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Executive Summary  

Radiopharmaceutical therapies (RPTs) are an expanding area of oncology drug development, offering 

opportunities to improve outcomes for patients with cancer. As development advances across tumor types, 

molecular targets, and radionuclide classes, determining how best to optimize dosing remains a central 

scientific and regulatory challenge. The FDA’s approach to oncology dosage optimization continues to 

evolve, and recent draft guidance on RPTs underscores the need for practical strategies. While established 

oncology dosage optimization principles apply, implementing them for RPTs requires attention to how 

administered activity translates into radiation delivery over time and how factors such as absorbed dose, 

cumulative activity, and, where relevant, ligand mass influence therapeutic index. 

A key challenge is that administered activity escalation often occurs before relationships among 

administered activity, absorbed dose, clinical response, and toxicity are fully characterized. This uncertainty 

is not unique to RPTs, but it may be compounded by questions around radiation delivery across tumors and 

normal tissues, the feasibility of dosimetry and imaging, variability in biodistribution, and the potential for 

cumulative or delayed toxicities. These factors require prospective data collection that is tailored to each 

RPT and capable of informing escalation and dosage optimization decisions. 

Historically, organ absorbed dose limits derived from external beam radiation therapy (EBRT) served as 

reference points for RPT development. Although useful for initial safety context and starting administered 

activity selection, these limits were not established for systemically administered RPTs. Reliance on EBRT-

derived thresholds may limit evaluation across administered activity levels and impede generation of RPT-

specific evidence needed to guide dosage optimization. 

This white paper proposes a fit-for-purpose approach to support administered activity escalation and 

dosage optimization in RPT development. The approach is grounded in three core principles: 

• Use escalation to generate RPT-specific evidence. EBRT-derived limits may inform starting 

assumptions, but escalation and dosage optimization should support characterization of 

relationships among administered activity, absorbed dose, clinical activity, and toxicity in RPTs. 

• Anchor decisions to the totality of evidence. Administered activity escalation and dosage 

optimization decisions should integrate emerging clinical, dosimetry, imaging, and biological 

evidence so that decisions reflect the developing evidence package for the specific RPT. 

• Design evidence-generation strategies that are practical and patient-centered. RPT development 

should generate sufficient evidence to support dosage selection while minimizing unnecessary 

burden on patients, particularly in early-phase studies involving advanced disease.  

Operationalization will require trial designs, monitoring strategies, and governance processes that support 

escalation while incorporating emerging multi-cycle and longitudinal safety data. Clinical context, including 

disease stage, expected survival, organ function, and patient-specific risk factors, should also guide 

development decisions. Evidence generated in late-line settings can inform subsequent development, but 

dosage strategies may require further refinement as RPTs move into broader or earlier-line populations. 

By providing practical considerations for evidence generation, escalation decisions, and safety monitoring, 

this white paper aims to support more consistent and scientifically grounded RPT development while 

building the empirical foundation needed to optimize dosage strategies for future RPT programs. 
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Introduction 

Radiopharmaceutical therapies (RPTs) represent an expanding field across tumor types, targets, and 

radionuclide classes, creating new opportunities to improve outcomes for patients with cancer. As 

development accelerates, there is increasing focus on identifying dosing strategies that maximize 

therapeutic benefit while maintaining acceptable safety, consistent with dosage optimization principles 

applied across oncology drug development. Treatment selection should be guided by iterative evidence 

generation, evaluation of safety and tolerability, and integration of data to inform benefit-risk, while 

accounting for modality-specific features that may influence how administered activity, absorbed dose, and 

clinical response are characterized. 

As with other anticancer therapies, dosage optimization in RPTs often proceeds under conditions of 

evolving evidence. Relationships between administered activity, absorbed dose, and clinical outcomes may 

not be fully characterized at the time escalation and dosage selection decisions are being made, in part 

because the relevant exposure metrics are still evolving and may be difficult to measure directly. Dosage 

decisions are therefore made while clinical studies generate data to better define these relationships. This 

uncertainty does not represent a fundamentally different development, but rather the need to adapt 

traditional exposure–response characterization to include novel parameters relevant to RPTs. 

Because RPTs deliver radiation, observed toxicities may be interpreted with heightened scrutiny compared 

with similar events observed after non-radiative anticancer therapies. Radiation-related risks warrant careful 

monitoring, particularly for delayed or cumulative toxicities; however, RPT development should be evaluated 

using an evidence-based benefit–risk framework consistent with oncology drug development more broadly. 

RPT-specific monitoring and follow-up should therefore be designed to characterize relevant risks without 

creating unnecessary barriers to the evidence generation needed to support dosage optimization. 

Early escalation strategies in RPTs are often contextualized using organ dose limits derived from external 

beam radiation therapy (EBRT). Although these limits can provide useful reference points, they were 

established under fundamentally different exposure conditions and are not intended to define escalation 

boundaries for systemically administered RPTs. Treating EBRT-derived limits as fixed constraints may 

therefore limit full characterization of RPT-specific exposure–outcome relationships. 

Advancing RPT development requires an approach that supports administered activity escalation and 

dosage optimization while generating evidence linking administered activity, radiation exposure, and clinical 

outcomes. In 2025, the U.S. Food and Drug Administration (FDA) released a draft guidance1 outlining key 

scientific and regulatory considerations for RPT dosage optimization; however, additional operational 

guidance may help sponsors translate these principles into practical trial designs, escalation strategies, and 

evidence-generation approaches. 

This white paper proposes a fit-for-purpose approach with two primary objectives: 

• To support safe escalation of administered activity when relationships among administered activity, 

absorbed dose, clinical response, and toxicity remain uncertain; and 

• To enable a progressive transition toward RPT-specific dosage optimization as clinical, dosimetry, 

and biological evidence accumulates. 

The proposed approach positions EBRT-derived limits as reference points rather than fixed constraints and 

emphasizes totality-of-evidence decision-making. By applying established oncology drug development 
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principles to the clinical and pharmacologic context of RPTs, it aims to support efficient development while 

strengthening the empirical foundation for RPT-specific dosage optimization. 

