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Steady Progress, Long-Term Success: Advancing
the High-Quality and Sustainable Development of
the Radioligand Therapy Industry

Novartis ©

Executive Summary

Radioligand Therapy (RLT) has emerged as one of the most dynamic segments in
China's booming biotech industry, evidenced by accelerated investment and a
robust pipeline of drug candidates. At the same time, RLT involves distinctive
safety and environmental considerations, requiring careful alignment between rapid

innovation and robust safety governance as the sector develops.

To achieve this balance, two foundational systems should be strengthened in

parallel with industry growth:

* Aclear and predictable regulatory framework that robustly safeguards safety and
efficacy while providing reliable, innovation-friendly guidance to bring high-

quality RLT candidates to market.

* An optimized hospital access and clinical implementation pathway that enables
innovative RLT therapies to be delivered safely, efficiently, and in a timely

manner, translating scientific progress into real-world patient benefit.

" The views expressed in this report are those of the enterprise research and do not represent the official
stance or opinions of the forum host and organiser.
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Recommendations

Recommendation 1: Further refine and align the regulatory governance
framework for radiopharmaceuticals to reflect the full lifecycle of RLT
products, supporting safe innovation, orderly competition, and localization.

Key actions include:

* Update Regulations: Revise the Administrative Regulation on Radioactive

Pharmaceutical Products to clarify the definitions, regulatory attributes,

registration pathways, and technical requirements for radiopharmaceuticals and

their components.

* Standardize Management of Locally Manufactured Therapies: Establish

nationally consistent, risk-based quality and safety control systems, approved by

provincial or national medical products regulatory authorities, taking into

account safety, regulatory complexity, and intellectual property considerations.

* Strengthen Technical Review Standards for Me-too and Generics: Establish

reasonable technical review criteria for “me-too” radiopharmaceuticals and

reinforce consistent application of Regulatory Data Protection (RDP) principles,

ensuring that proprietary originator data are not relied upon in stand-alone

regulatory assessments without authorization. Further clarify technical and

bioequivalence requirements for generic radiopharmaceuticals to enhance

product quality, safety assurance, and regulatory predictability.

* Optimize Localization Rights: Allow originator products to continue using their

original brand names after localization, so as to protect originator rights and

ensure policy continuity across the full product lifecycle.

Recommendation 2: Further optimize the hospital access and clinical
implementation framework for radiopharmaceutical therapies, enabling safe,
timely, and scalable clinical use of RLT while improving patient affordability.

Key actions include:

* Establish Green Channels for Qualified Institutions: Encourage priority clinical
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use of innovative therapeutic radiopharmaceuticals in medical institutions with
appropriate qualifications and capabilities, and ensure that hospitals
participating in clinical research are able to provide RLT therapies on an as-

needed basis.

Implement Differentiated Hospital Access Mechanisms: For short half-life,
high-clinical-benefit radiopharmaceuticals, explore tailored evaluation
approaches such as pre-assessment plus dynamic filing to streamline formulary

entry and temporary procurement processes.

Optimize Hospital Performance Assessment Policies: Exclude eligible high-
value radiopharmaceutical therapies from drug expenditure ratio evaluations and
refine DRG management models to better reflect the clinical and operational

characteristics of RLT.

Strengthen Nuclear Medicine Capacity and MDT Integration: Support more
hospitals in obtaining RLT treatment qualifications, expand multidisciplinary
team participation, and enhance the training pipeline for specialized nuclear

medicine professionals.

Advance Coordinated Access and Payment Pathways: Incorporate eligible
radiopharmaceuticals into standardized disease treatment pathways and explore
alignment with city-level inclusive insurance and commercial insurance
programs to form an integrated access, payment, and clinical management

framework.

Conclusion

Experience across emerging technologies shows that only well-coordinated and
orderly development delivers lasting impact. Continued policy refinement and
system alignment will be key to translating RLT innovation into sustainable
clinical and industrial value.

