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Abstract

Background: Phase I clinical trials aim to find the highest dose of a novel drug that may be
administrated safely without having serious adverse effects. Model-based designs have recently
become popular in dose-finding procedures. Our objective is to provide an overview of phase I
clinical trials in oncology.Methods:A retrospective analysis of phase I clinical trials in oncology
was performed by using the PubMed database between January 1, 2020, andDecember 31, 2022.
We extracted all papers with the inclusion of trials in oncology and kept only those in which
dose escalation or/ and dose expansion were conducted. We also compared the study
parameters, design parameters, and patient parameters between industry-sponsored studies
and academia-sponsored research. Result: Among the 1450 papers retrieved, 256 trials
described phase I clinical trials in oncology. Overall, 71.1% of trials were done with a single
study cohort, 56.64% of trials collected a group of at least 20 study volunteers, 55.1% were
sponsored by industry, and 99.2% of trials had less than 10 patients who experienced DLTs.
The traditional 3þ 3 (73.85%) was still the most prevailing method for the dose-escalation

approach. More than 50% of the trials did not reach MTDs. Industry-sponsored study enrolled
more patients in dose-escalation trials with benefits of continental cooperation. Compared to
previous findings, the usage of model-based design increased to about 10%, and the percentage
of traditional 3þ 3 design decreased to 74%. Conclusions: Phase I traditional 3þ 3 designs
perform well, but there is still room for development in novel model-based dose-escalation
designs in clinical practice.

Introduction

Phase I clinical trials conducted in oncology aim at identifying the appropriate dosage for
further examination, commonly referred to as the recommended phase II dose (RP2D). Trials
are designed to gather data regarding the drug’s safety, pharmacokinetics, and mechanism of
action. The primary objective of dose-finding studies is to find a novel drug’s maximum
tolerated dose (MTD) that can be administered without causing excessive toxicity. Dose-
limiting toxicities (DLT) are defined as severe adverse events (AE) of grade 3 or higher which
were usually prespecified according to the Common Terminology Criteria for Adverse Events
(CTCAE v4.0) [1]. The CTCAE is a set of global standards that gauge the seriousness of an AE,
spanning from amild level (grade 1) to events linked to death (grade 5) [2]. Traditionally, phase I
dose-finding designs are typically categorized into algorithm-based and model-based
approaches [3,4]. Algorithm-based designs perform predetermined guidelines to conduct
dose-escalation and de-escalation procedures, which include the traditional 3þ 3 design,
accelerated titration design [5], the biased-coin design [6], and its variations [7,8] . The
traditional 3þ 3 design is the most widely used algorithm-based design in clinical practice. The
design is easy to implement. It begins at a low dose and escalates with every 3–6 patients for each
dose. Initially, three patients were enrolled, and additional patients were enrolled into higher
dose level if no DLT occurred [4,9]. If a particular dose leads to the occurrence of a DLT in one
patient, three more patients are added to the same dose-level cohort. The MTD is exceeded if
two or more patients out of the cohort experience DLTs at a particular dose level. Then dose
escalation is terminated in the trial. Lower dose level needs to expand to six patients to check the
DLTs; if no more than one patient has DLT, that dose level is defined as theMTD [10]. But these
designs usually have inadequate operational qualities and are without theoretical fundament
[3,4]. Model-based designs perform better than algorithm-based designs by using parametric
dose toxicity models to determine the dosage for escalating or de-escalating procedures. The
continual reassessment method, the most classic model-based design in phase I clinical trials,
starts with a probable dose-toxicity curve based on statistical models with one or two parameters
and then uses the cumulative toxicity data from trial participants to update the estimation of the
curve on a regular basis, which helps determine the appropriate dose [11]. Numerous continual
reassessment method (CRM) extensions have been developed, including dose escalation with
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overdose control [12], time-to-event CRM [13], Bayesian model
averaging CRM [14], partial order CRM [15] and its variations
[16], and bivariate CRM [17]. For a comprehensive review of the
CRM and related methods can be found in the book by Cheung
[18]. There are several reasons to prefer model-based designs to
algorithm-based designs: clearer DLT, more patients treated at the
optimal dose, more efficient utilization of available resources, and
easier alternating process to fit complex questions [19].
Contemporarily, though model-based dose-escalation design
proposes better solutions to find MTD than algorithm-based
ones, their utilization in clinical practice has been limited [4,20,21].
However, because model-based designs require repeated model
fitting and estimation, they are more complicated to implement,
and many practitioners view the decisions of the model-based
designs as coming from a “Blackbox” [22]. Model-assisted designs
merged the benefits of algorithm-based designs and model-based
design [23–25]. The model-assisted designs employed a certain
statistical model to create decision-making frameworks and
determines the dose-escalation and de-escalation approach prior
to trial, so it allows for straightforward implementation like
algorithm-based designs [23]. Model-assisted designs include the
Bayesian optimal interval (BOIN) [26,27], the modified toxicity
probability interval (mTPI) design and its variation [28],mTPI-2
[28], and keyboard design [25]. Comparison between model-
assisted designs with the 3þ 3 design and model-based designs
indicated that model-assisted designs significantly outperformed
the 3þ 3 design and demonstrated performance compared to
model-based designs in accuracy of MTD identification, patient
allocation, and the risk of overdosing patients [23,24,29,30] BOIN
yielded better outcomes than other model-assisted designs in
various trials including drug-combination trials [31], late-onset
toxicity [32], low-grade toxicities [32], and toxicity and efficacy
jointly [33,34].

