exist.52 56 Very low-level waste is stored securely
in hospitals while the radioactivity decays to the point where it is below prespecified safe
levels. It is then safely disposed of alongside other medical waste.57 Low-level medical
nuclear waste is transferred to national storage facilities, where it can be stored or
incinerated alongside waste from other industries.55 56 These disposal processes ensure that
nuclear waste management is proportionate to the risk of radioactivity in each material.
Coordinated planning by all institutions involved is essential to ensure that future
waste disposal can meet increasing demands. The UK Radioactive Waste Inventory
maintains a record of the volume of radioactive waste produced in the country.58 While
medical waste makes up a very small proportion of the UK’s radioactive waste,56 hospitals
must still adhere to specific limits on the total level of radioactive waste that they produce
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and store on site.49 57 59 Long-term increases in the production of medical radioactive waste
could place pressure on hospital waste management capacity.60 We must continue planning
waste capacity to ensure that institutions can maintain safe radioactive waste disposal
processes.
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2 Reimbursement and funding
Summary assessment
Indicator

Assessment

How are existing UK

Radioligand therapy is reviewed by NICE, which recommends which

reimbursement and funding

medicines should be available through NHS England. NHS England

mechanisms applied to

Specialised Commissioning is responsible for reimbursing all radioligand

radioligand therapy?

therapy which has been recommended for funding by NICE.
When the use of radioligand therapy is not recommended in routine care
within the NHS, it can be funded through the Cancer Drugs Fund or the
NHS Individual Funding Request scheme; it may also be funded privately.

2.1 Reimbursement of radioligand therapy
NICE determines whether radioligand therapy should be available on the NHS. Once
cancer therapies are licensed for use, NICE recommends the circumstances where a
therapy may be made available by assessing clinical and cost-effectiveness compared with
current clinical practice.61-63 It can be difficult to evaluate the economic benefit of
personalised medicines, which include radioligand therapy, based on standard-dose clinical
trials;12 this is something that NICE is working to overcome.2 12 Based on its assessment,
NICE may recommend that the therapy is used in routine care, or limit use to selected patient
groups or research. If NICE does not recommend the therapy, it may still advise that the
therapy be made available through the Cancer Drugs Fund.62 While medicines are available
through the fund, resubmissions to NICE can be made if additional clinical and economic
data emerge. The Cancer Drugs Fund is currently used to make a highly personalised
approach, chimeric antigen receptor (CAR)-T cell therapy, available to people with
lymphoma and represents a useful ‘alternative’ funding mechanism (Real-world example 2).
It is currently in the process of being replaced by the Innovative Medicines Fund, which will
also support non-cancer therapies.14 64 The impact this may have on funding available for
cancer therapies, including radioligand therapy, is unclear.65
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Real-world example 2. Reimbursement for CAR-T cell therapy through the Cancer
Drugs Fund
CAR-T cell therapy is an innovative personalised immunotherapy that can be used for
people with certain types of lymphoma.66 While it is considered promising, there were
challenges to the NICE appraisal process due to issues with data: data on overall survival
and the need for follow-up treatments were unclear, there was a lack of data comparing
the approach to other therapies, and cost-effectiveness estimates were high.67 68 As a
result, NICE recommended that the therapy be reimbursed through a managed access
agreement under the Cancer Drugs Fund.67 68
Under this scheme, the pharmaceutical company which submitted CAR-T cell therapy to
NICE has five years to collect further evidence on clinical and cost-effectiveness.66 67
Long-term data are being collected through clinical trials, and real-world evidence is being
collected through data sets, such as the Systemic Anti-Cancer Therapy Dataset.67 In
2022/23, the data will be used by NICE to reassess reimbursement of the therapy.67 69 70
At present, the Cancer Drugs Fund is only applicable to England, but similar initiatives are
available in the devolved nations: Wales has introduced the New Treatment Fund,
Scotland has a New Medicines Fund for rare and end-of-life conditions, and Northern
Ireland has announced a similar early-access scheme.71-73

