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ABSTRACT

In 2021, the FDA initiated Project Optimus to reform dose optimization and selection in early-phase oncology, highlighting that
doses and schedules of new therapies are often inadequately characterized and that traditional dose-finding approaches should
be revised. The project also encourages early and comprehensive exploration of multiple doses during clinical development and
advocates for a more patient-centered approach incorporating not only toxicity but also the individual’s response, biomarkers,
pharmacokinetics/pharmacodynamics, or patient-reported outcomes to inform dosage decisions. We conducted a scoping review
of the statistical and methodological literature on early-phase oncology trial designs in light of Project Optimus. The review aims
to determine which key elements of the Optimus guidelines are incorporated into existing early-phase trial design methodologies
and to assess remaining methodological gaps. It also aims to address the following question: What progress has been achieved so
far, and what improvements can be made in light of the directives from Project Optimus? The review was organized according
to the PRISMA-ScR guidelines. A total of 160 journals were finally retained, with 722 papers considered for the scoping review,
published between January 1990 and September 2025. The database containing the reviewed papers is made available to the reader.

1 | Introduction

Early-phase clinical trials in oncology have traditionally focused
on determining the maximum tolerated dose (MTD) of a new
therapeutic agent [1]. This approach emerged from a historical
focus on cytotoxic chemotherapy, where the primary objective of
early-phase trials was to escalate doses systematically until intol-
erable toxicities, defined as dose limiting toxicities (DLTs), were
observed in a predetermined percentage of patients. The MTD
was then transferred to subsequent phases to evaluate efficacy
[2]. The traditional 3 + 3 dose-escalation design, along with the
adaptive model-based and model-assisted designs, became the
gold standard in this context [3-5]. However, in recent years,
the development of cancer drugs has undergone a paradigm

shift. The rise of targeted therapies, immunotherapies, and per-
sonalized medicine has transformed the objectives of early-phase
trials. These novel agents may not rely on the principle that “more
is better” [6]. In this context, the identification of an optimal dose
(OD) that optimizes the risk—benefit trade—off of the drug or
provides the desired therapeutic effect while minimizing toxic-
ity has been further advocated. Project Optimus, an innovative
initiative launched by the Oncology Center of Excellence of the
US Food and Drug Administration [7], aims at reforming tradi-
tional approaches to dose optimization and selection in the devel-
opment of cancer therapies. In 2024, in a guidance for industry
[8], the project encourages incorporating individual responses,
biomarkers, pharmacokinetics (PK), and pharmacodynamics
(PD) to better inform dosage decisions and support early
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exploration of multiple doses. This shift requires a collaborative
effort between pharmaceutical companies, regulatory agencies,
and the broader scientific community to adopt new trial designs,
invest in biomarker research, and embrace innovative statistical
models for data analysis. In response to the Project Optimus ini-
tiative, many authors have recently published perspective articles
and reviews discussing its implications for early-phase oncol-
ogy drug development. Samineni et al. [9] conducted a survey
to evaluate current industry practices for oncology dose selec-
tion. Bhamidipati et al. [10] reviewed industry-sponsored Phase
I clinical trial protocols published between 2021 and 2024 to ana-
lyze dose-finding designs and dose-optimization strategies. Gao
et al. [11] and Thall et al. [12] highlighted key challenges asso-
ciated with improved dose optimization in oncology drug devel-
opment. Dejardin et al. [13] and Liu et al. [14] discussed statisti-
cal design options for dose optimization in oncology clinical tri-
als from an industry perspective and illustrated their application
through applied trial examples. Lu et al. [15] and Andrillon et al.
[16] proposed phase I/II designs integrating PK to optimize the
dosing regimen. Finally, Zhang et al. [17], Yuan et al. [18], and
Zang et al. [19] reviewed selected Phase I-1I dose-optimization
designs aimed at identifying an optimal biological dose (OBD)
rather than the maximum tolerated dose. Although these contri-
butions highlight key aspects of Project Optimus, a comprehen-
sive synthesis covering its full scope is still missing. This scoping
review aims to provide a structured and objective mapping of the
existing methodological literature on the design of early-phase
oncology clinical trials in the context of Project Optimus. Our
objective is to assess how the key principles of Project Optimus
have been considered in the methodological literature and to
identify the gaps that remain in existing dose-finding designs:
what progress has been achieved so far in dose-finding, and what
further methodological developments are needed in light of the
Optimus recommendations? This work does not review clinical
trials, but rather focuses on methodological literature and statis-
tical tools relevant to dose-finding and dose-optimization designs.
It is deliberately framed as a scoping review and adopts a neutral
and objective perspective. It does not aim to rank methodologies
or to recommend any particular design, since the appropriate-
ness of a given approach depends on multiple factors, including
the clinical setting, trial objectives, operational constraints, and
available endpoints. By mapping the existing methods, we aim to
assess whether the current methodological tools are sufficient to
address the challenges raised by Project Optimus and to highlight
areas where additional methodological development is required.

2 | Project Optimus

Based on the recommendations and considerations outlined in
the Project Optimus documents [20, 21], we identified four
overarching principles: (i) dose optimization should integrate
safety and tolerability, including lower-grade and late-onset
adverse events, antitumour activity, biomarkers, and dose-
and exposure-response relationships; (ii) optimization may
extend beyond the dose level itself, taking into account fac-
tors such as dosing schedules, treatment combinations, and het-
erogeneity across patient populations; (iii) whenever appropri-
ate, two or more candidate doses should be formally compared,
preferably within randomized trials; and (iv) dose optimisa-
tion should be addressed early in clinical development through

interdisciplinary interactions and timely discussions with reg-
ulatory authorities. These key principles are consistent with
the FDA guidance [8], which translates them into five more
operational areas. First, clinical pharmacokinetics, pharmacody-
namics, and pharmacogenomics should be assessed throughout
development to characterize dose— and exposure-response rela-
tionships and identify clinically relevant sources of variability,
including patient heterogeneity that can be addressed by integrat-
ing relevant covariates to identify differences across subpopula-
tions. These analyses should be considered along with safety, tol-
erability, activity, and efficacy to guide dosage selection. Second,
trial designs comparing multiple dosages should be considered
to support the selection of an optimized dosage, with random-
ized parallel-arm comparisons recommended whenever appro-
priate, possibly complemented by backfill cohorts to strengthen
activity and safety assessment and by adaptive stopping of dosage
arms. Third, safety and tolerability should be evaluated com-
prehensively across dosages, including persistent lower-grade
toxicities and late-onset toxicities, dose interruptions, reduc-
tions, discontinuations, and patient-reported outcomes (PROS).
Tolerability may further be improved by adjusting the dosing
schedule, for instance through intra-patient dose escalation.
Fourth, drug-formulation considerations should ensure that the
selected dosages can be practically evaluated and administered,
for example through the availability of suitable dose strengths.
Fifth, the appropriateness of the selected dosage should be recon-
sidered for subsequent indications and uses, particularly when
differences in disease setting, patient population, treatment con-
text, or concomitant therapies may affect the benefit-risk profile.
Quantitative approaches, such as mechanistic (e.g., PBPK and
QSP models) and semi-mechanistic modeling, can also be used
to support dosage selection.