Novartis stands ready to work with all stakeholders to support the safe and
sustainable development of radioligand therapy in China.
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Section 1: China's RLT Landscape — On Track to Global
Leadership

Radiopharmaceuticals are specialized medicinal products labeled with radioactive
isotopes for targeted diagnosis and therapy'. They are broadly categorized into
agents used for molecular imaging and diagnosis and those used for therapeutic
treatment?. This paper focuses on therapeutic applications, with particular emphasis
on radioligand therapy (RLT), an advanced and rapidly evolving segment of

therapeutic radiopharmaceuticals.

Radioligand therapy is a form of targeted precision medicine that has been most
widely applied in oncology. By linking a disease-specific targeting ligand with a
therapeutic radioisotope, RLT delivers ionizing radiation directly to tumor cells
expressing defined molecular markers, enabling precise tumor cell destruction

while minimizing exposure to surrounding healthy tissue**.

A defining feature of RLT is its theranostic paradigm, in which the same molecular
target can be used for both imaging and treatment®. This integrated approach allows
physicians to identify appropriate patients and confirm target engagement prior to
therapy. Clinically, RLT has demonstrated meaningful benefit in selected cancers
such as metastatic castration-resistant prostate cancer and neuroendocrine tumors,

particularly for patients with limited treatment options®’.

China RLT Ecosystem Development Status and Policy Support

China is rapidly strengthening its RLT ecosystem, driven by continued policy
support, expanding biotechnology innovation capacity, growing industrial
investment, and substantial clinical demand. Across isotope supply,
radiopharmaceutical innovation, and clinical adoption, the enabling conditions for

RLT scale-up are steadily improving.
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Table 1. Overview of China’s Radioligand Therapy Ecosystem Development

& logistics

increasing; GMP manufacturing
and nuclear pharmacy networks
steadily expanding

Segment Current Status Key Drivers
Upstream: Domestic supply capacity Policy support: Medical
Medical expanding; self-sufficiency in Isotope Development Plan
isotopes key diagnostic isotopes exceeds | (2021-2035)
80%:; therapeutic isotope National investment on
capability continuing to build reactor upgrades
Midstream: Innovation activity rising; Strengthening biotech
R&D, China’s share of new therapeutic | innovation capacity;
manufacturing | radiopharmaceutical pipelines Continued capital

investment;
Multinational localization

Downstream:
Clinical
utilization

Nuclear medicine infrastructure
and service capacity improving;
utilization still at an earlier stage
compared with developed
markets

Large cancer burden;
Population aging;
Expanding clinical
demand

Upstream: isotope supply capacity improving

Medical isotope availability has historically been a key structural bottleneck for

RLT development. This constraint is now gradually easing under the Medical
Isotope Development Plan (2021-2035)8, led by the China Atomic Energy

Authority together with relevant ministries. China has accelerated reactor upgrades

and expanded domestic production capacity for key medical isotopes.

By 2023, self-sufficiency in key diagnostic isotopes such as M0-99/Tc-99m had

exceeded 80%, while domestic capacity for therapeutic isotopes including Lu-177

and Ac-225 continues to expand’. This policy-driven localization is helping reduce

exposure to supply volatility and alleviate a longstanding constraint on RLT scale-

up.
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Midstream: R&D and manufacturing capabilities scaling

China’s radiopharmaceutical innovation activity is expanding steadily. According
to Insight Data!®, China’s share of newly added therapeutic radiopharmaceutical
pipelines increased from around 20% in 2020 to approximately 44%-45% in 2024—

2025, indicating a narrowing gap with leading international markets.

Newly Added Therapeutic Radiopharmaceutical Pipelines
China vs International
22 38 43

10 16 30
100%
80%
0,
o T 73% 70% ke
40%
20%
20% 27% 30% e
()
0%

2020 2021 2022 2023 2024 2025

mChina w=International

Source: BIFTRNIX AETHLHBSHE; THE (2025)
Chart 1. Rapid Rise of China in Global Therapeutic Radiopharmaceutical

Pipelines (2020-2025)
Manufacturing capabilities are strengthening in parallel. Continued investment in
GMP-compliant radiopharmaceutical facilities, together with ongoing localization
efforts by multinational companies, is improving production reliability and supply

resiliencel!.