NHS England funding for the use of radioligand therapy in NENs is nationally
coordinated. Based on a technology appraisal, NICE has recommended that radioligand
therapy be made available on the NHS for certain types of NENs.74 Because radioligand
therapy is highly specialised and only used to treat a relatively small number of people, NHS
England Specialised Commissioning is responsible for planning, purchasing and monitoring
the approach.75 76
The use of radioligand therapy in lymphoma is currently limited and requires
exceptional funding. Experts indicated that they were not aware of the approach being
regularly used in clinical care for lymphoma today.18 77 Prior to 2012, some cancer networks
funded the use of licensed radioligand therapy in lymphoma,78 79 even though the approach
was not recommended for use at a national level in the UK. NICE has not completed a health
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technology assessment of radioligand therapy in lymphoma;80 however, one was conducted
by the Scottish Medicines Consortium, which decided not to recommend it due to a lack of
robust economic data.79 81 As such, currently licensed radioligand therapy can only be used
in lymphoma if exceptional funding is approved by the NHS following submission of an
Individual Funding Request (Real-world example 3). It is likely that these challenges have
contributed to the decline of its use in lymphoma over the years. Novel applications of
radioligand therapy are being investigated for lymphoma and,26 should these be licensed,
reimbursement may be reassessed.

Real-world example 3. Availability of treatments via Individual Funding Requests
Medicines which have been licensed for use in the UK but are not reimbursed by the NHS
or Cancer Drugs Fund can be accessed via Individual Funding Requests.82 If a clinician
believes that there are special circumstances which mean a person they are treating
would benefit from a product that is not usually reimbursed, they can submit a funding
request. Applications must explain the circumstances of the request and be supported by
the trust’s medical director and either the multidisciplinary team or the trust’s drugs and
therapeutics committee.83 Applications are reviewed by an independent multidisciplinary
team which includes representatives from the public and NHS England.82
While Individual Funding Requests are successful in some circumstances, they are not a
reliable means of accessing therapies.84 For example, in 2016–17, 1,808 Individual
Funding Requests were submitted in England; approximately 97% of these were screened
out or declined.85 The exceptional circumstances required for approval of an Individual
Funding Request mean that it is infrequently used, and is not a reliable source of funding
for radioligand therapy.

New funding mechanisms may come into play if radioligand therapy is recommended
for NHS funding in larger patient populations. NHS England’s specialised commissioning
aims to ensure equal access to therapies for complex or rare conditions across England.86
The number of people who would benefit from a therapy is considered when determining
whether it will be funded through this route.86 At present, the demand for radioligand therapy
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is limited to NENs, which are rare cancers. However, their incidence is growing,87 and
radioligand therapy is currently being explored in a number of other indications.28 29 88 89
If demand for radioligand therapy grows, it may no longer be appropriate for funding through
NHS England specialised commissioning and new funding mechanisms will need to be
agreed.
For more information about the incidence of NENs in the UK, read the working
paper on identified need.