In this review, we focus on the methodological and trial-design
implications of these recommendations, that is, on the key mes-
sages except the fourth, and on the related FDA guidance points,
as they can be directly examined through the methodological
characteristics of the identified designs. Discussions with regu-
latory agencies and practical considerations related to changes in
the route of administration fall outside the scope of this work.

3 | Methodology of the Scoping Review

Since we focus on methodological literature and statistical tools,
we performed a two-stage search. In the first stage, we identi-
fied statistical journals relevant to this field and added known
medical journals that publish methodological papers. The selec-
tion of journals used in this review is described in Supplemen-
tary Material S1. Then, once the journals had been selected, we
conducted a classical scoping review to extract relevant articles
indexed in PubMed and Scopus published between January 1990
and September 2025. We considered as eligible all articles describ-
ing dose-finding designs applicable to oncology drug develop-
ment, and reporting statistical methodology. Application papers,
which apply existing designs without introducing new method-
ology, were excluded. Dose-ranging methods were also excluded,
as the objective was to focus primarily on methodological designs
used in the earliest stages of oncology drug development, par-
ticularly first-in-human studies including dose-escalation set-
tings. Additional details on the paper selection are provided in
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Supplementary Material S1. A protocol was developed prior to the
review but was not registered or published; it is available in Sup-
plementary Material S2, along with documented amendments.
Before initiating the data extraction process, we defined a set of
key features and corresponding items to assess each of the Opti-
mus dimensions presented in Section 2. The items of interest are
presented in Table 1 and were then systematically used to extract
the relevant information from each reviewed article. Despite the
systematic and structured approach used for endpoint extraction,
the classification of Optimus-related features may be subject to
residual misclassification.

4 | Results

From the SCOPUS search, a list of 335 journals was extracted in
total (cf. Table 1 from Supplementary Material S1). After inde-
pendent review by the authors, 154 journals were retained (see
“TRUE” in the second column of Table 1 of Supplementary Mate-
rial S1). In addition to the above, based on the authors’ knowl-
edge of the literature on dose-finding designs in oncology, some
methods were known to have been published in medical journals.
Therefore, six clinical journals known for publishing statistical
methods were included in the list of relevant journals (see Table 2
of Supplementary Material S1). In total, 160 journals were con-
sidered for this review (cf. Figure 1). From the 160 statistical and
medical journals identified, 1006 records were retrieved. Follow-
ing independent screening, duplicates, out-of-scope records (e.g.,
Phase II studies), and applications to clinical trials using existing
designs were excluded, resulting in 691 articles included in the
review. In addition, 31 records identified through reference lists
of included articles or through the authors’ knowledge, and origi-
nating from medical or pharmacokinetics journals not covered in
the main search, were assessed for eligibility and included. Over-
all, this process resulted in 722 articles considered to be within the
scope of the review (cf. Figure 1). The complete list of included
articles is provided in Supplementary Material S1. The database
containing the 722 reviewed articles is available here: Supple-
mentary Material S3.

4.1 | Methodology Contribution Over the Years
Figure 2 shows papers classified by their primary purpose (see
Table 1 for a detailed description of the different categories of
paper purpose). “New design” dominates at around 68% of the
total, highlighting how a significant majority of published work
focuses on proposing or refining methodological frameworks.
Subsequent categories, such as “Calibration” (7.5%), “Theo-
ry” (5.1%), and “Benchmark” (1.1%), underscore the broader
methodology that goes beyond the dose-finding design proposal
and addresses the optimization of existing methods. “Compar-
ison” (7.3%), “Review” (3.5%), “Guidelines” (2.9%), and “Com-
mentary” (2.5%) papers also reflect the research community’s
efforts to synthesize knowledge and evaluate methodological
approaches.

Figure 3 provides a comprehensive overview of the evolution in
published papers over the past few decades. It shows both the
annual number of publications and the cumulative total, high-
lighting the steady increase in research activity on dose-finding

designs. The yearly publication rate was relatively modest dur-
ing the 1990s, with only a few articles emerging each year. How-
ever, since the early 2000s, the number of publications has begun
to rise, reaching over 20 per year during the 2010s. Since 2017,
more than 40 papers have been published annually. Monother-
apy appears to have initially dominated the landscape in the
1990s, likely reflecting the then-prevalent approach of dose esca-
lation for single investigational agents. Monotherapy papers refer
to methods in which only one experimental drug is escalated,
whereas papers addressing more than one agent refer to com-
bination methods in which multiple agents may be escalated.
Over time, combination therapy began receiving increasing atten-
tion, particularly in the 2010s, when it became more evident
that complex biological pathways often require multi-agent reg-
imens. In particular, the cumulative total number of papers
shows a steeper increase in recent years, indicating growth in
both monotherapy- and combination-based designs. Figure 3 also
illustrates the evolution of design classes over time. Initially,
algorithm-based designs were developed, in which dose escala-
tion is empirically determined, including various versions of the
3+ 3 algorithm [22-26]. Algorithm-based methods represent less
than 10% of new design publications (cf. Figure 8B, for the dis-
tribution of design classes in dose-finding methodologies). Sub-
sequently, model-based approaches were introduced, explicitly
specifying assumptions on the dose—toxicity relationship (and/or
dose-efficacy relationship) to enable information sharing across
dose levels. These include different versions of the contin-
ual reassessment method (CRM) [27-32]. Model-based designs
clearly dominate the methodological literature, accounting for
more than 60% of all new design publications. Around 2010,
model-assisted or curve-free approaches emerged and have since
been the source of many publications in dose-finding, and from
2017 represent nearly 20% of new designs proposed. This category
includes interval-based designs such as the toxicity probability
interval design [33], the Bayesian Optimal Interval (BOIN) design
[34], and the Keyboard design [35]. The remaining designs shown
in Figure 8B, correspond to hybrid designs combining features
from at least three of the above categories (3.7%) and to a hetero-
geneous “Other” category (4.9%) grouping approaches that do not
fit within the algorithm-based, model-based, or model-assisted
classification. This includes semiparametric methods [36, 37],
Bayesian optimization (Gaussian process-based) designs [38, 39],
multi-armed bandit [40-42] and reinforcement learning designs
[43-45], and Bayesian stochastic approximation designs [46].