At the distribution level, third-party nuclear pharmacy networks are increasingly
serving as core logistics infrastructure for short-half-life radiopharmaceuticals.
China’s nuclear pharmacy count increased from 63 in 2020 to 89 in 2024, indicating

steadily improving just-in-time supply capability?®.

26



Downstream: strong clinical demand with significant room for growth

Clinical demand provides a fundamental foundation for the long-term development
of radioligand therapy in China. In absolute terms, China bears the world’s largest
cancer burden. According to the International Agency for Research on Cancer
(IARC), the country recorded approximately 4.8 million new cancer cases and 2.6
million cancer deaths in 2022"2, accounting for roughly one quarter of the global
total. With the population aged 60 and above projected to reach 400 million by
2035'3, demand for oncology diagnosis and treatment is expected to continue

expanding.

In recent years, China’s nuclear medicine service capacity has improved steadily,
supported by continued expansion in clinical infrastructure. At the same time,
compared with developed markets such as the United States, overall utilization of
nuclear medicine and radiopharmaceutical therapies in China remains at an earlier
stage of development. The combination of substantial clinical need and still-
maturing utilization suggests considerable headroom for future growth as system

capacity and clinical readiness continue to advance.

Global Cancer New Cases And Mortality: Comparison Of Major Economies (2022)

Millions
[
5 43
4
3
2.6 24
o 14
0.9 1.0
1 0.6 0.6
0

China us India Japan Russian

wNew cases wDeaths

CAN 2022 datavass

Sourca: Mnfamaronal Agancy far Ressarsh on Cancsr ((ARC;, GLO

Chart 2. China’s Cancer Burden in Global Context (2022)
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Per Capita Expenditure on Medical Applications of Isotopes

Chinavs U.S
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Chart 3 Gap in Medical Isotope Utilization Between China and the U.S!*

Total Nuclear Medicine Departments Hospitals Offering Radiopharmaceutical
(Units) Therapy (Units)
1237
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790
1148
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Source: BFTFKE BEHLRVIESHEE TEE (2025)
Chart 4. Expansion of Nuclear Medicine and Radiopharmaceutical Therapy
Capacity in China
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Section 2: Into Sustainable Development — Addressing Key
Factors for RLT's Long-Term Viability

As China’s radioligand therapy ecosystem enters a phase of accelerated
development, attention is increasingly shifting from early capacity build-up toward

the conditions required for long-term, sustainable growth.

International experience's'¢!7 suggests that when emerging technology sectors
expand rapidly, often supported by policy incentives, capital inflows, and
technological breakthroughs, long-term outcomes depend on whether regulatory
frameworks, institutional capacity, and clinical systems evolve in step. Where this
alignment lags, sectors may face fragmented investment and implementation

inefficiencies.

For RLT, the need for coordinated development is particularly important. Due to its
radioactive nature, the modality places elevated requirements on radiation safety,
environmental management, and full-lifecycle quality control'®. Ensuring that
industry expansion proceeds in a stable, orderly, and well-regulated manner is
therefore essential to maintaining public confidence and supporting long-term

competitiveness.

Looking ahead, sustainable RLT development will depend on continued progress in

two priority areas:

* Aclear and predictable regulatory framework that robustly safeguards safety and
efficacy while providing innovation-friendly guidance for high-quality RLT

products; and

* An optimized hospital access and clinical implementation pathway that enables
RLT therapies to be delivered safely, efficiently, and in a timely manner,

translating scientific progress into real-world patient benefit.

Current practice suggests that gaps remain in both dimensions.
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2.1 Regulatory framework: progressing but not yet fully adapted to RLT

Table 2. Key Regulatory Gaps Affecting the Development of RLT

Issue Area Key Gap Identified Relevant Policies / Measures
Regulatory Lack of unified Radioactive Pharmaceuticals
clarity for key | definitions and clear Management Measures (1989,
RLT regulatory pathways for | rev. 2024)
components key RLT components
Oversight of National LMT pathway Administrative Measures for
Locally and enforcement Medical Institution Preparation
Manufactured | boundaries remain of Positron
Therapies unclear Radiopharmaceuticals (2006);
(LMT) Drug Administration Law
Me-too and Application boundaries Technical Guidelines for Non-
generics for data protection and clinical Research on Therapeutic
pathways BE standards in complex | Radiopharmaceuticals
radlopharmaceutlcals Technical Guidelines for Non-
remain to be further linical Research on Diagnostic
clarified. ;lm.c a . g
adiopharmaceuticals
Localization Supporting policies in General Office of the State
incentives and | place, but detailed Council Circular (Guo Ban Fa
implementation | implementation and [2024] No. 53)
continuity cross-linkage across the | NMPA Opinions on Reforming
RLT value chain can be and Improving the Review and
further strengthened Approval System for
Radiopharmaceuticals