2.2 Funding and reimbursement of imaging for radioligand therapy
Adequately funded imaging is essential to ensure the most appropriate use of
radioligand therapy. PET-CT imaging is an essential step for assessing whether people
with NENs and prostate cancer are eligible for radioligand therapy. PET-CT imaging is used
to confirm who might benefit from radioligand therapy before it is administered. This can
ensure that only the most appropriate people are treated, improving patient outcomes and
reducing unnecessary treatment costs. Imaging can also be used to measure the impact of
radioligand therapy on cancer progression. Radioligand therapy imaging tracers have been
found to be more sensitive than the ‘gold standard’ imaging procedures in NENs and
prostate cancer.90 91
Funding for diagnostic and therapeutic radioligands should be routinely linked to
ensure access to both. NICE may consider companion diagnostic technology in the
context of paired therapeutics when making funding decisions.92 However, this does not
always translate into funding in clinical practice: although radioligand therapy and the paired
diagnostic are funded by the NHS for use in NENs, funding for imaging is inconsistent and
uncertain.93 Many diagnostic radiotracers have not received funding, as commissioning of
PET-CT depends on demonstration of clinical efficacy through direct improvements in
patient outcomes, which is difficult to assess in diagnostic radiotracers.63 Without adequate
funding for imaging agents, providing a comprehensive radioligand therapy service will be
complicated. Issues around access to and funding of paired diagnostics may be further
exacerbated should radioligand therapy be licensed and recommended for use in prostate
cancer (Real-world example 4).
For more information about imaging services in the UK, read the working paper on
service provision.
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Real-world example 4. Lack of funding for radioligand therapy imaging in prostate
cancer
Radioligand therapy imaging, gallium-68 prostate-specific membrane antigen (PSMA)
PET-CT has been available in the UK since 2015.90 It has been shown to have higher
accuracy than existing PET-CT tracers.90 However, PSMA tracers are associated with a
higher cost and require additional infrastructure compared with currently available imaging
services.90
Some providers suggest that the potential benefits of more accurate scanning using
PSMA tracers may offset the increased cost and infrastructure investment.90 However,
providers, commissioners and policymakers do not agree on the most appropriate way to
measure these benefits.90 So far, no consensus has been reached on funding of
radioligand therapy in prostate cancer.
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Conclusion
The regulatory and licensing processes for delivering radioligand therapy in the UK
adequately ensure its safe and effective use, but could be refined to account for the
unique attributes of the approach. Clear licensing approval processes apply to radioligand
therapy, and licensing regulations for both professionals and employing institutions clearly
outline roles and responsibilities to ensure safe production, administration and disposal of
radioisotopes. However, linking the MHRA review of associated diagnostic and therapeutic
radioligand pairs would help ensure logical licensing is in place. Moreover, ongoing
communication between the environmental and health sectors could also help improve
regulation and risk assessments of radioligand therapy. Finally, all regulations should be
regularly reviewed and updated to ensure they remain appropriate in light of changing
workflows and norms resulting from the COVID-19 pandemic.
New reimbursement and capacity issues may emerge if demand for radioligand
therapy increases. Current reimbursement policies seem appropriate to support use of
radioligand therapy on a relatively small scale. However, if the approach is licensed and
recommended for use in a larger population, this reimbursement process may no longer be
suitable. Finally, Brexit may have an impact on the supply of therapeutic radioisotopes
imported from outside the UK, and the UK government must continue to invest in and
support the development of a national radioisotope supply. Establishing a new nuclear
generator in the UK may provide opportunities for research and collaboration in the future.

Health system readiness for radioligand therapy in the UK: Regulation and reimbursement

21

References
1. Dixon J. 2005. Regulating Health Care: The Way Forward. London: The King's Fund
2. National Institute for Health and Care Excellence. 2021. NICE strategy 2021 to 2026:
dynamic, collaborative, excellent. London: NICE
3. Collins B. Access to new medicines in the English NHS. Available from:
https://www.kingsfund.org.uk/publications/access-new-medicines-english-nhs [Accessed
27/01/21]
4. Cancer Research UK. How cancer drugs are licensed in the UK. Available from:
https://www.cancerresearchuk.org/about-cancer/cancer-in-general/treatment/access-totreatment/how-are-drugs-licensed-in-the-uk [Accessed 27/01/21]
5. National Institute for Health and Care Excellence. 2021. What we do. Available from:
https://www.nice.org.uk/about/what-we-do [Accessed 25/05/21]
6. Department for Business Energy and Industrial Strategy, Health and Safety Executive,
Office for Nuclear Regulation. Regulatory controls for radiation protection in the UK.
[Updated 12/02/18]. Available from: https://www.gov.uk/guidance/regulatory-controls-forradiation-protection-in-the-uk [Accessed 05/02/21]
7. Health and Safety Executive. Radiation Legal Base. Available from:
https://www.hse.gov.uk/radiation/ionising/legalbase.htm [Accessed 05/02/21]
8. Administration of Radioactive Substances Advisory Committee. 2020. Notes for
guidance on the clinical administration of radiopharmaceuticals and use of sealed
radioactive sources. London: Public Health England
9. Administration of Radioactive Substances Advisory Committee. Practitioner Licence
Application Form. Available from:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_
data/file/679957/New_Practitioner_Application_Form.docx [Accessed 12/02/21]
10. Administration of Radioactive Substances Advisory Committee. Employer Licence
Application Form. Available from:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_
data/file/782117/Employer_Application_Form.docx [Accessed 12/02/21]
11. Medicines and Healthcare products Regulatory Agency. New guidance and information
for industry from the MHRA. [Updated 30/03/21]. Brexit. Available from:
https://www.gov.uk/government/collections/new-guidance-and-information-for-industryfrom-the-mhra [Accessed 15/03/21]
12. Garrison Jr LP, Towse A. 2017. Value-based pricing and reimbursement in
personalised healthcare: introduction to the basic health economics. J Pers Med:
10.3390/jpm7030010
13. Knowles L, Luth W, Bubela T. 2017. Paving the road to personalized medicine:
recommendations on regulatory, intellectual property and reimbursement challenges. J
Law Biosci 4(3): 453-506