4.2 | Key Topics of the Optimus Project

Figure 4 provides an overview of published papers proposing
new designs or extensions of existing methodologies, catego-
rized according to the features extracted from Project Optimus.
In total, 491 such methods were identified. For each feature,
the number of papers addressing that feature is shown in the
horizontal bars on the right-hand side of the plot. The vertical
bars at the top represent the number of papers corresponding
to each combination of features, while the colored dots indi-
cate whether a given feature is covered by those papers. For
instance, we identified 105 methods dealing with toxicity only
(brown bar), and 52 focusing exclusively on toxicity and effi-
cacy endpoints, without considering any other design features
(first green bar). More broadly, 199 methods use both toxicity and
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TABLE1 |

List of features used to extract information from articles.

Endpoint

Categories

Comment

Main purpose

Toxicity endpoint

Multivariate toxicity

Late toxicities

PRO
Efficacy endpoint

Multivariate efficacy
Late efficacies

Activity endpoint

Multivariate activity
PK/PD modeling

Preclinical/Historical

Final decision criteria

Randomization

Comments
randomization

Schedules

Heterogeneity

Design type

Comments design type
Available tool

Comment tool

New design/Calibration/Theory/
Compari-
son/Review/Guidelines/Benchmark/
Programming tool/Commentary

Binary/Ordinal/Continuous/
Time-to-event/Quasi-binary/Quasi-
binary/continuous/No

Yes/No

Yes/No

Yes/No

Binary/Ordinal/Continuous/
Time-to-event/Binary and
continuous/Quasi-binary/continuous/
Longitudinal continuous/No

Yes/No
Yes/No

Binary/Ordinal/Continuous/
Time-to-event/No

Yes/No
Yes/No
Yes/No

MTD: Safety only/OBD:
Efficacy-driven/OBD: Utility/NA

Yes/No/vs. SoC

During/After escalation

Yes/No
Yes/No

Algorithm-based/Model-based/
Model-assisted or
Curve-free/Other/NA

Free text
Yes/No/Upon request/NA

Code/Rpackage/App/ Upon
request/NA

“New design”: novel dose-finding design or a methodological extension of an existing method,
that is, an escalation procedure evaluated as a design in its own right, including when its novelty
consists in adding one component (backfill, randomization, efficacy or activity endpoint, late
onset endpoints, borrowing of historical information, etc.) to an existing design. “Calibration”:
specification of design components (e.g., model parameters, prior distributions, stopping rules,
dose allocation rules, cohort or sample size) within a design that otherwise remains unchanged.
“Theory”: theoretical properties of existing designs (e.g., consistency, coherence, or convergence).
“Comparison”: studies evaluating the operating characteristics of existing methods usually
through simulations. “Review”: synthesis of the existing methodological literature. “Guidelines”:
methodological or practical recommendations for the design and conduct of dose-finding trials.
“Benchmark”: frameworks for evaluating the performance of dose-finding designs.
“Programming tool”: presentation of the development of new software, an application, or an R
package. “Commentary”: interpretation or critical discussion of an existing publication.

Type of toxicity endpoint. Combined categories (e.g., “Binary and continuous”) were used for
designs handling two outcome types jointly. “Time-to-event” was used when the design explicitly
models the distribution of the time to the event; designs that keep a binary endpoint weighted by

the observed follow-up time, such as the TITE family, were coded “Binary”.

“Yes” when the design accounts for several distinct types of toxicity, or when several toxicity
grades are aggregated into a single score. “No” when toxicity grades are used as such, without
aggregation; the information is then carried by the “Toxicity endpoint” item, coded “Ordinal”.

Handling of dose-limiting toxicities occurring outside of a short-term evaluation window, or
accounting for toxicity information at multiple treatment cycles for the dose selection.

Considering patient reported outcome for dose recommendation.

Type of efficacy endpoint or surrogate of efficacy when the estimation of the recommended dose
accounts for efficacy; otherwise “No”.

Incorporates multivariate patient efficacy information.
Handling of efficacy occurring outside of a short-term evaluation window.

Type of activity endpoint when the estimation of the optimal dose is based on a biological activity
endpoint or immunological marker; otherwise “No”. Pharmacokinetic quantities are captured by
the “PK/PD Modeling” item.

Incorporates multivariate patient activity information.
Incorporates pharmacokinetic and/or pharmacodynamic information for the dose selection.

Incorporates preclinical or historical information. This item describes the proposed design: if
historical data are used only to calibrate a simulation study, the design was not listed here. A
Bayesian design alone is not sufficient (even if it inherently allows prior information to be
incorporated); incorporation of external data must be explicitly stated in the article.

When only toxicity outcomes were used to guide dose selection, designs were classified as
“Safety-only”, corresponding to MTD-oriented approaches. Otherwise, for OBD oriented designs,
when both toxicity and efficacy/activity were used for the decision, we further categorized them

according to their decision rule: “Efficacy-driven” approaches in which dose selection is

primarily driven by the efficacy/activity endpoint under toxicity constraints, in most designs
through efficacy maximization, or “Utility” approaches based on an explicit trade-off between
several criteria, typically balancing toxicity and efficacy. “NA” was used for Guidelines,
Benchmark or Comparison papers.

Randomization of patients performed between several dosages. It differs from standard patient
allocation based on deterministic rules. “vs. SoC” was used when randomization is performed
against a standard-of-care arm rather than between dosages.

Patients can be either randomized from the start of the trial during dose escalation, or after a
dose-escalation stage to identify acceptable dosages, or both.

In addition to the dose level itself, can account for different schedules in the trial.
Allowing the inclusion of covariates in the modeling or determining a subgroup-specific
recommended dose.

Articles were classified into one of the three main categories or as approaches combining
multiple design classes (e.g., Model-based and Model-assisted). “Other” includes designs that do
not fall into any of the three main categories. “NA” is applicable for Commentary, Benchmark or
Programming tool papers.

Applicable only to “Other” design types.

Tools available to perform the design. “Yes” was used when the article points to material
obtainable without contacting the authors. “Upon request” when the material is announced as
available from the authors on request; an announcement in the future tense was coded “No”.
“NA” is applicable for Commentary, Review, Comparison, Theory or Guidelines papers.