In recent years, China has made notable progress in strengthening the regulatory
and technical framework for radiopharmaceuticals. The National Medical Products
Administration (NMPA) has established dedicated review pathways and issued a
series of evaluation guidelines, reflecting growing national-level focus on this

emerging field".

At the same time, as radioligand therapy technologies continue to evolve rapidly,
certain elements of the current framework would benefit from further refinement to

more fully reflect the modality’s unique technical characteristics and risk profile.
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2.1.1 Gaps in regulatory clarity for key RLT components

The Radioactive Pharmaceuticals Management Measures, administered by the
National Medical Products Administration and originally issued in 1989 (latest
revision in 2024)%, still lack unified clarity on the definitions, regulatory attributes,
registration pathways, and technical requirements for key RLT components,
including radionuclides, chemical precursors, cold kits, and generators. Dedicated

technical guidelines specific to radioligand therapies also remain limited.

This situation may create regulatory uncertainty and could slow the development,

registration, and clinical adoption of RLT innovations.
2.1.2 Oversight for Locally Manufactured Therapies requires further clarification

Locally Manufactured Therapies (LMT) refer to radiopharmaceutical products
prepared and used within qualified medical institutions to meet specific clinical
needs?!. China has established an initial regulatory foundation in this area. The
Administrative Measures for Medical Institution Preparation of Positron
Radiopharmaceuticals (2006) set requirements for 12 PET radiopharmaceuticals??.
However, products outside this defined scope currently lack a clearly established
LMT pathway.

In practice, several areas remain subject to interpretation, including:

* whether provincial drug administrations have sufficient capacity to conduct

specialized review, testing, and inspection for radiopharmaceutical preparations;

* whether technical expectations for hospital preparation, including mechanism of
action, formulation and manufacturing process, and nonclinical safety evaluation,

are consistently defined; and

* whether production conditions at medical institutions fully align with current

GMP and pharmacovigilance requirements.

Given that many hospital-prepared radiopharmaceuticals are administered
intravenously, the associated safety considerations are inherently higher than those

for conventional in-house preparations.
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Under the current legal framework, Drug Administration Law?® provides the general
principle that LMT should apply only where no marketed product is available. This
approach is broadly aligned with international regulatory practice’*?*. In practice,
however, enforcement boundaries are not always explicit. Hospital-prepared
products may continue to coexist with NMPA-approved products in some settings,

creating regulatory ambiguity and potential intellectual property risks.

2.1.3 “Me-too” and generic pathways: areas where predictability can be strengthened

Encouragingly, under the current framework, “me-too” radiopharmaceutical
products applying as innovative drugs are generally expected to conduct their own
clinical studies?. This helps mitigate the risk of inappropriate reliance on originator

clinical data.

At the same time, some forward-looking questions remain as the system continues
to mature. The Center for Drug Evaluation (CDE) has issued non-clinical technical

guidelines for therapeutic and diagnostic radiopharmaceuticals®®?’

, providing
clearer development expectations. As implementation experience accumulates,
continued observation will be important, particularly regarding how these
guidelines are applied in stand-alone applications and how data protection

principles are operationalized in practice.

For generic radiopharmaceuticals, current practice for certain widely used
diagnostic products has allowed waivers of clinical or bioequivalence (BE) studies
under defined conditions. Whether similar approaches may extend to future RLT or
radioligand imaging generics, and what constitutes appropriate BE assessment for
these more complex products, remains to be further clarified. Greater technical
specificity in this area would enhance regulatory predictability while maintaining

robust safety assurance.