Health system readiness for radioligand therapy in the UK: Regulation and reimbursement

22

14. Blood Cancer Alliance. 2020. Rapid Access to New Drugs and Treatments for People
with Blood Cancer on the NHS. London: Blood Cancer Alliance
15. Ballinger JR. 2016. Hospital Radiopharmacy in the UK. In: McCready R,
Gnanasegaran G,Bomanji JB, eds. A History of Radionuclide Studies in the UK: 50th
Anniversary of the British Nuclear Medicine Society. Switzerland: Springer: 129-33
16. Medicines and Healthcare products Regulatory Agency. 2020. A guide to what is a
medicinal product: MHRA Guidance Note 8. London: MHRA
17. The Human Medicines Regulations. 2012. United Kingdom: 14/04/12
18. Buscombe J. 2021. Interview with Lucy Morgan at The Health Policy Partnership
[Telephone]. 22/03/21
19. European Medicines Agency. Brexit: the United Kingdom's withdrawal from the
European Union. Available from: https://www.ema.europa.eu/en/about-us/brexit-unitedkingdoms-withdrawal-european-union [Accessed 15/03/21]
20. The House of Commons. Medicines and Medical Devices Bill: Explanatory notes.
Available from: https://publications.parliament.uk/pa/bills/cbill/58-01/0090/en/20090en.pdf
[Accessed 15/03/21]
21. Medicines and Healthcare products Regulatory Agency. Great Britain Marketing
Authorisations (MAs) for Centrally Authorised Products (CAPs). [Updated 30/03/21].
Available from: https://www.gov.uk/government/publications/great-britain-marketingauthorisations-mas-for-centrally-authorised-products-caps [Accessed 13/04/21]
22. Medicines and Healthcare products Regulatory Agency. European Commission (EC)
Decision Reliance Procedure. [Updated 23/02/21]. Available from:
https://www.gov.uk/guidance/european-commission-ec-decision-reliance-procedure
[Accessed 13/04/21]
23. European Medicines Agency. Lutathera: EPAR - Summary for the public. Available
from: https://www.ema.europa.eu/en/documents/overview/lutathera-epar-summarypublic_en.pdf [Accessed 21/01/20]
24. European Medicines Agency. Zevalin ibritumomab tiuxetan. Available from:
https://www.ema.europa.eu/en/medicines/human/EPAR/zevalin [Accessed 07/07/20]
25. European Medicines Agency. 2008. Committee for medicinal products for human use
post-authorisation summary of positive opinion for Zevalin. [Updated 20/03/08]. Available
from: https://www.ema.europa.eu/en/documents/smop/chmp-post-authorisation-summarypositive-opinion-zevalin-19-march-2008_en.pdf [Accessed 13/04/21]
26. Clinicaltrials.gov. A Phase I/II Study of Betalutin for Treatment of Relapsed NonHodgkin Lymphoma (LYMRIT-37-01). [Updated 01/04/21]. Available from:
https://clinicaltrials.gov/ct2/show/NCT01796171?term=177Lu&draw=2&rank=93 [Accessed
01/05/21]
27. Clinicaltrials.gov. Study to Evaluate the Efficacy and Safety of Lutathera in Patients
With Grade 2 and Grade 3 Advanced GEP-NET (NETTER-2). [Updated 02/04/21].
Available from: https://clinicaltrials.gov/ct2/show/NCT03972488 [Accessed 11/05/21]