Scope and Terminology for RPT Development 

This white paper addresses clinical development decisions related to administered activity escalation and 

dosage optimization, including design, interpretation of safety and dosimetry data, and evidence generation 

needed to support dosage selection. The outlined concepts are intended to complement established 

oncology drug development paradigms, including dose escalation and dosage optimization principles 

reflected in FDA’s Project Optimus2. While RPTs represent a heterogeneous class of agents with distinct 

characteristics, the foundational principles guiding escalation and dosage optimization remain applicable. 

Definition of Radiopharmaceutical Therapies 

For purposes of this white paper, RPTs are defined as systemically administered therapeutic agents in which 

antitumor activity is driven primarily by cytotoxic radiation delivered from a radioactive isotope to malignant 

tissue. This definition includes RPTs incorporating alpha-, beta-, or Auger electron-emitting radionuclides 

and encompasses the range of systemically administered RPTs currently used or under development.  

Tumor localization may occur through different mechanisms. In many cases, a targeting molecule, such as 

a peptide, small molecule, or antibody, is conjugated or chelated to a radionuclide to enable preferential 

tumor uptake. In other cases, localization reflects intrinsic biological properties of the radionuclide itself, 

such as the bone-seeking calcium mimetic activity of radium-223. Although individual agents differ in 

targeting mechanism, biodistribution, and toxicity profiles, the biological effect in all cases is shaped by 

target expression levels, distribution of radiation exposure, absorbed dose distribution, and tissue 

radiosensitivity following administration. Escalation, monitoring, and dosage optimization strategies should 

therefore be tailored to the specific biological and clinical characteristics of each agent. 

Clear and consistent terminology is essential to distinguish between administered activity, radiation 

exposure, and overall treatment design. Key terms used throughout this white paper are defined in Table 1. 

Table 1. Core Terminology Framework 

Term Definition Role in Escalation and Optimization 

Administered 
activity 

Quantity of radioactivity administered 
to the patient (e.g., GBq, mCi) 

Primary variable adjusted during escalation 
and regimen optimization 

Absorbed 
dose 

Radiation energy deposited in a 
specific tissue or organ (Gy) 

Provides context for tissue exposure and 
potential toxicity risk 

Dosage Administered activity, interval between 
administrations (dosing frequency), 
and number of administrations/cycles 

Primary construct for optimizing therapeutic 
index 

Cumulative 
activity 

Total administered activity delivered 
across all treatment cycles 

Reflects total administered activity across 
treatment and provides context for cumulative 
radiation exposure 

Dosage 
optimization 

Process of identifying a regimen that 
maximizes therapeutic benefit while 
maintaining acceptable safety 

Central objective of clinical development 
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Exposure–
response 

Relationships among administered 
activity, absorbed dose, and clinical 
response 

Informs whether administered activity and 
absorbed dose are associated with therapeutic 
activity and informs dosage selection. 

Exposure–
toxicity 

Relationships among administered 
activity, absorbed dose, and toxicity 

Informs whether administered activity and 
absorbed dose are associated with acute, 
cumulative, or delayed toxicity and informs 
escalation, monitoring, and dosage 
optimization decisions. 

Abbreviations: GBq, Gigabecquerel; mCi, Millicurie; Gy, Gray 

Multidimensional Nature of Dosage Optimization 

Optimization in RPT development involves refining dosage over time, rather than selecting a single 

administered activity level. In RPTs, administered activity per treatment, number of administrations, interval 

between administrations, overall treatment duration, cumulative activity, and ligand mass for ligand-based 

RPTs may each influence therapeutic index and serve as variables for optimization. 

Because these components are interdependent, changes to administered activity, cycle number, or 

treatment interval may alter the therapeutic index. As with other oncology therapeutics, patient- and 

treatment-related factors, including body size, tumor burden, organ function, target expression, ligand mass, 

and prior clinical experience, may also influence biodistribution, absorbed dose, clinical response, and the 

relative importance of specific dosage parameters across RPT classes. Dosage may also require refinement 

over time based on changes in disease characteristics, organ function, response, and tolerability within an 

individual patient. 

Unlike EBRTs, where radiation is typically delivered in succession over a short time period (e.g., daily 

fractions), RPTs are administered in cycles with longer time intervals between administrations (e.g., weeks) 

that may allow for partial recovery of normal tissues. These differences in treatment delivery may influence 

the timing and interpretation of toxicity signals, particularly for tissues with more rapid recovery dynamics 

(e.g., hematologic toxicity), and reinforce that dosage optimization should be understood as a process of 

refining dosage over time, consistent with broader oncology drug development principles.  

Operationalizing Oncology Dosage Optimization Principles in RPT 

Development 

Project Optimus and Dosage Optimization in RPT Development 

FDA’s Project Optimus establishes the current regulatory framework for dosage optimization in oncology 

drug development and reinforces the expectation that dosage selection should be supported by prospective 

evaluation of safety, efficacy, and exposure–response relationships to identify dosages that maximize 

therapeutic benefit while maintaining acceptable safety. This framework is directly relevant to RPT 

development, where the central objective remains generating sufficient evidence to support selection of a 

dosage with an appropriate therapeutic index.  

For RPTs, alignment with Project Optimus should be understood as application of its principles of 

prospective dosage optimization and evidence-based dosage selection, while allowing for flexibility in how 

those principles are implemented. Table 2 summarizes how core oncology dosage optimization principles 

translate to RPT development and provides a framework for the evidence generation and study design 

considerations discussed in the following sections. 
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Table 2. Application of Oncology Drug Development Principles in RPT Development

Principle Application in Drug Development Specific Considerations in RPT Development 

Early Dose 
Escalation and Initial 
Safety 
Characterization 

Early dose escalation is used to characterize 
initial safety, establish a dose range suitable for 
further evaluation, and inform subsequent 
dosage optimization. 

Escalation should incorporate emerging multi-cycle safety data, 
as in other oncology drug development, and proceed without 
undue constraint from non–RPT-derived dose limits. 