2.1.4 Localization incentives. direction clear, implementation continuity can be
enhanced

China has introduced supportive policies to prioritize review and approval

resources for clinically urgent innovative drugs and to streamline the process for

transferring overseas-approved products to domestic manufacturing?®%°.
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However, implementation rules specific to radiopharmaceuticals have not yet been
fully clarified, which may limit the effective realization of these incentives in

practice.

For radioligand therapy, localization involves not only manufacturing site transfer
but also coordination across isotope supply, hot cell release systems, specialized
transport, hospital access, and reimbursement. Greater continuity and consistency
of policy support across these interconnected elements would help strengthen long-
term investment certainty and support the development of a high-quality, scalable

industrial ecosystem.

2.2 Clinical implementation: hardware improving, but “soft capacity” still
developing

Table 3. Clinical Access and Utilization Gaps for RLT

Issue Area Key Gap Identified
Hospital access and Access pathways still follow conventional drug
operational readiness processes and do not fully match RLT’s time-

sensitive and operational characteristics

Workforce capability and Nuclear medicine talent pool and MDT

multidisciplinary integration remain uneven, limiting effective
integration clinical use

Payment and Most innovative RLT therapies remain outside
reimbursement pathways NRDL, with limited commercial coverage and

constrained hospital uptake

China’s nuclear medicine infrastructure (“hard capacity”) has expanded steadily in
recent years, as outlined in Section 1, reflecting continued progress in equipment
deployment, facility readiness, and service coverage. This provides an increasingly

solid foundation for the development of radioligand therapy.

At the same time, the clinical management framework and professional capability
(“soft capacity”) for RLT remain in a phase of maturation. Looking ahead, further
progress will depend not only on continued infrastructure build-out, but also on
strengthening management mechanisms, clinical integration, and specialized talent

development to support the sector’s sustainable and efficient growth.
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2.2.1 Hospital access and operational readiness remain constrained.

Hospital access for RLT largely continues to follow conventional pharmaceutical
pathways, which do mnot fully reflect the unique characteristics of
radiopharmaceuticals. In tertiary hospitals, formulary entry is typically advanced
through standard processes such as Pharmacy and Therapeutics Committee review,
centralized or hospital-level negotiations. These pathways often involve multiple
approval steps, lengthy timelines, variable requirements for temporary procurement,
and limited differentiated evaluation mechanisms tailored to nuclear medicine

products.

In addition, the relatively high cost of RLT therapies means their clinical use may
be further influenced by hospital performance metrics such as DRG management

and drug expenditure controls, which can constrain routine adoption.

Taking prostate cancer as an illustrative example, Zhejiang Province reports more
than 15,000 new patients annually, yet actual RLT treatment volumes remain below
200 cases per year’?. The corresponding isotope Lu-177 has a short half-life of
approximately five days and requires prescription-driven production. Under current
complex hospital management procedures, supply responsiveness and clinical

demand are not always well aligned, which may limit timely patient access.
2.2.2 Workforce capability and multidisciplinary integration remain uneven

Professional knowledge and clinical capability in RLT remain uneven across
institutions, reflecting a broader talent and workforce gap. In practice, challenges
such as “not knowing how to use,” “hesitating to use,” and “being unable to use”

advanced radiopharmaceuticals are still observed in some clinical settings.

Taking Zhejiang Province as an illustrative example, among 76 tertiary hospitals,
39 currently provide nuclear medicine diagnostic and therapeutic services, yet only
nine have the capability to deliver advanced radiopharmaceutical therapies®’. The
nuclear medicine workforce is still developing, with a relatively limited pool of
physicians possessing integrated, system-level expertise in nuclear medicine and

theranostics.
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In many institutions, nuclear medicine departments continue to be positioned
primarily as auxiliary services, with relatively limited participation in
multidisciplinary team (MDT) decision-making. Awareness of nuclear medicine
therapies among clinicians, patients, and the broader public also remains in a phase
of gradual improvement. Together, these factors may constrain the appropriate and

wider clinical utilization of innovative radiopharmaceutical therapies.
2.2.3 Payment and reimbursement pathways are still developing

Many innovative RLT products remain outside the National Reimbursement Drug
List (NRDL), and to date only limited city-level commercial insurance programs
have begun to provide partial coverage. As a result, patient affordability remains a

key constraint on broader clinical uptake.