Health system readiness for radioligand therapy in the UK: Regulation and reimbursement

23

28. Clinicaltrials.gov. Study of 177Lu-PSMA-617 In Metastatic Castrate-Resistant Prostate
Cancer (VISION). [Updated 25/03/21]. Available from:
https://www.clinicaltrials.gov/ct2/show/NCT03511664 [Accessed 22/04/21]
29. Clinicaltrials.gov. A trial of 177Lu-PSMA617 theranostic versus cabazitaxel in
progressive metastatic castration resistant prostate cancer (TheraP). [Updated 26/09/19].
Available from: https://clinicaltrials.gov/ct2/show/NCT03392428 [Accessed 16/04/21]
30. Cooper M. 2021. Interview with Lucy Morgan at The Health Policy Partnership.
19/04/21
31. British Nuclear Medicine Society, The Royal College of Radiologists, UK
Radiopharmacy Group. Practical advice for radiopharmacy and nuclear medicine services
in the event of a no-deal Brexit. Available from:
https://www.rcr.ac.uk/sites/default/files/no_deal_brexit_planning_guidance_for_nuclear_m
edicine_teams_march_2019.pdf [Accessed 03/11/20]
32. British Nuclear Medicine Society. Press Release - British Nuclear Medicine Society
statement on leaving Euratom. Available from:
https://www.bnms.org.uk/page/PressReleaseBritishNuclearMedicineSocietyStatementOnL
eavingEuratom [Accessed 10/11/20]
33. British Institute of Radiology. Important reports on supply of Medical Radioisotopes.
Available from: https://bir.org.uk/media-centre/news/2013/april/important-reports-onsupply-of-medical-radioisotopes.aspx [Accessed 27/01/21]
34. Parliamentary Office of Science and Technology. 2017. Supply of Medical
Radioisotopes. London: Houses of Parliament
35. Neilly B, Allen S, Ballinger J, et al. Future supply of medical radioisotopes for the UK
report 2014. Available from: https://arxiv.org/ftp/arxiv/papers/1501/1501.03071.pdf
[Accessed 15/02/21]
36. Mercanoglu G, Ozer A. 2015. Supply chain as a core component of business model:
innovative supply chain practices in pharma and radiopharma industries. J Pharm Care
Health Syst: 10.4172/2376-0419.1000133
37. Nuclear Medicine Europe. 2020. Communication from the NMEu emergency response
team (ERT) Subject: COVID-19 and the global supply of mo-99 and other isotopes.
[Updated 30/03/20]. Available from:
https://cdn.ymaws.com/www.bnms.org.uk/resource/resmgr/radioisotope_supplies/aipes_or
_oecd/nmeu_communication_30_march.pdf [Accessed 25/05/21]
38. Businesswire. ITM enters global supply agreements with Telix Pharmaceuticals for
clinical and commercial use of ITM’s n.c.a. Lutetium-177. Available from:
https://www.businesswire.com/news/home/20210318005055/en/ITM-Enters-GlobalSupply-Agreements-with-Telix-Pharmaceuticals-for-Clinical-and-Commercial-Use-ofITM%E2%80%99s-n.c.a.-Lutetium-177 [Accessed 27/04/21]
39. Nordic Nanovector. Nordic Nanovector signs global clinical and commercial agreement
with ITM for the supply of no-carrier-added Lutetium-177. Available from:
https://news.cision.com/nordic-nanovector/r/nordic-nanovector-signs-global-clinical-andcommercial-agreement-with-itm-for-the-supply-of-no-carri,c2926230 [Accessed 27/04/21]
Health system readiness for radioligand therapy in the UK: Regulation and reimbursement