Optimization beyond 
the dose-limiting 
toxicity (DLT) period 

Safety evaluation extends beyond the initial DLT assessment period to characterize delayed, cumulative, and 
potentially irreversible toxicities that may influence dosage optimization over time. This principle applies for new 
oncology compounds in general: both RPTs and other agents. In RPTs, dosimetry may provide additional context for 
understanding cumulative exposure to dose-limiting organs but should not be interpreted or used as fixed absorbed 
dose limits derived from non-RPT settings. 

Therapeutic index–
driven decision-
making 

Dose selection balances efficacy and safety 
using available clinical and pharmacologic data. 

Dosage decision-making should integrate dosimetry, imaging, 
safety, pharmacokinetics, clinical outcomes, and biological 
measures of radiation exposure to characterize therapeutic index. 

Evaluation of 
multiple dosages 

Different dose levels and schedules are 
assessed to optimize safety and efficacy. 

Dosage parameters—including administered activity, number of 
administrations, and interval between administrations—are key 
determinants of cumulative radiation exposure and therapeutic 
effect. 

Integration of 
diverse data sources 

Clinical safety, efficacy, PK, and biomarker data 
are integrated to inform dose selection. 

Linking dosimetry with imaging-based efficacy assessment, 
radioactive and non-radioactive PK evaluation, clinical safety data, 
and relevant biomarkers, including blood-based, where 
informative, is essential to characterize exposure–response and 
exposure–toxicity relationships over time. 

Variability across 
and within patients 

Interpatient variability in exposure and response 
is evaluated to inform dosing strategies. 

Variability in biodistribution, target expression, and radiation 
delivery across patients and treatment cycles may influence 
absorbed dose and clinical outcomes and should be evaluated in 
dosage selection. 

Iterative learning 
across development 

Dosage optimization evolves as evidence 
accumulates across studies and populations. 

Understanding of exposure–response relationships should be 
refined as evidence accumulates across administered dose levels, 
treatment schedules, and patient populations. 



 

RPT Dosage Optimization Framework   8 

Evidence Generation for Dosage Optimization 

The evidentiary expectations underlying dosage optimization in RPTs are consistent with those applied 

across oncology drug development, but the parameters most informative for characterizing exposure, 

response, and variability may differ. As in other settings, dosage selection should be supported by integrated 

evaluation of safety, antitumor activity, and exposure–response relationships. In RPT development, 

however, exposure characterization may extend beyond conventional plasma pharmacokinetics (PK) to 

include biodistribution, radioactive and non-radioactive PK, imaging-based characterization of tumor and 

organ uptake, tissue dosimetry, and longitudinal assessment across treatment cycles.  

These measures supplement, rather than replace, standard clinical pharmacology principles and PK 

assessment and can provide additional or more direct means of characterizing treatment delivery, tissue 

exposure, and variability. Plasma PK, ligand PK, and traditional covariate analyses remain relevant, 

particularly for interpreting biodistribution, clearance, target saturation, or interpatient variability. However, 

their relative importance should be evaluated based on the specific agent and development question, as 

dosimetry- or imaging-based exposure metrics may be more informative in some programs. 

The objective is not to apply a fixed set of measurement approaches, but to define an evidence package 

sufficient to characterize therapeutic index using the parameters most relevant to the agent. In some 

settings, this may support broader characterization of biodistribution, radiation delivery, absorbed dose, and 

PK than is routinely feasible in other oncology programs. In others, limitations in the ability to directly image 

certain radioisotopes, particularly where low administered activities or limited photon emissions complicate 

dosimetry, dosimetry methodology, sample collection, assay complexity, treatment logistics, patient burden, 

or characteristics of the patient population may necessitate a more selective approach. Evidence-

generation strategies should therefore sufficiently characterize the RPT without imposing unnecessary 

burden on patients, particularly in early-phase studies involving advanced or medically complex populations. 

Evidence generation should also consider patient-relevant tolerability and burden, including symptoms, 

quality of life, treatment logistics, imaging requirements, radiation-safety restrictions, travel, and caregiver 

burden. Regardless of the approach, the data collected should be sufficient to support dosage selection 

and justify the proposed relationship between administered activity, absorbed dose, efficacy, and safety.  

Study Design Considerations 

The principles of dosage optimization in RPTs do not prescribe a single study design or development 

sequence. As in other oncology settings, the study design used to support dosage selection should be 

determined by the characteristics of the agent, the disease setting, the feasibility of data collection, and the 

evidence required to characterize therapeutic index. The maturity of prior evidence for the specific 

radionuclide, targeting platform, and molecular construct under study should also be considered. For 

example, prior clinical experience supporting a beta-emitting small-molecule RPT may differ substantially 

from that available for an alpha-emitting antibody construct, with implications for uncertainty, monitoring 

strategy, and the extent of evidence needed to support escalation and dosage selection. Standard 

approaches used elsewhere in oncology—including dose escalation, expansion cohorts, formal comparison 

of multiple dosage strategies, and integrated exposure–response analyses—may be appropriate when 

aligned with the scientific and clinical objectives of the program.  

No single implementation model should be presumed to represent the default for RPT dosage optimization. 

Depending on the program, dosage optimization may be supported through conventional escalation 
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followed by expansion, prospective comparison of multiple administered activity levels, variation in 

treatment interval or number of administrations, or an integrated assessment of data across administered 

activity levels and treatment cycles without formal randomization. In some settings, randomized 

comparison of dosage strategies may provide the most direct basis for optimization. In others, particularly 

where patient populations are small or narrowly defined, patients have limited life expectancy because of 

advanced disease, treatment effects emerge over multiple cycles, or feasibility constraints restrict study 

designs, alternative approaches may provide an equally rigorous basis for dosage selection when supported 

by sufficient integrated evidence.  

Evidence Generation to Support RPT-Specific Dosage Optimization 

A central objective of RPT development is to characterize the relationships between administered activity, 

its resulting radiation exposure to tumors and normal tissues, and downstream clinical outcomes (Figure 

1). Measures such as absorbed dose, tumor response, toxicity, imaging-derived uptake, and other biological 

signals capture complementary dimensions of treatment effect and together inform dosage optimization. 