Type of tool available when “Yes” was selected for “Available tool”.
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335 statistical journals
extracted from SCOPUS

181 journals removed:
- Out of scope
- Not in English

154 statistical journals selected
from SCOPUS extraction

6 medical journals
included based on

knowledge of literature

160 journals retained
for scoping review

!

FIGURE1 | Journal and article identification, screening, and selection workflow (literature search conducted from January 1990 to September
2025).

efficacy for dose recommendation, possibly alongside other fea-

New design _68'0% tures. Most papers address two to three key topics, whereas only a

Calibration .7.5% small number simultaneously cover a broader range of features.
— -7_3% Fifty-one papers are deYoted exclusive.:ly t.o late-onset toxici.tif:s,
49 papers proposed designs for combinations based on toxicity

WAy .5'1% endpoints only, and 25 papers handle toxicity while taking into
Review I3-5% account possible heterogeneity in dose determination through
Guidelines Iz,g% inclusion of covariates in the modeling or consideration of sub-

groups. The most frequent three-feature intersection (dark blue

Commentary  [J25% > . : :
ommentary bars) is toxicity plus efficacy and late-onset evaluation, found in

Programming tool I2. i 20 methods, followed by toxicity -efficacy and randomization (17
Benchmark |1 1% papers), toxicity —efficacy and combination designs (11 papers) or
toxicity—efficacy and heterogeneity (10 papers). To summarize,

0 100 200 300 400 500 . . .
Number of articles several key features emphasized by Project Optimus are already

well covered in the methodological literature. For instance, 199

FIGURE2 | Main purpose of the published articles. papers proposed incorporating efficacy endpoints (in addition to

60
5 -o= Total
Bhd % -- Monotherapy
- S -* More than one agent
(0] [
=40 =
< ® .
L 400 2 Design type
g % . Model-based
'E 3 . Model-assisted/Curve-free
2 e 200 Q . Algorithm-based
f,i . At least two types of design
o . Other
Benchmark or
0 0 Commentary paper

1990 1995 2000 2005 2010 2015 2020 2025
Year

FIGURE3 | Number of papers published over the years (from January 1990 to September 2025) according to design type. The primary y-axis (on
the left) denotes the number of papers published each year, while the secondary y-axis (on the right) tracks the cumulative number of articles over the
entire period.
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FIGURES5 | Optimus features over time, for “New design” papers.

a toxicity endpoint) into dose selection and 31 considered activ-
ity endpoints, reflecting the First and Second areas of the FDA
guidance, which recommend optimizing dosage beyond toxic-
ity alone. We identified 86 methodologies incorporating random-
ization, either during or after dose escalation, which may sup-
port more robust comparisons across dose levels and improve
dose optimization, in line with the Second area, on comparing
multiple dosages whenever appropriate. Methods for handling
late-onset toxicities are also well developed, with 132 publica-
tions addressing this issue, consistent with the Third area, on
comprehensively evaluating safety and tolerability. Still within
the scope of safety assessment, 89 methods considered more

-~ More one agent -@- Heterogeneity =@~ Activity

2010 2015 2020 2025

Year

External data

Schedules -e- PK/PD =-e- PRO

granular toxicity information than a simple binary DLT end-
point, including ordinal, continuous, or quasi-continuous out-
comes (cf. Section 4.3 for more details). In addition, 31 meth-
ods have been published to optimize not only the amount of the
drug but also the dosing schedule. Finally, 66 methods explic-
itly take into account heterogeneity in patient populations in
dose selection, as recommended in the First and Fifth areas
of the FDA guidance. However, other aspects of the guidance
remain comparatively less explored. In particular, only 23 meth-
ods incorporated PK information into the dose-finding process to
characterize dose— and exposure-response relationships, despite
this being a key component of the First area. Similarly, the
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integration of PROs into dose-decision processes, addressed in
the Third area, remains limited, with only 4 identified method-
ologies. Figure 5 provides a temporal overview of the key design
features highlighted by the Project Optimus. Most of these fea-
tures were already being explored in the literature well before the
FDA officially launched the Optimus initiative. As early as 2005,
topics such as the use of efficacy endpoints for dose selection, the
consideration of late-onset outcomes, and designs for combina-
tion agents began to emerge in the literature. Randomization in
dose-finding, heterogeneity, and evaluation of dosing schedules
have been studied for more than 10 years. However, the integra-
tion of PROs, external data sources, and PK/PD information into
the dose-finding process has only recently gained attention.

4.3 | Assessing Safety Only

Conventional Phase I trials traditionally prioritize toxicity to
determine the recommended dose and are usually based on a
binary toxicity endpoint, which is often defined as a grade 3 or
higher AE that occurs within the first treatment cycle accord-
ing to the Common Terminology Criteria for Adverse Events.
As illustrated in Figure 7, toxicity is modeled as a binary out-
come in over 80% of the reviewed articles. However, more granu-
lar toxicity endpoints can provide a more comprehensive assess-
ment of safety. Adverse events categorized into grades can be
used through ordinal outcomes [47-50]. Adverse events sub-
divided into organ or symptom categories can be summarized
using severity scores, including total toxicity burden (TTB), a
weighted sum of toxicity grades, and total toxicity profile (TTP),
defined as the Euclidean norm of toxicity weights [51-55]. Toxic-
ity counts can also be considered [56]. The choice of toxicity end-
point should balance clinical interpretability and statistical rele-
vance, as each option has its own advantages and limitations. In
line with this perspective, Project Optimus encourages the inclu-
sion of low-grade symptomatic toxicities in the safety evaluation
to better capture tolerability profiles of targeted agents.

Beyond selecting an appropriate toxicity endpoint, the duration
of the toxicity assessment window is a major component of
safety assessment. Accounting for late-onset toxicities is partic-
ularly important with targeted therapies and immunotherapies,
which are administered over longer periods compared to cyto-
toxic agents. In such settings, toxicity may occur after the first
cycle of treatment, making traditional early toxicity assessment
inadequate. Several Phase I designs have thus been proposed for
delayed toxicity outcomes. A first approach is to allow for con-
tinuous accrual and real-time dose assignment for new patients
when previous patients’ outcomes are pending in order to shorten
trial duration. In this case, the toxicity outcome is considered as
binary, and two strategies are commonly used: (i) weighting the
observation with incomplete follow-up time with a ‘partial credit’
[30, 57, 58] or (ii) considering unobserved toxicity as missing data
and applying appropriate missing data methods [59, 60]. Over-
all, 115 papers proposing new designs that account for late-onset
toxicities were identified in the review (cf. Figure 6), 74 of which
used a binary toxicity endpoint. Another approach is to model
toxicity as a time-to-event endpoint that accounts for the timing
of the toxicities in the dose selection process [61-64]; 22 such
papers were identified. Several methods have also been proposed
to model toxicity over multiple treatment cycles, either through

Delayed toxicities

81 Binary
75 F— Bl Time-to-event
8 B Ordinal
° Quasi-binary/continuous
% Binary or Continuous or
— Quasi-binary/continuous
5 50
?g 34
£
3 25 53 =
21
0
Late-onset toxicity endpoint ® I
Multiple treatment cycles
FIGURE 6 | Types of toxicity endpoints in papers proposing new

designs handling delayed-onset toxicities.

cumulative [61,65-67] or conditional probabilities [68]. A total of
34 papers proposing new designs for this purpose were identified.