24

40. GlobeNewsWire. 2017. Advanced Accelerator Applications signs strategic supply
agreement with University of Missouri for Lutetium 177. [Updated 30/03/17]. Available
from: http://www.globenewswire.com/en/news-release/2017/03/30/947032/0/en/AdvancedAccelerator-Applications-Signs-Strategic-Supply-Agreement-with-University-of-Missourifor-Lutetium-177.html [Accessed 25/05/21]
41. Brexit Health Alliance. Negotiating a new relationship with the EU that safeguards
patient access to medicines and medical technologies. [Updated 03/06/20]. Available from:
https://www.nhsconfed.org/resources/2020/06/brexit-impact-patient-medicines-medicaltechnologies [Accessed 02/06/21]
42. Gov.uk. Sourcing medicines for the Great Britain market from an approved country for
import or Northern Ireland. [Updated 31/12/20]. Available from:
https://www.gov.uk/guidance/sourcing-medicines-for-the-great-britain-market-from-anapproved-country-for-import-or-northern-ireland [Accessed 20/05/21]
43. Skates K. Written Statement: Up-date on the Nuclear Sector in Wales. Available from:
https://gov.wales/written-statement-date-nuclear-sector-wales-0 [Accessed 11/02/21]
44. Department of Health and Social Care. UK and EU Trade and Cooperation Agreement
and the government's preparation for end of the transition period on 31 December 2020.
Available from: https://www.gov.uk/government/publications/letter-to-the-health-and-caresector-about-the-uk-eu-trade-and-co-operation-agreement/uk-and-eu-trade-andcooperation-agreement-and-the-governments-preparation-for-end-of-the-transition-periodon-31-december-2020 [Accessed 11/02/21]
45. Department of Health and Social Care. Letter to medicines and medical product
suppliers: 17 November 2020. Available from:
https://www.gov.uk/government/publications/letter-to-medicines-and-medical-productssuppliers-17-november-2020/letter-to-medicines-and-medical-product-suppliers-17november-2020 [Accessed 11/02/21]
46. Administration of Radioactive Substances Advisory Committee. New licensing system
for administration of radioactive substances. Available from:
https://www.gov.uk/government/news/new-licensing-system-for-administration-ofradioactive-substances [Accessed 12/02/21]
47. Fraser L. ARSAC Update: BNMS Spring Meeting 2018. Available from:
https://cdn.ymaws.com/www.bnms.org.uk/resource/resmgr/presentations/spring_2018/sun
day/h08b_sun_0945_fraser.pdf [Accessed 21/01/21]
48. Administration of Radioactive Substances Advisory Committee. 2020. ARSAC Annual
Report April 2019 to March 2020. London: ARSAC
49. Hartman N. 2020. Interview with Emmanuelle Plucker at The Health Policy Partnership
[Telephone]. 23/09/20
50. Care Quality Commission, Healthcare Inspectorate Wales, The Regulation and Quality
Improvement Authority, et al. COVID-19: response from IR(ME)R inspectorates. [Updated
24/08/20]. Available from:
https://www.cqc.org.uk/sites/default/files/20200814_covid19_irmer_national_response_up
datedv4_2.pdf [Accessed 24/05/21]

Health system readiness for radioligand therapy in the UK: Regulation and reimbursement