Correlations between absorbed dose and tumor response or toxicity have been observed across multiple 

RPT classes, but these relationships remain incompletely defined across agents and indications. Variability 

in biodistribution, PK, target expression, radionuclide, targeting platform, disease setting, and prior clinical 

experience may contribute to heterogeneity in radiation exposure and clinical outcomes. Because uptake 

and response may vary across lesions, exposure–response analyses may need to consider lesion-level 

dosimetry and imaging findings alongside patient-level clinical outcomes.  
 

 

Figure 1. Conceptual Comparison of Exposure–Outcome Relationships in EBRTs and RPTs. 
In EBRTs (left), relationships between radiation exposure and clinical outcomes such as tumor response and toxicity 
are well characterized and relatively consistent across patients, enabling the identification of dose limits and 
therapeutic ranges. In contrast, for systemically administered RPTs (right), these relationships are less well defined 
and may vary across patients due to differences in administered activity, biodistribution, tumor and normal tissue 
uptake and retention, radionuclide properties, PK, and targeting efficiency. Shaded regions represent uncertainty in 
the relationship between absorbed dose, response, and toxicity. As a result, dosage optimization in RPT development 
requires iterative characterization of exposure–outcome relationships across multiple data domains. 
 

The involvement of radiation and potential for delayed or irreversible effects have contributed to increased 

regulatory sensitivity in RPT development. However, uncertainty in exposure–response and exposure–

toxicity relationships is not unique to RPTs; it is a common feature of early oncology drug development that 
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should be addressed through prospective evidence generation. Administered activity escalation and multi-

cycle evaluation are particularly important to define these relationships in an RPT-specific context.  

Role and Limitations of EBRT-Derived Reference Points 

Organ absorbed dose limits and safety thresholds derived from EBRT often function as de facto constraints 

on escalation decisions in RPT development, despite not being established for systemically administered 

RPTs. EBRT and RPTs differ fundamentally in radiation delivery, dose distribution, and treatment timing. 

EBRT is typically delivered through localized, fractionated doses over a defined and relatively short 

treatment period, whereas RPTs are administered systemically, often in discrete cycles, with radiation 

exposure distributed across tissues over time, based on target biology, targeting ligand properties, 

biodistribution, and radionuclide decay characteristics. 

EBRT-derived absorbed dose limits may therefore provide context but do not directly define RPT-specific 

exposure–toxicity. In early development, these reference ranges may serve as a conservative starting point 

for selecting initial administered activity levels. However, uncertainties in biodistribution, tissue 

microdistribution, radionuclide-specific radiobiology, and relative biological effectiveness, particularly for 

higher-RBE emitters, limit their direct translation to RPTs. The relationship between absorbed dose and 

biologic effect may depend not only on total energy deposited in a tissue or organ, but also on its microscale 

distribution, radionuclide-specific patterns of energy deposition, relative biological effectiveness, and 

heterogeneity of uptake within tumors and normal tissues. EBRT-derived thresholds should therefore be 

treated as contextual reference points rather than fixed escalation boundaries. 

When supported by a robust scientific rationale and appropriate safety monitoring, escalation beyond EBRT-

referenced ranges may be necessary to define RPT-specific exposure–toxicity and exposure–response 

relationships. Generating empirical data across a range of administered activity levels—including levels 

beyond traditional reference points—is necessary to characterize RPT-specific therapeutic index and 

support evidence-based dosage optimization. Biologically informed, dosimetry-informed, or biodistribution-

informed escalation strategies may also be appropriate when supported by a clear scientific rationale. 

From Reference-Based to Evidence-Based Decision-Making 

As illustrated in Figure 2, RPT development progresses from early-stage decisions contextualized by EBRT-

derived reference points toward dosage strategies increasingly guided by RPT-specific evidence. As 

evidence accumulates, escalation and dosage optimization should be informed by observed relationships 

among administered activity, absorbed dose, and clinical outcomes. 

Key elements of this transition include: 

• Characterizing exposure–response relationships: Linking administered activity and tumor 

radiation exposure to measures of clinical benefit  

• Characterizing exposure–toxicity relationships: Evaluating how radiation exposure to normal 

tissues relates to acute, cumulative, and delayed toxicity  

• Integrating multiple data sources: Combining dosimetry, imaging, clinical outcomes, laboratory 

measures, and PK information to guide interpretation  

• Evaluating variability across patients: Understanding how differences in biodistribution, targeting, 

tissue-level distribution, and patient factors influence efficacy and safety  
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Administered activity escalation plays a central role in supporting this evidence generation. Evaluating 

multiple administered activity levels and treatment cycles across patients is necessary to characterize  

therapeutic effect and safety, with a focus on characterizing and managing risks that are not yet fully 

defined. As with other oncology therapies associated with cumulative or delayed toxicities, this requires 

balancing evidence generation with adequate safety monitoring throughout development. This approach 

reflects established oncology drug development principles, in which escalation decisions are informed by 

acute toxicity signals while cumulative and longer-term clinical safety data are evaluated in parallel as 

evidence accrues. 

 

Figure 2. Conceptual Framework for EBRT-Referenced Initiation and Progressive Transition to RPT-Specific 

Dosage Optimization 

EBRT-derived reference points are expected to remain an anchor for starting dose selection in RPT development. As 
RPT-specific data accumulate, dosage decisions should transition from EBRT-anchored assumptions toward 
evidence-based optimization informed by observed relationships among administered activity, dosimetry, safety, and 
therapeutic activity. In this framework, EBRTs provide context for starting dose selection but do not define subsequent 
escalation boundaries. 

While prospective data generation during escalation is essential, existing data and prior clinical experience 

with RPTs can provide important insights into biodistribution, dosimetry, toxicity patterns, and therapeutic 

activity. These data can inform early development and help identify priority areas for further investigation. 

However, historical dosage strategies should not be treated as default standards without robust evidence 

integrating exposure measurements with clinical outcomes. Clinically successful RPTs such as 177Lu-

DOTATATE and 177Lu-PSMA-617 generated important safety and efficacy experience and established the 

clinical value of modern RPTs.3,4 However, these programs were developed before current expectations for 

prospective dosage optimization were fully established and did not consistently characterize relationships 

among administered activity, absorbed dose, toxicity, and clinical activity using the evidentiary approaches 

now expected to support RPT dosage optimization. As RPT development strategies and regulatory 

expectations continue to evolve, these experiences should be viewed as an important clinical and scientific 

foundation, but not as a complete evidentiary model for future RPT development. 