44 |
(PRO)

Integrating Patient Reported Outcomes

A key aspect of Project Optimus is its focus on safety and toler-
ability, notably through the integration of PROs in dose-finding
clinical trials. The inclusion of PROs in early-phase studies
has been particularly encouraged with the development of val-
idated instruments, such as the PRO version of the Common
Terminology Criteria for Adverse Events (PRO-CTCAE) [69].
This approach offers a promising way to ensure that tolerability
assessments reflect not only the clinician’s perspective but also
the patient’s experience. Project Optimus particularly encourages
the use of PROs to guide dose optimization in settings where sub-
jective toxicities are anticipated. However, the literature on the
use of PROs for dose determination designs remains very limited.
Our review identified only four methods proposing PRO-based
dose-finding approaches for MTD determination [70-73], with
one applied paper discussing the methodological use of such a
method in a real clinical trial setting [74], and a guideline paper
mentioning the need for PROs [13].

4.5 | Combining Several Agents

Clinical trials investigating combinations of therapeutic agents
have garnered renewed attention in oncology, as a promising
approach for improving cancer treatment outcomes. However,
the identification of an effective dose combination is difficult
due to the limited sample sizes commonly used in early-phase
clinical trials. Indeed, in addition to the number of agents being
considered, a major challenge lies in ordering the dose-limiting
toxicity probabilities across the dose levels when the dose of
one drug is escalated while the dose of another is de-escalated.
This multi-dimensional problem introduces additional complex-
ity that goes beyond the scope of a single-agent escalation design,
and dose-finding methods specifically tailored for drug combi-
nations need to be considered. Phase I clinical trial designs for
combinations of therapeutic agents have been extensively devel-
oped. In our review we identified 146 papers, including 99 papers
proposing new dose-finding designs specifically for combination
therapies. Among these 99 new designs, approximately 65% were
developed to identify the MTD, whereas 35% aimed to identify
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FIGURE7 | Type of endpoints in papers proposing new designs. A
total of 489 papers proposed a new method and considered toxicity as an
endpoint; among these, 199 also included efficacy endpoints.

the optimal biological dose (OBD). These approaches include
up-and-down designs [75, 76], model-based designs [77-86] or
more recently model-assisted designs [87, 88].

4.6 | Incorporating Efficacy/Activity for Dose
Decision

The primary goal of early-phase trials is to identify a dose that
balances safety with therapeutic potential, ideally translating into
improved overall survival in cancer patients. Consequently, such
trials may incorporate preliminary efficacy signals or surrogate
markers to guide dose selection. One of the key recommenda-
tions from Project Optimus is to include efficacy data when select-
ing the recommended dose. Out of 491 papers proposing a new
design, 199 (41%) considered both toxicity and efficacy endpoints
in the dose recommendation. In this section, efficacy corresponds
to early efficacy or a surrogate of efficacy. When two efficacy out-
comes are considered in the dose-finding process, we refer to effi-
cacy and activity.

In early-phase trials, efficacy is often modeled as a binary out-
come, representing more than 70% of the articles reviewed
(cf. Figure 7), typically involving short-term binary endpoints,
such as the objective response rate or the dichotomization
of more complex outcomes. Otherwise, 11.1% of the methods
consider efficacy as a time-to-event outcome, 6% as an ordi-
nal outcome and another 6% as a continuous variable. The
remaining methods considered less frequently used outcome
types, including quasi-binary and quasi-continuous endpoints,
as well as longitudinal continuous outcomes. When using a
time-to-event outcome, it is most commonly progression-free
survival (PFS) [89-93]. Ordinal efficacy outcomes typically
rely on disease-specific response criteria, such as RECIST for
solid tumors or hematologic response criteria (e.g., Cheson or
iwCLL classifications for hematologic malignancies), includ-
ing categories such as progressive disease, stable disease, par-
tial response, or complete response [94-97]. Continuous effi-
cacy outcomes, on the other hand, are often based on quanti-
tative biomarkers [98-100]. Regardless of the type of outcome,
some designs remain intentionally general, without specifying
the exact efficacy endpoint considered, highlighting the flexibil-
ity or abstraction in model formulation at the methodological