25

51. Department for Business Energy and Industrial Strategy, Department for Environment
Food and Rural Affairs, Welsh Government, et al. Scope of and exemptions from the
radioactive substances legislation in England, Wales and Northern Ireland. Available from:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_
data/file/731733/RSL_Guidance_update_BEIS_format_v5_180803.pdf [Accessed
09/12/20]
52. UK Radioactive Waste Inventory. What are the main waste categories? Available from:
https://ukinventory.nda.gov.uk/about-radioactive-waste/what-is-radioactivity/what-are-themain-waste-categories/ [Accessed 20/04/21]
53. Radioactive Substances Act. 1993. United Kingdom: 27/05/93
54. Office for Nuclear Regulation. Transporting radioactive material. Available from:
http://www.onr.org.uk/transport/index.htm [Accessed 12/02/21]
55. UK Radioactive Waste Inventory. How do we manage radioactive waste? Available
from: https://ukinventory.nda.gov.uk/about-radioactive-waste/how-do-we-manageradioactive-waste/ [Accessed 20/04/21]
56. Nuclear decommissioning authority. Factsheet: wastes from medical activities.
Available from: https://ukinventory.nda.gov.uk/wp-content/uploads/2014/01/Fact-sheetwastes-from-medical-activities.pdf [Accessed 27/04/21]
57. Bomanji J. 2019. Interview with Christine Merkel and Catherine Whicher at The Health
Policy Partnership [In person]. 18/09/19
58. Department for Business Energy and Industrial Strategy. 2019. 2019 UK radioactive
waste detailed data. London: Department for Business Energy and Industrial Strategy
59. Environment Agency. Exceeding limits in radioactive substances permits due to Brexit
transition: RPS B1. [Updated 12/03/21]. Available from:
https://www.gov.uk/government/publications/exceeding-limits-in-radioactive-substancespermits-due-to-brexit-transition-rps-b1/exceeding-limits-in-radioactive-substances-permitsdue-to-brexit-transition-rps-b1 [Accessed 05/04/21]
60. Buscombe J. 2020. Interview with Christine Merkel at The Health Policy Partnership
[Telephone]. 21/09/20
61. National Institute for Health and Care Excellence. NICE technology appraisal
guidance. Available from: https://www.nice.org.uk/about/what-we-do/ourprogrammes/nice-guidance/nice-technology-appraisal-guidance [Accessed 26/03/21]
62. Monitor Deloitte. 2016. Office for Life Sciences: A how to guide: A guide to navigating
the innovation pathway in England: Accelerating NHS patient access to medical
innovations. London: Monitor Company Europe
63. Young JD, Jauregui-Osoro M, Wong WL, et al. 2021. An overview of nuclear medicine
research in the UK and the landscape for clinical adoption. Nucl Med Commun:
10.1097/mnm.0000000000001461
64. UK Parliament. Medical Treatments: Question for Department of Health and Social
Care. [Updated 17/03/20]. Available from: https://questionsstatements.parliament.uk/written-questions/detail/2020-03-09/26941 [Accessed 27/04/21]
Health system readiness for radioligand therapy in the UK: Regulation and reimbursement

26

65. Scowcroft S, Gill R. 2021. Interview with Lucy Morgan at The Health Policy Partnership
[Telephone]. 19/04/21
66. Williamson S. Implementing CAR T cell therapy in the NHS. Available from:
https://www.theattcnetwork.co.uk/wp-content/uploads/2019/06/Steve-WilliamsonCommissioning-for-Advanced-Therapy-Medicinal-Products-NHS-England-Perspective.pdf
[Accessed 09/04/21]
67. Jørgensen J, Hanna E, Kefalas P. 2020. Outcomes-based reimbursement for gene
therapies in practice: the experience of recently launched CAR-T cell therapies in major
European countries. J Mark Access Health Policy: 10.1080/20016689.2020.1715536
68. Shaw C, Ioannou P, Fountain D. 2019. PCN364 Reimbursement of CAR-T cell therapy
in the UK, a step towards more personalised cancer treatment. Value Health:
10.1016/j.jval.2019.09.559
69. National Institute for Health and Care Excellence. 2019. Cancer Drugs Fund Managed
Access Agreement: Axicabtagene ciloleucel for treating diffuse large B-cell lymphoma and
primary mediastinal B-cell lymphoma after 2 or more systemic therapies. London: NICE
70. National Institute for Health and Care Excellence. 2018. Cancer Drugs Fund Managed
Access Agreement: Tisagenlecleucel for treating relapsed or refractory B-cell acute
lymphoblastic leukaemia in people aged up to 25 years. London: NICE
71. NHS Wales. New Treatment Fund is delivering for the people of Wales. Available from:
http://www.wales.nhs.uk/news/45341 [Accessed 05/02/21]
72. Healthcare Financial Management Association. 2017. Medicines Costs in Scotland.
Bristol: HFMA
73. Department of Health Northern Ireland. Department Announces Improved Access to
New Drugs. Available from: https://www.health-ni.gov.uk/news/department-announcesimproved-access-new-drugs [Accessed 05/02/21]
74. National Institute for Health and Care Excellence. 2018. Lutetium (177Lu)
oxodotreotide for treating unresectable or metastatic neuroendocrine tumours. London:
NICE
75. NHS England. Operational Delivery Networks for Adult External Beam Radiotherapy
Services: Schedule 2 - The Services. Available from:
https://www.engage.england.nhs.uk/consultation/radiotherapy-service-specificationconsultation/user_uploads/operational-delivery-networks-adult-external-beamradiotherapy-services.pdf [Accessed 24/06/20]
76. NHS England. 2018. Manual for prescribed specialised services 2018/19. London:
NHS England
77. Tinsley J. 2021. Interview with Lucy Morgan at The Health Policy Partnership
[Telephone]. 23/04/21
78. Jackson A, Aldouri M, Waters C. 2014. The Management of Lymphoma: Oncological
Treatment Guidelines for the Management of Lymphoma & Pathway of Care. Canterbury:
Kent and Medway Cancer Collaborative