Robust datasets integrating administered activity, absorbed dose, toxicity, and response remain limited, and 

development approaches have not consistently generated the evidence needed to define exposure–

response and exposure–toxicity relationships prospectively. This remains true even for the most mature 

and clinically established RPT programs, where substantial clinical experience exists, but integrated 

prospective characterization remains limited because of how these agents were developed. As a result, the 
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degree of prior clinical experience with an agent should not be assumed to reflect equivalent maturity in 

dosage optimization evidence. 

Achieving RPT-specific dosage optimization therefore requires more systematic use of existing evidence 

and continued prospective data generation. Improved characterization of relationships among administered 

activity, absorbed dose, toxicity, and response—as well as integration of imaging, dosimetry, and clinical 

outcomes—will be critical to defining optimal dosage strategies. This includes not only characterization of 

toxicity incidence, but also its timing, duration, reversibility, and relationship to cumulative radiation 

exposure. Because dosage encompasses administered activity, interval, and number of administrations, 

optimization should also consider how treatment timing, number of cycles, and overall duration influence 

therapeutic index. 

Taken together, this approach positions administered activity escalation not only as a mechanism for 

identifying tolerable administered activity levels, but as a central tool for generating the evidence needed to 

define RPT-specific exposure–outcome relationships and support evidence-based dosage optimization. 

Clinical Context and Patient Population Considerations for Escalation 

Escalation strategies should be interpreted within the clinical context, including disease stage, expected 

survival, availability of alternative therapies, prior treatments, organ function, and tolerance for potential 

long-term toxicity. As with other anticancer therapies, therapeutic benefit and toxicity may emerge over 

extended periods, and benefit–risk considerations must be evaluated accordingly. 

Early escalation studies are often conducted in patient populations with advanced or refractory disease, 

where limited therapeutic options and disease severity may support a higher tolerance for uncertainty. In 

certain settings, such as when target expression is reduced in later-stage disease, initial evaluation in 

earlier-line populations may be scientifically justified, provided that dose escalation is supported by 

appropriate safety monitoring and a clear biological rationale. 

As development progresses, evidence from escalation, including clinical safety, dosimetry, imaging, and 

early therapeutic activity, can support expansion into broader advanced-disease populations and, ultimately, 

earlier disease settings. Dosage escalation and optimization decisions in additional populations should be 

grounded in a contextual benefit–risk assessment considering disease severity, available therapies, 

expected survival, organ reserve, prior treatment exposure, and patient-specific factors (Table 3). 

Table 3. Evolution of Evidence Generation and Benefit–Risk Considerations Across RPT 

Development Contexts 

Development 
Context 

Benefit–Risk 
Context 

Development Focus and Evidence 
Generation 

How Evidence Informs 
Subsequent 
Development 

Late-line / 
refractory 
disease 

Higher tolerance for 
uncertainty and 
delayed toxicity; 
limited treatment 
options; limited 
survival may 
outweigh risk of 

Initial escalation may reference 
historical radiation experience as 
contextual background; however, 
escalation is expected to extend 
beyond EBRT-derived ranges as 
needed to characterize administered 
activity, biodistribution, and 

Establishes an initial 
benefit–risk profile and 
informs early dosage 
optimization, providing a 
foundation for further 
refinement and expansion 
into broader advanced-
disease populations. 
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long-term delayed 
toxicity 

preliminary exposure–toxicity and 
exposure–response relationships. 

Expansion 
and dosage 
refinement in 
broader 
advanced- 
disease 
populations 

Moderate tolerance 
for uncertainty; 
increasing emphasis 
on dosage selection 
and cumulative 
toxicity 

Clinical development focuses on 
refining dosage, including 
administered activity, number of 
administrations, and interval, while 
strengthening understanding of 
exposure–outcome relationships 
and cumulative or long-term toxicity 
patterns. 

Informs dosage selection 
for future development in 
populations with longer 
expected survival. 

 

 

 

Earlier-line or 
longer-
survival 
populations 

Lower tolerance for 
long-term toxicity; 
greater availability of 
alternative therapies 

Development focuses on confirming 
benefit–risk of selected dosages in 
populations with longer life 
expectancy, supported by more 
mature exposure–outcome 
evidence and longer-term safety 
follow-up. Dosage parameters may 
require further optimization from 
those established for late-line 
populations. 

Supports optimization of 
dosage strategies for 
broader clinical use and 
informs potential 
expansion of RPTs into 
earlier disease settings. 

Importantly, dosages optimized in late-line settings may not represent the optimal dosage for earlier lines 

of therapy. Patients treated earlier in the disease course often have different clinical characteristics, 

including improved functional status, greater bone marrow reserve, and fewer cumulative toxicities from 

prior therapies. These differences may influence both tolerability and therapeutic benefit. 

In some cases, patients treated in earlier-lines may benefit from lower administered activities, fewer 

administrations, or longer intervals to minimize long-term toxicity risks. In other cases, improved organ 

reserve may permit exploration of higher administered activities or different dosage strategies that could 

improve therapeutic outcomes. Dosage selection may differ when RPTs are administered in combination 

with other anticancer agents, where sequencing, overlapping toxicities, pharmacologic interactions, and 

treatment sequencing considerations may influence both safety and efficacy. 

While later-line treatment settings represent an appropriate context for initial exploration, they may be 

insufficient to fully characterize longer-term toxicity. Limited survival and prior treatment exposures can 

complicate interpretation of delayed effects. Development strategies should incorporate continued follow-

up and progressive evidence generation to better understand cumulative and time-dependent toxicities, 

including potential renal effects, prolonged bone marrow suppression, and secondary malignancies. 