This situation not only creates barriers to patient access to innovative
radiopharmaceutical therapies, but also slows the accumulation of real-world health
economic evidence needed to support value assessment and reimbursement
decision-making. In addition, many policy mechanisms designed to facilitate
hospital access and clinical use are primarily applicable to NRDL-listed products.
As RLT therapies are largely outside this framework, they are currently unable to
fully benefit from these access-support policies, which may further constrain

hospital adoption and utilization.

Section 3: Recommendations

In light of the gaps identified above, targeted policy refinement will be important

to support the sustainable development of China’s radioligand therapy ecosystem.

Recommendation 1: Further refine and align the regulatory governance
framework for radiopharmaceuticals to reflect the full lifecycle of RLT
products, supporting safe innovation, orderly competition, and localization.

Key actions include:

* Update Regulations: Revise the Administrative Regulation on Radioactive

Pharmaceutical Products to clarify the definitions, regulatory attributes,
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registration pathways, and technical requirements for radiopharmaceuticals and

their components.

* Standardize Management of Locally Manufactured Therapies: Establish
nationally consistent, risk-based quality and safety control systems, approved by
provincial or national medical products regulatory authorities, taking into

account safety, regulatory complexity, and intellectual property considerations.

* Strengthen Technical Review Standards for Me-too and Generics: Establish
reasonable technical review criteria for “me-too” radiopharmaceuticals and
reinforce consistent application of Regulatory Data Protection principles,
ensuring that proprietary originator data are not relied upon in stand-alone
regulatory assessments without authorization. Further clarify technical and
bioequivalence requirements for generic radiopharmaceuticals to enhance

product quality, safety assurance, and regulatory predictability.

* Optimize Localization Rights: Allow originator products to continue using their
original brand names after localization, so as to protect originator rights and

ensure policy continuity across the full product lifecycle.

Recommendation 2: Further optimize the hospital access and clinical
implementation framework for radiopharmaceutical therapies, enabling safe,

timely, and scalable clinical use of RLT while improving patient affordability.
Key actions include:

* Establish Green Channels for Qualified Institutions: Encourage priority clinical
use of innovative therapeutic radiopharmaceuticals in medical institutions with
appropriate qualifications and capabilities and ensure that hospitals participating

in clinical research are able to provide RLT therapies on an as-needed basis.

* Implement Differentiated Hospital Access Mechanisms: For short half-life,
high-clinical-benefit radiopharmaceuticals, explore tailored evaluation
approaches such as pre-assessment plus dynamic filing to streamline formulary

entry and temporary procurement processes.
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* Optimize Hospital Performance Assessment Policies: Exclude eligible high-
value radiopharmaceutical therapies from drug expenditure ratio evaluations and
refine DRG management models to better reflect the clinical and operational

characteristics of RLT.

* Strengthen Nuclear Medicine Capacity and MDT Integration: Support more
hospitals in obtaining RLT treatment qualifications, expand multidisciplinary
team participation, and enhance the training pipeline for specialized nuclear

medicine professionals.

* Advance Coordinated Access and Payment Pathways: Incorporate eligible
radiopharmaceuticals into standardized disease treatment pathways and explore
alignment with city-level inclusive insurance and commercial insurance
programs to form an integrated access, payment, and clinical management

framework.

Conclusion

Radioligand therapy is entering an important window of development in China.
Supported by strong clinical demand, improving supply capabilities, and growing
innovation momentum, the sector is well positioned for continued expansion. At
this stage, however, the focus should not be on speed alone. Sustainable impact will
depend on steady, well-coordinated progress that matches the sector’s growing

complexity.

The experience of many emerging technologies shows that only development that
advances in a stable and orderly manner can ultimately go far. For China’s RLT
ecosystem, continued policy refinement and system-level coordination will be
important to ensure that innovation translates into durable clinical value and long-

term industrial strength.

Novartis stands ready to work with all stakeholders to support the safe, high-quality,

and sustainable development of radioligand therapy in China.
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