stage. As for the toxicity endpoint, the duration of the efficacy
assessment window is a major component of efficacy assessment
and designs for handling delayed responses have been proposed
in the literature. In the review, 51 methods were identified that
propose new designs addressing late efficacy endpoints. Some
of them are extensions of the TITE-CRM to bivariate outcomes
[101], others model-based approaches using survival endpoints
[91, 102], efficacy trade-off designs [103, 104], or model-assisted
designs [105, 106] for delayed efficacy and toxicity outcomes.
We identified a total of 200 new designs using toxicity informa-
tion together with either efficacy (or a surrogate of efficacy) or
activity information for dose recommendation, including OBD
selection. As shown in Figure 8, the majority of newly proposed
designs were MTD-oriented and relied exclusively on toxicity
data for dose selection (59.3%). However, since around 2010,
there has been growing interest in OBD-oriented methodolo-
gies that integrate efficacy information alongside toxicity out-
comes. These approaches accounted for 40.7% of all new designs
identified in the review. In general, two main decision-making
approaches can be distinguished in Phase I/II designs when
accumulated efficacy and toxicity outcomes are used to adap-
tively determine doses for subsequent patients and to identify
the OBD. In the first approach, the goal is usually to identify the
dose that maximizes the probability of efficacy while maintain-
ing acceptable safety [91, 101, 102, 107-113]. We refer to these
as efficacy-driven designs. We found 91 efficacy-driven designs
in the review. In some specific cases, when toxicity and effi-
cacy are modeled as time-to-event outcomes, the optimal dose
could be the one that maximizes the ratio of the areas under
the survival curves of toxicity and efficacy up to the prespecified
follow-up time, among doses satisfying safety conditions [102].
The second approach aims to identify the most ‘desirable dose’,
balancing efficacy and toxicity, and is referred to as a utility-based
design. To quantify dose desirability, designs rely either on effi-
cacy/toxicity contours [103, 104, 114, 115] or on utility functions
to assess the risk-benefit trade-off [89, 96, 116-123]. We iden-
tified 109 utility based designs in the review. Different utility
functions can be used to quantify the benefit risk of dose lev-
els. Utility-based approaches can be defined through a combina-
tion of the estimated probabilities of toxicity and efficacy, where
weights reflect the relative importance assigned to each out-
come in the benefit-risk trade-off [116, 118]. Another approach
defines a utility function by eliciting physician-defined desirabil-
ity scores for discrete toxicity efficacy outcome pairs, using ref-
erence anchors corresponding to the most and least desirable
scenarios (e.g., maximum efficacy with minimal toxicity versus
minimal efficacy with high toxicity) [119]. The utility can also be
computed as a weighted average of the utilities associated with
the possible toxicity—efficacy outcome combinations (e.g., toxic-
ity and efficacy, toxicity without efficacy, no toxicity with efficacy,
and neither toxicity nor efficacy), where the weights correspond
to the joint outcome probabilities [120]. A simpler approach
defines a “most successful dose” (MSD) by combining toxicity
and efficacy into a joint probability of success, typically defined
as the probability of efficacy in the absence of toxicity, and selects
the dose that maximizes this success probability [124-126]. As
mentioned above, tumor response is commonly used as the pri-
mary efficacy endpoint in many Phase I-1I clinical trials. How-
ever, to more thoroughly evaluate therapeutic effectiveness, both
efficacy and activity can be included in the dose-finding pro-
cess. In our review, we identified 31 such methods. Activity may
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reflect immune response [127, 128], biomarker changes [62, 119,
129], or pharmacodynamic (PD) effects [130]. When available,
PD biomarkers can serve as indicators of activity that are spe-
cific to certain cancer types, for example, protein-derived tumor
markers such as prostate-specific antigen in prostate cancer or M
protein in multiple myeloma.

4.7 | Accounting for Patient Heterogeneity

The Optimus project encourages consideration of patient het-
erogeneity in dose-finding. In our review, we identified 66 arti-
cles proposing new designs that explicitly accounted for patient
heterogeneity during the dose-finding process [95, 131]. Some
approaches involve the use of biomarkers as indicators of treat-
ment heterogeneity in oncology [95, 129]. Two types of biomark-
ers can be distinguished based on their trajectories. The first type
includes tumor-derived biomarkers, which reflect the dynamics
of the tumor. These biomarkers typically decrease in response to
effective treatment, but may subsequently increase again when
the tumor develops resistance and progresses. The second type
comprises treatment-related biomarkers, which reflect the direct
pharmacodynamic or pharmacokinetic action of therapy, and
often show an initial increase after treatment administration, fol-
lowed by a decrease as resistance emerges and disease progres-
sion occurs. Such biomarkers can help characterize dose-activity
or dose-response relationships and complement toxicity data to
guide dose selection.

Some designs go further by aiming to identify subgroup-specific
optimal doses [132]. Rather than recommending a single dose
for all patients, these designs allow for personalized dosing
based on differences in tumor type, disease subtype, or disease
stage, as well as patient characteristics such as biomarker expres-
sion, age, or sex. Treatment setting, including prior or concomi-
tant therapies, and variability in susceptibility to toxicity among
patient groups [133-135] can also be taken into account. Often,
the subgroups are specified before the trial starts rather than
estimated.

4.8 | Integrating PK/PD Information

Although traditional dose-finding trials focus on modeling the
endpoint of interest (toxicity, efficacy, etc.) as a function of the
dose, doses are typically chosen after a careful PK or PK/PD
analysis. Indeed, sponsors can use pre-clinical data to define
target saturation points and exposures to narrow the range of
doses for further clinical evaluation. In addition, these analy-
ses are often required by regulatory agencies during the sub-
mission process. The idea of including PK measures of expo-
sure, such as the area under the curve (AUC), at least as
covariates in toxicity models originated in the 1990s [136].
Another approach consists of modeling the dose-exposure
and the exposure—endpoint relationships and then combining
them to obtain the population-level dose-endpoint relationship
[137-140]. Extensions to the time-to-event setting have also been
proposed [141, 142].

4.9 | Determining Dose Schedule

Designs have also been developed to determine the optimal
number of treatment cycles along with the dose administered
within each cycle. The number of treatment cycles, together
with the predefined method of administration of the study med-
ication within each cycle, can be referred to as the schedule
[143,144]. More broadly, the schedule corresponds to the method
and timing of dose administration, including the recommended
interval between doses and the overall duration of treatment,
as outlined in the FDA Project Optimus guidance [145]. In a
dose-schedule finding trial, the objective is to identify an opti-
mal combination of the amount of drug administered and the
administration schedule that is both tolerable and sufficiently
active to justify further evaluation of antitumour efficacy. Project
Optimus emphasizes the importance of optimizing the dosage,
considering not only the quantity of the drug administered
but also the schedule. In the review, we identified 39 meth-
ods addressing schedule optimization. Some rely exclusively on
safety data [140, 146-148], whereas many others are Phase I-11
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designs that incorporate both toxicity and efficacy information
[149-153].

410 | Leveraging External Data

The use of external data, typically incorporated into the prior dis-
tribution within a Bayesian framework, is infrequently addressed
in the literature, being considered in less than 3% of the papers
included in this scoping review. Various sources of external infor-
mation may be leveraged, such as preclinical data [154-156], his-
torical data from previous clinical trials [157-159], or data from
adult populations to inform pediatric studies [160, 161]. Never-
theless, despite the limited “explicit” use of external data, many
dose-finding designs in the reviewed literature rely on Bayesian
methodologies, in which prior distributions can, in principle, be
calibrated to incorporate such historical information, even if this
aspect is not formally detailed or reported in the publications.