Prior exposure to radiation-based therapies also warrants consideration. However, available evidence does 

not support a consistent or predictable interaction between prior EBRT and subsequent RPT exposure, and 

prior EBRT should not routinely restrict eligibility for escalation studies. The impact of prior RPT is less well 

characterized and may warrant patient exclusion only during the earliest stages of initial escalation when 

uncertainty is greatest. Beyond this initial setting, prior RPT exposure should generally not be presumed 

exclusionary unless emerging clinical, dosimetry, or safety data indicate otherwise. Retreatment or 

rechallenge decisions should consider cumulative organ exposure, prior toxicity and recovery, and whether 

sequential RPTs share target organs or toxicity profiles. In all cases, organ function and overall clinical 
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status should remain the primary basis for eligibility, rather than reliance on estimated prior radiation 

exposure alone. 

Available clinical data support this approach. Retrospective analyses have not demonstrated a consistent 

relationship between prior RPT exposure and increased hematologic toxicity. For example, in patients 

receiving 177Lu-PSMA-617 following prior 223Ra therapy, no significant differences in hematologic toxicity 

were observed compared to those without prior RPT exposure.5 These findings suggest that prior radiation 

exposure alone may not be a reliable predictor of toxicity risk and reinforce the importance of evaluating 

patients based on underlying clinical characteristics and observed safety data. 

Operational Framework for Escalation and Safety Monitoring 

Escalation of administered activity during RPT development is expected to occur before key dosage–

response, dosimetry–response, and exposure–toxicity relationships are fully understood, in part because 

clinically relevant safety observations may be delayed. Developers must therefore make escalation 

decisions while integrating multiple sources of emerging evidence, including clinical safety observations, 

dosimetry findings, imaging data, PK parameters, relevant biomarkers, and early signs of therapeutic 

activity. Development programs must balance the need for efficient escalation with the need to characterize 

safety across repeated administrations and extended follow-up periods. This challenge is consistent with 

broader oncology drug development but may be particularly important for RPTs because of repeated 

radiation exposure and organ-specific absorbed dose considerations. 

This section translates these considerations into four operational components in RPT development: (1) 

characterization of toxicity over time, (2) integration of evidence to support escalation decisions, (3) 

governance structures to enable safe and efficient implementation, and (4) structured evidence generation 

to support escalation and dosage optimization. 

These considerations are consistent with oncology drug development paradigms, in which escalation 

decisions are guided by short-term DLT assessments while incorporating the totality of emerging safety and 

clinical data over time. In RPTs, particular attention may be needed to characterize cumulative and time-

dependent toxicities, given the potential for repeated administrations and organ-specific radiation exposure. 

Delayed and Time-Dependent Toxicity in RPT Development 

As with other anticancer therapies, RPTs may also produce acute or early toxicities detectable within the 

first treatment cycle. The timing, severity, and reversibility of toxicity can vary across agents depending on 

radionuclide characteristics, biodistribution patterns, target biology, and patient-level factors. For example, 

acute or early hematologic toxicities, such as transient bone marrow suppression, may be detectable within 

the first treatment cycle and may resolve between administrations. 

In contrast, other clinically important toxicities may emerge only after several administrations or extended 

follow-up and may reflect cumulative radiation exposure, time since initial exposure, or both. For example, 

renal dysfunction, prolonged or incomplete bone marrow recovery, and secondary malignancies may not be 

fully captured within traditional DLT assessment periods. Analyses evaluating relationships among 

administered activity, absorbed dose, time, and cumulative radiation exposure may help interpret these 

patterns, although attribution may remain uncertain in early development. As with conventional oncology 

drug development, uncertainty regarding the exposure driver of toxicity should be addressed through 

prospective data generation across dose levels and treatment schedules. In the absence of clinically 
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meaningful toxicity signals, this uncertainty should not preclude continued evidence generation to define 

exposure–toxicity relationships. 

Interpreting toxicity signals in early RPT studies may also be complicated by prior therapies. Many patients 

enrolled in early-phase studies have received multiple prior anticancer treatments, and toxicities from these 

therapies may emerge months or years after exposure. Attribution of observed toxicities should therefore 

consider prior treatment history, disease progression, and competing clinical risks. 

Very long toxicity observation periods may be operationally impractical during dose escalation studies and 

may extend beyond the expected survival of many patients with advanced malignancies. Escalation 

decisions should therefore be made after completion of the protocol-defined DLT assessment period for a 

given administered activity level, while incorporating available safety data, including multi-cycle 

observations from earlier cohorts. Cumulative and delayed toxicities should be evaluated longitudinally and 

incorporated into ongoing dosage optimization as evidence accrues, without requiring escalation decisions 

to wait for long-term outcomes that cannot realistically inform real-time clinical decision-making. 

In practice, this can be supported through periodic safety reviews, such as dose escalation committees or 

safety monitoring meetings, that evaluate emerging data and long-term follow-up across cohorts without 

unnecessarily delaying escalation timelines. 

Operational Implications for Escalation  

These considerations reinforce established oncology practices while highlighting areas of particular 

importance in RPT development: 

• Toxicity signals may emerge across treatment cycles, reinforcing the importance of longitudinal 

safety evaluation alongside standard DLT assessment.  

• Safety interpretation should incorporate trajectories of organ function or hematologic recovery, 

rather than relying solely on binary toxicity thresholds or proximity to historical EBRT-derived limits. 

For example, progressive worsening in renal function, delayed marrow recovery, or persistent low-

grade abnormalities may indicate that a toxicity threshold is being approached and should inform 

escalation decisions, regardless of whether historical EBRT-derived thresholds have been reached or 

protocol-specified DLT criteria met.  

• Prior therapies and disease progression may complicate attribution of toxicity signals in early-phase 

trials.  

• Safety monitoring should be risk-based and tailored to the biodistribution profile of the specific RPT, 

informed by preclinical data, early imaging, and dosimetry findings.  

Totality-of-Evidence Framework for Escala7on Decisions 

Escalation decisions in RPT development should be guided by a structured totality-of-evidence framework 

that integrates emerging safety data, multi-cycle observations, dosimetry, imaging, PK/PD, biomarkers, and 

early evidence of therapeutic activity. This approach should remain grounded in established clinical 

pharmacology principles while accounting for RPT-specific considerations, including radiation exposure, 

biodistribution, absorbed dose, and cumulative or time-dependent toxicity. Escalation should generally 

proceed after completion of the protocol-defined DLT assessment period for a given administered activity 

level, with available safety data from earlier cohorts incorporated into decision-making. 
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Dosimetric analysis provides important context for understanding radiation distribution across tumors and 

normal tissues; however, absorbed dose estimates alone cannot function as deterministic rules for 

escalation. Patient-level exposure variability, biological sensitivity, radionuclide characteristics, and clinical 

context all influence toxicity risk and therapeutic effect. At the time of escalation, the absorbed dose–

toxicity relationship for a given RPT may be incompletely characterized, reflecting the agent-specific 

biodistribution and uncertainty regarding tissue-level radiation effects. 