Health system readiness for radioligand therapy in the UK: Regulation and reimbursement

27

79. Worchestershire Country Area Prescribing Committee. Guidelines for the use of
Ibritumomab tiuxetan in the treatment of follicular non-Hodgkin’s lymphoma. Available
from: http://www.worcestershire.nhs.uk/EasySiteWeb/GatewayLink.aspx?alId=14487
[Accessed 05/03/21]
80. National Institute for Health and Care Excellence. 2021. Personal communication by
email: 11/05/21
81. Scottish Medicines Consortium. Re-Submission: ibritumomab tiuxetan (Zevalin®).
Available from:
https://www.scottishmedicines.org.uk/media/1801/ibritumomab_tiuxetan__zevalin__resub
mission_final_june_2007_for_website.pdf [Accessed 30/04/21]
82. NHS England. Individual requests for funding. Available from:
https://www.england.nhs.uk/contact-us/privacy-notice/how-we-use-your-information/ourservices/individual-requests-for-funding/ [Accessed 20/04/21]
83. NHS England. 2017. Specialised Services Individual Funding Request (IFR)
application form. [Updated 17/11/17]. Available from:
https://www.england.nhs.uk/publication/specialised-services-individual-funding-requests/
[Accessed 25/05/21]
84. Illidge T. 2021. Interview with Lucy Morgan at The Health Policy Partnership
[Telephone]. 01/06/21
85. NHS England, Elkington B. 2018. Individual Funding Requests. [Updated 27/03/18].
Available from:
https://www.whatdotheyknow.com/request/individual_funding_requests?unfold=1#incomin
g-1133585 [Accessed 27/04/21]
86. Healthcare Financial Management Association. 2019. How it works: specialised
commissioning in England. Bristol: HFMA
87. Cancer Research UK. What are neuroendocrine tumours (NETs)? Available from:
https://www.cancerresearchuk.org/about-cancer/neuroendocrine-tumours-nets/what-arenets [Accessed 24/04/21]
88. Clinicaltrials.gov. 177Lu-DOTATATE for the Treatment of Stage IV or Recurrent Breast
Cancer. Available from:
https://www.clinicaltrials.gov/ct2/show/NCT04529044?term=177Lu&cond=breast+cancer&
draw=2&rank=1 [Accessed 30/03/21]
89. Clinicaltrials.gov. Study of Betalutin for Treatment of Relapsed or Refractory NonHodgkin Lymphoma (LYMRIT-37-05). [Updated 01/12/20]. Available from:
https://www.clinicaltrials.gov/ct2/show/NCT02658968?term=Betalutin&cond=DLBCL&draw
=2&rank=1 [Accessed 10/03/21]
90. Afaq A, Ell PJ, Bomanji JB. 2019. Is it time to fund routine NHS usage of PSMA PETCT? Nucl Med Commun 40(10): 975-79
91. Royal Free London NHS Foundation Trust. Neuroendocrine investigations. Available
from: https://www.royalfree.nhs.uk/services/services-a-z/neuroendocrine-tumour-netunit/neuroendocrine-investigations/ [Accessed 01/04/21]

Health system readiness for radioligand therapy in the UK: Regulation and reimbursement

28

92. National Institute for Health and Care Excellence. 2011. Diagnostics Assessment
Programme manual. Manchester: NICE
93. Buscombe J. 2020. The Future of Molecular Radiotherapy Services in the UK. Clin
Oncol: 10.1016/j.clon.2020.11.012

Health system readiness for radioligand therapy in the UK: Regulation and reimbursement

29