411 | Implementing Randomization Strategies

One key point of the 2023 FDA draft guidance is the need for
comprehensive dose exploration early in development, including
a formal comparison of two or more doses, ideally through ran-
domization, to support dose selection. This randomization stage
does not necessarily need to be powered for efficacy, but should be
sufficiently sized to collect meaningful information at the doses
of interest. Randomization can be performed after escalation, typ-
ically occurring in two-stage Phase I/II designs: the first stage
involves standard dose escalation to identify a set of acceptable
doses in terms of safety or optimal candidate doses, while the
second stage focuses on dose optimization through randomiza-
tion. This optimization stage may use adaptive randomization
based on efficacy among doses deemed acceptable in terms of
toxicity, or fixed randomization across a restricted set of candi-
date doses. The candidate set of doses for optimization is typically
the MTD identified in the first stage and one or two lower doses
that demonstrate promising early efficacy or favorable PK/PD
characteristics. Examples of two-stage Phase I/II designs where
randomization is performed after escalation include [108, 130,
162]. Two-stage designs align with traditional phased develop-
ment and allow different populations across stages, but they
risk discarding the true optimal dose due to imprecise early
estimates of toxicity and efficacy. Alternatively, randomization
can be performed during the escalation phase, usually through
an efficacy-integrated Phase I/II design, in which both toxicity
and efficacy data are used simultaneously to guide dose esca-
lation and de-escalation throughout the trial. The dose-toxicity
and dose-efficacy model estimates are continuously updated
based on interim data to evaluate the benefit-risk trade-off and
make dose transition decisions. The next cohorts of patients are
then allocated to admissible doses either by adaptive randomiza-
tion based on efficacy [110], or by assignment to the dose with
the highest estimated benefit-risk trade-off. Efficacy-integrated
designs continuously update the optimal dose, enabling more
efficient learning and allocation to promising doses, address-
ing the exploration-exploitation trade-off [163]. However, these
designs require timely observation of efficacy and toxicity. In
our review, we globally identified 97 methods that incorporated
randomization: 39 during escalation, 49 after escalation, and 9
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applied to both. The Discussion section provides further com-
mentary on these different approaches.

412 | Software Availability

To assess the practical usability of published methods, we identi-
fied articles that provided implementation tools, such as code, R
packages, applications, or software. Making innovative designs
available through user-friendly software is a key step toward
broader adoption.

Figure 9 illustrates the evolution over time in the declared avail-
ability of such tools in articles proposing a new design, program-
ming tool, benchmark or calibration method. Although many
publications still do not provide access to any implementation
material, the proportion of articles offering code, an R pack-
age, an application, or making them available upon request
has increased in recent years—from approximately 30% in 2010
to around 50% currently. In the review, we also identified 15
papers specifically dedicated to the development of programming
tools, such as R packages [164-170], applications [171-173], or
code [174-176] to facilitate the implementation of dose-finding.
Although encouraging progress has been made in providing
usable tools and improving reproducibility practices, such efforts
are still not systematic.

5 | Limitations

This review has several limitations that should be acknowl-
edged. First, the identified literature was predominantly drawn
from statistical journals (96%), with only a small proportion
of publications originating from clinical or medical journals
(4%). This distribution reflects the methodological focus of the
review, which targeted statistical designs for dose finding and
dose optimization. It may, however, under-represent areas in
which methodological recommendations are currently emerg-
ing primarily within the clinical literature before being formal-
ized into statistical frameworks. This is particularly relevant
for patient-reported outcomes (PROs), whose integration into
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early-phase oncology trials is still at an early stage and may there-
fore be more frequently discussed in clinical journals than in the
methodological literature captured here. As a result, our findings
should be interpreted as a mapping of the published methodolog-
ical landscape, which does not necessarily reflect the full extent
of current clinical practice.

Second, the scope of this review was deliberately restricted to
early-phase dose-escalation and dose-optimization designs.
Dose-ranging studies (understood here as randomized,
fixed-dose parallel-arm trials conducted independently of
any prior dose-escalation stage) were not explicitly included
in the search strategy. This choice was motivated by the
focus on first-in-human and early development settings; the
dose-optimization designs identified in this review, using ran-
domization during or after escalation, remain incorporated into
an initial dose-escalation study and are therefore considered dis-
tinct from such dose-ranging trials. However, it is worth noting
that dose-ranging studies are directly relevant to the broader
dose-optimization framework promoted by Project Optimus and
may constitute an important complement to the methodological
landscape described here.

Third, while the review aimed to provide a comprehensive
and objective mapping of the methodological literature, the
categorization of publications into predefined categories nec-
essarily involves a degree of subjectivity. Some methodolog-
ical approaches may be difficult to classify unambiguously,
and the boundaries between categories, such as between
utility-based and efficacy-driven designs, may not always be
clearly defined in the original publications. Finally, although
the review covers publications up to September 2025, the field
is rapidly evolving, and new methodological contributions con-
tinue to emerge. In particular, methodological developments
directly motivated by Project Optimus are still ongoing, and the
present review may not fully capture the most recent advances
in the field.

6 | Discussion and Conclusion

The FDA’s Project Optimus represents a major shift in the
paradigm of dose recommendation in oncology drug develop-
ment, seeking to reform dose optimization studies so that dose
selection is supported by robust and comprehensive evidence.
Dose optimization, as promoted by Project Optimus, should be
viewed as a cumulative learning process rather than as a sin-
gle decision made at one specific stage of development. Evidence
may be progressively generated across multiple studies or inte-
grated trial phases, including dose-escalation cohorts, random-
ized dose-expansion cohorts, PK/PD and exposure-response
analyses, and sequential learning approaches. Although our
review focused on individual published methods, we assessed
whether these methods already incorporate some of the key prin-
ciples of this broader dose-optimization process. Several method-
ological proposals identified in our review use multi-stage, adap-
tive, or seamless designs, illustrating how information collected
over time can support progressive dose selection and refinement.
In general, our review highlights that there is a rich methodolog-
ical literature available to address many of the challenges raised
by Project Optimus.