Escalation decisions should integrate multiple data domains through structured review processes, 

supported by predefined criteria for incorporating emerging safety, exposure, and activity data.  

Relevant data domains include: 

• Clinical safety observations, including DLTs from the current administered activity level and all 

available safety data—such as multi-cycle toxicity—from earlier cohorts 

• PK/pharmacodynamics (PD), systemic exposure, and safety biomarkers, including functional organ 

assessments and measures that may inform biodistribution, clearance, emerging toxicity, or 

treatment effect. 

• Dosimetry and radiation exposure patterns (as available) 

• Imaging findings reflecting biodistribution and treatment response 

• Biomarker evidence of response or biological activity, including tumor- or target-associated 

biomarkers, where relevant 

• Emerging clinical signals of therapeutic activity, including symptomatic improvement, functional 

status, or other early evidence of benefit 

Where appropriate, model-informed approaches, such as exposure–response analyses or time-to-event 

toxicity models, may support interpretation of emerging data and inform escalation or dosage modification 

decisions. Integration of safety signals with early evidence of therapeutic activity is also important for 

distinguishing between insufficient dosing and lack of biological activity. 

Safety Monitoring and Escalation Governance 

Operationalizing a totality-of-evidence approach requires safety monitoring and governance processes that 

integrate early toxicity signals with cumulative safety, exposure, and clinical outcome data across treatment 

cycles. Layered monitoring strategies can combine standard DLT-based escalation rules with scheduled 

safety reviews, interim analyses, or protocol-defined checkpoints to evaluate longitudinal safety data 

without unnecessarily delaying escalation. Because toxicity patterns, uncertainty, and evidentiary needs 

may differ across RPT programs, governance processes should be tailored to the investigational agent 

rather than following a single prescribed escalation model. Table 4 summarizes operational elements that 

may support layered safety monitoring and escalation governance in RPT clinical trials. 

Table 4. Operational Elements Supporting Layered Safety Monitoring and Escalation Governance 

in RPT Clinical Trials 

Operational 
Domain 

Example Implementation Approaches 
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Layered safety 
monitoring 

Combine short-term DLT monitoring with predefined evaluation periods assessing 
toxicity across treatment cycles and cumulative administered activity, as well as 
longer-term follow-up to characterize delayed toxicities. 

Adaptive 
escalation 
designs 

Use escalation approaches that allow ongoing incorporation of emerging safety 
data beyond the initial DLT observation period while maintaining trial efficiency. 

This may include adaptive or time-to-event designs (e.g., continual reassessment 
method or Bayesian optimal interval designs), or conventional escalation 
approaches paired with continuous safety monitoring rules that prospectively 
evaluate whether cumulative or delayed toxicities remain consistent with the target 
toxicity rate defined by the primary escalation framework. 

Evaluation of 
cumulative 
exposure 

Periodically review toxicity rates relative to cumulative administered activity and 
longitudinal safety trajectories rather than relying solely on assigned administered 
activity level. 

Integration of PK 
and dosimetry 

Pair PK characterization with dosimetry assessments to better understand 
biodistribution, clearance, and inter-patient variability in radiation delivery. 

Organ-specific 
monitoring 
strategies 

Tailor safety monitoring to expected organ exposure profiles based on preclinical 
studies, modeled dosimetry, early imaging, and emerging clinical observations. 

Imaging-
informed safety 
monitoring 

Use serial imaging to assess biodistribution, confirm expected target localization, 
and identify unexpected radiation exposure to normal tissues during therapy. 

Theranostic 
integration 

For theranostic approaches, diagnostic imaging performed prior to treatment may 
inform patient selection, expected biodistribution patterns, and safety monitoring 
priorities. 

Dosage 
optimization 
considerations 

Evaluate escalation not only in administered activity but also dosage parameters 
such as cycle length, frequency of administration, or cumulative activity delivered 
across cycles. 

Escalation 
governance 
mechanisms 

Implement predefined escalation, de-escalation, and stopping rules within study 
protocols that allow emerging safety data from later cycles, cumulative exposure, or 
expanded cohorts to inform ongoing administered activity or dosage decisions.  

For example, trial governance may pair a primary escalation framework with 
protocol-defined review rules that apply observed toxicity rates from later cycles as 
triggers for cohort expansion, de-escalation, dosage modification, or stopping. 

Abbreviations: DLT, Dose-limiting toxicity; PK, pharmacokinetics 

Structured Evidence Generation to Support Escalation and Optimization 

To operationalize totality-of-evidence decision-making during RPT development, sponsors should 

prospectively generate and evaluate data throughout development, aligning data collection, analysis, and 

decision-making with predefined questions that link administered activity, radiation exposure, safety, and 

clinical outcomes.  

A structured evidence framework can support this process by organizing key evidence alongside specific 

questions that directly inform escalation and dosage optimization decisions. Appendix 1 provides a 

practical example of such a framework, structured around key areas including initial escalation context, 
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emerging safety signals, cumulative safety assessment, dosimetry and exposure characterization, and 

integration of clinical and biological data.  

In addition to conventional reporting of adverse events by administered activity level, data collection and 

analysis should capture the timing, duration, and reversibility of toxicity in relation to cumulative 

administered activity. For example, hematologic toxicities such as thrombocytopenia or anemia may occur 

across treatment cycles but differ in clinical significance depending on whether they are transient and 

recover between cycles or reflect cumulative, non-recoverable bone marrow suppression. Similarly, organ-

specific toxicities, such as renal effects, may emerge gradually with increasing cumulative exposure rather 

than within early treatment cycles. Because relationships between absorbed dose and toxicity require 

prospective characterization, protocols may also incorporate exploratory biomarkers of delayed organ 

toxicity and prospective biospecimen collection, where feasible, to support future biomarker validation and 

inform safety monitoring. 

More informative approaches may include linking adverse event onset to cumulative administered activity, 

reporting the duration, reversibility, and recovery of toxicities, and evaluating when toxicities arise across 

treatment cycles (e.g., early- vs. late-cycle onset). Whenever summary safety data are reported publicly, 

these same details should also be reported to support clinically meaningful interpretation and cross-study 

comparison. It is important that sponsors, academic investigators, and collaborative consortia publish and 

release these data at this level of specificity, linking adverse event onset, duration, reversibility, and cycle 

timing to cumulative administered activity, rather than reporting summary incidence alone. Because RPT-

specific exposure–outcome relationships remain sparsely characterized, the collective body of evidence 

assembled across academia and industry will allow the entire field to better inform escalation and dosage 

optimization decisions with greater confidence than any single program can achieve in isolation. Granular, 

transparent reporting therefore should not only serve as an internal asset for sponsor organizations, but 

also as a shared resource that can accelerate dosage optimization across RPT development. 

Near-Term Recommendations and Future Directions 

Advancing RPT dosage optimization will require practical approaches that build on established principles 

of oncology drug development while accounting for the distinct scientific and operational considerations of 

systemically administered radiopharmaceuticals. Near-term progress should focus on establishing shared 

expectations for administered activity escalation, evidence generation, and decision-making that can 

support more consistent development across RPT programs while allowing flexibility for different 

radionuclides, targeting platforms, and patient populations. Focus areas for near-term recommendations 

include: 

• Establish shared principles for administered activity escalation in RPT development, including 

how escalation decisions should incorporate DLT assessment, emerging multi-cycle safety data, and 

longitudinal monitoring strategies that account for cumulative and delayed toxicity. 

• Advance totality-of-evidence decision-making by prospectively defining the evidence and key 

questions used to integrate clinical safety observations, dosimetry, imaging, PK/PD parameters, 

relevant biomarkers, and early signals of therapeutic activity into administered activity escalation 

and dosage optimization decisions.  
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• Harmonize prospective evidence generation to characterize exposure–response and exposure–

toxicity relationships, including consistent collection and public reporting of dosimetry, imaging, 

longitudinal safety data, and toxicity timing, duration, reversibility, and recovery.  

• Support iterative refinement of RPT-specific dosage optimization frameworks by using 

accumulated clinical, dosimetry, and biological evidence to reduce reliance on historical EBRT-

derived reference ranges and inform future development strategies across different radionuclides, 

targeting platforms, and patient populations. 

Together, these steps can help shift RPT development from inappropriate reliance on historical EBRT-

derived reference points toward evidence-based approaches tailored to the characteristics of each therapy. 

Prospectively generating and integrating RPT-specific evidence can support more informed administered 

activity escalation decisions, strengthen the basis for dosage selection, and enable continued refinement 

of dosage optimization strategies as evidence accumulates across development. Over time, this approach 

can help establish a stronger empirical foundation for RPT dosage optimization and better align safety, 

therapeutic activity, and patient benefit. 
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Appendix 1 

Appendix Table. Structured Evidence Framework to Support Escalation and Progressive 

Establishment of RPT-Specific Dosage Optimization 

Key Area of 
Consideration 

Supporting Evidence and Key Questions 

Initial Escalation 
Planning and 
Safety Context 

• What clinical context informs escalation decisions, including disease stage, line 
of therapy, and availability of alternative treatments?  

• What information guided selection of the starting administered activity and 
escalation range? 

• How were EBRT-derived reference limits used to contextualize initial safety 
expectations?  

• What uncertainties exist regarding the relationship between administered activity 
and clinical risk at early dose levels? 

Emerging Clinical 
Safety Signals 

• What toxicities are observed across administered activity levels?  

• Are there patterns in timing, severity, reversibility, or organ specificity that inform 
escalation decisions?  

• Do emerging safety findings support continued escalation, cohort expansion, or 
dosage modification? 

Longitudinal and 
Cumulative Safety 
Assessment 

• How do safety findings evolve across treatment cycles and follow-up? 

• Are toxicities evident after several cycles or repeated administrations that 
influence escalation or dosage decisions? 

• Are there patterns in recovery or incomplete recovery of organ function across 
cycles? 

• Is additional follow-up needed to adequately characterize safety at higher 
administered activities or cumulative exposure levels? 

Dosimetry and 
Exposure 
Characterization 

• What relationships are observed between administered activity and absorbed 
dose across organs and tumors?  

• How variable are exposure patterns within and across patients?  

• How do dosimetry findings help interpret observed safety and therapeutic 
outcomes?  

• What additional exposure data would improve understanding of exposure–
outcome relationships? 

Integration of 
Clinical, 
Dosimetry, and 
Biological Data 

• What is the relationship between clinical safety, dosimetry, imaging findings, and 
therapeutic and administered activity levels? 

• Are emerging patterns sufficient to support escalation, or are additional data 
needed? 

• What biomarkers, pharmacokinetic measurements, or imaging markers may help 
detect early biological signals of toxicity or therapeutic activity? 

• What uncertainties remain in understanding how administered activity translates 
into clinical effect? 
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Escalation and 
Dosage 
Refinement 
Decisions 

• Do available clinical and exposure data support escalation beyond previously 
explored administered activity levels?  

• Would modification of dosage parameters improve safety or therapeutic effect, 
including administered activity per cycle, number of cycles, dose interval, or 
cumulative activity? 

• For ligand-targeted RPTs, should additional parameters such as ligand dose be 
optimized? 

• Are there emerging safety signals or markers that could inform on the likelihood 
of long-term toxicities? 

• What additional data are needed to support confident dosage selection? 

Evidence 
Generation to 
Support RPT-
Specific Dosage 
Optimization 

• What additional data collection, follow-up, or analyses are needed to better define 
therapy-specific safety and therapeutic relationships?  

• How can ongoing and future studies be designed to strengthen the empirical 
basis for escalation and dosage optimization decisions?  

• How will emerging data inform progressively less reliance on EBRT-derived 
reference limits? 

 