Despite the extensive development of model-based methods in
the statistical literature, their use in clinical practice remains
limited. The traditional 3 + 3 design has historically been widely
used, largely due to its simplicity, despite well-documented short-
comings [1, 177, 178]. Although many alternative model-based
designs have been proposed, their adoption has been modest. In
a review of 84 phase I trials of molecularly targeted agents con-
ducted between 2000 and 2010, rule-based designs were used
in 91% of studies, whereas model-based approaches accounted
for only 8%; the standard 3 + 3 design alone was used in nearly
half of all trials (49%) [179]. A subsequent review of oncology
phase I combination trials conducted between 2011 and 2013
reported that traditional or modified 3 + 3 designs were used in
88% of studies [180]. More recently, a retrospective analysis of
oncology phase I trials conducted between 2020 and 2022 found
that rule-based designs still represented 81.2% of dose-escalation
methods, with the traditional 3+ 3 design remaining dominant
at 73.9%, while model-assisted and model-based approaches
accounted for only 4.6% and 6.4% of trials, respectively [181]. A
review of trial protocols published between 2017 and 2023 found
that model-based and model-assisted designs were used in only
19% of studies [182]. More recent data collected following the
launch of Project Optimus (2021-2024) indicate that the 3+3
and BOIN designs were the most commonly applied, used in 40%
and 32% of protocols, respectively, with a declining use of 3+ 3
and increasing adoption of BOIN [10]. One possible reason for the
limited adoption of some complex methodologies is the lack of
available software code or user-friendly applications. Many pub-
lished designs are not accompanied by practical implementation
tools, which may contribute to their limited use in practice. Many
innovative designs have been evaluated primarily through sim-
ulation studies, and their comparative advantage over standard
approaches has rarely been demonstrated under real-world trial
conditions, which may limit the confidence of clinical teams and
sponsors in adopting them. Adoption may further be constrained
by unfamiliarity of clinical investigators and data safety moni-
toring boards with innovative methodology. In addition, some
methodologies that are theoretically appealing may face impor-
tant operational challenges, such as the unavailability of data at
the time of dose-escalation decisions (e.g., delayed efficacy out-
comes, PK measurements, or PRO data), which can limit their
feasibility in real-world trial settings. Ensuring that such data
are collected, cleaned, and made accessible before each decision
point requires substantial upfront organizational planning and
close coordination across statisticians, data managers, and clin-
ical teams.

The literature extensively covers efficacy-informed dose determi-
nation, late-onset outcomes, and combination therapies. While
Project Optimus has renewed interest in dose optimization,
the core principles, that is balancing risks and benefits, are
long established and reflected in numerous Phase I/II designs
[89-93, 96, 101-104, 107-123]. As recommended in the FDA
guidance, dose optimization should account for potential dif-
ferences in required dosing across patients due to heterogene-
ity in tumor biology, patient characteristics, and treatment set-
ting. In this review, we identified a substantial number of
methods that explicitly incorporate patient heterogeneity into
the dose-finding process. However, important methodological
gaps remain. Despite FDA encouragement, few frameworks
exist for using PROs in dose optimization, and clear guidance
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on translating PRO data into dose recommendations is still
lacking. Key challenges include defining clinically meaningful
patient-reported toxicity thresholds, analyzing small and het-
erogeneous subgroups, ensuring the availability of PRO data in
real time during dose escalation, and addressing the subjective
nature of patient-reported information, which may introduce
variability and affect consistency across patients. In addition,
PRO collection may increase the time commitment required from
patientsin a trial and place additional demands on clinical teams.
Although several recent methodological contributions have been
proposed following the launch of the Project Optimus initiative,
including approaches integrating PROs into dose-finding designs
[183, 184], the integration of PROs into formal dose-finding
methodologies remains a recent and still under-explored research
area. Similarly, although the FDA emphasizes that clinical
PK/PD should be assessed throughout development to character-
ize dose— and exposure-response relationships, PK-based dose-
finding designs remain limited. This may be partly due to practi-
cal constraints. PK measurements are often not available in real
time during dose escalation, and ensuring the availability and
timely analysis of PK samples at each new cohort remains a chal-
lenge. Moreover, population PK modeling requires a sufficient
amount of PK data before it can be developed, which is rarely
the case in the earliest cohorts. At early stages of drug develop-
ment, the relationship between exposure, toxicity, and efficacy is
often uncertain, which limits the added value of incorporating PK
information into dose decision-making. Finally, the inclusion of
PK information for dose optimization requires close coordination
between pharmacokinetic, clinical, and statistical teams, which
can further increase operational complexity. Several extensions
of this work could be considered. First, a dedicated systematic
review of clinical trial protocols and published early-phase oncol-
ogy studies would allow a rigorous and quantitative assessment
of which methodological approaches identified in the literature
are actually adopted in practice, how their uptake has evolved
over time, and whether the landscape has meaningfully shifted
since the launch of Project Optimus. Such a review would com-
plement the present work by bridging the gap between method-
ological development and real-world implementation. Second, a
position paper in which experts provide informed recommenda-
tions on the most appropriate early-phase oncology trial designs,
drawing on the findings of this scoping review, would represent
a valuable extension of this work. Unlike the present review,
such a paper would go beyond a neutral mapping of the litera-
ture to critically appraise the strengths and limitations of exist-
ing approaches, assess their practical feasibility and operational
constraints, and offer contextualized guidance for their imple-
mentation across different clinical settings and trial objectives.
Methodological innovation alone is insufficient to change cur-
rent dose-optimization practice; new designs must move beyond
conceptual development to practical implementation. Progress
also depends on clear guidelines, practical recommendations,
and applied examples. Project Optimus has renewed interest in
bridging this gap by encouraging the translation of innovative
methods into practice, with guidance papers playing a key sup-
porting role [74, 146, 185-189]. Easy-to-use tools are also a key
component of the successful adoption of innovative designs, yet
this remains an area requiring further development.

The FDA guidance provides a strong framework for
improving dose-optimization strategies, but translating its

recommendations into practice remains challenging for spon-
sors. Regulatory familiarity and perceived acceptability are
likely to influence design choice, and more practical guidance
on which statistical methods may be appropriate for a given
dose-finding objective could therefore facilitate the uptake of
these recommendations. The FDA fit-for-purpose designation
of the BOIN design for maximum tolerated dose identification
in 2021 [190] illustrates this point: it preceded the increasing
uptake of this design reported in recent protocol reviews [10],
although this trend cannot be disentangled from other factors,
such as the availability of user-friendly software. Similarly,
early design-specific dialog with regulators, facilitated by ini-
tiatives such as the FDA Model-Informed Drug Development
and Complex Innovative Trial Design Paired Meeting Pro-
grams, may help reduce the perceived regulatory risk associated
with less familiar designs. Further work should also examine
how the principles of Project Optimus have been reflected in
regulatory assessment in recent years, in particular how the
dose-optimization strategies and supporting evidence submitted
by sponsors have been evaluated, and how departures from the
guidance recommendations have been discussed and resolved.
Such an analysis would provide valuable insight into regu-
latory expectations and into the practical implementation of
dose-optimization principles. More broadly, this review shows
that a rich and rapidly growing methodological toolbox is
already available to address many of the challenges raised by
Project Optimus. Continued collaboration between methodolo-
gists, sponsors and regulators should help bring these methods
into routine practice and, ultimately, contribute to ensuring that
patients receive dosages with the most favorable benefit-risk
profile.
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scoping review. List of the journals extracted and retained for the article
search. Table 1: List of statistical journals extracted from SCOPUS with
subject area “Decision Sciences - Statistics, Probability and Uncertainty”
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medical journals publishing statistical methods added to the list of statis-
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