Previous review studies found only 1.6% of phase I trials from
1991 to 2006 implemented model-based or assisted designs [20],
and 5.4% of trials used model-based designs from 2008 to 2014
[21]. Most recently, a review study of phase I trials reported that
model-based designs and model-assisted designs were used in 7%
and in only 1%, respectively, of the selected studies from 2014 to
2019. In order to adapt to the needs of cancer research and
treatment, it was necessary to update the traditional approaches to
phase I clinical trials in oncology [35,36]. However, the
incorporated rate of model-based designs in practice has not
significantly increased in the past three decades. This literature
review aims to assess the trend of the recent phase I clinical trials in
oncology over the 2020–2022 period and to evaluate the detailed
design characteristics between academic studies and industry-
sponsored studies on phase I design types, number of cohorts,
study sites, study populations, types of dose escalations, and
characteristics of escalation.

Methods

In this research, we performed a retrospective analysis by
compiling a dataset consisting of 1450 studies retrieved from the
PubMed database. The selection process was guided by specific
search criteria to ensure the relevance and specificity of the chosen
studies. This selection process was undertaken to ensure that the
studies included in our analysis were relevant to the evaluation of
phase I clinical trials in the field of oncology. The chosen studies
were subjected to further examination and analysis as part of our
research methodology.

Search strategy

To gather the initial pool of studies, we conducted a search using
the PubMed database, employing the following key terms: “phase
I” and “clinical trials.” This initial search yielded 1450 results from
2020 to 2022.

Inclusion and exclusion criteria

From the initial 1450 studies retrieved, we implemented a
systematic exclusion process to narrow down the dataset to
studies pertinent to our research focus. First, we excluded 1168
studies that did not pertain to oncology, given the specific nature of
our investigation. Second, 72 studies were not included in the
analysis due to access restrictions. Consequently, we identified and
retained 210 studies that met our inclusion criteria for the final
analysis; 32 studies included two or more cohorts recorded as
individual studies. Finally, 256 studies reported on dose escalation
and/or dose expansion in oncology trials remained for final
analysis (Figure 1).

Data acquisition and validation

The data collection was conducted through the Research Electronic
Data Capture system (REDcap). Two graduate students in statistics
and biostatistics were trained in common phase I dose-escalation
methodologies, inclusion/exclusion criteria, and data collection
instruments. They collectively extracted data from 210 articles.
10% of the articles were reviewed by the supervising faculty for
training and quality control purposes.

We summarized each study by three groups of parameters:
study parameters, design parameters, and patient parameters.
Study parameters describe the overall characteristics of the study,
including study phase, number of study sites, study sponsor,
country, and the number of investigational agents. Study phases
are categorized into phase I-a, phase I-b, phase I with expansion,
and phase I/II. It is worth noting that the subcategorization of
phase I studies lacks formal standardization. For the purpose of
this review, we have assigned the label “phase I-a” to studies
exclusively featuring dose-escalation protocols, while “phase I-b”
designates studies with dose escalation as their sole focus. “Phase
I/II” denotes trials that start with a dose-escalation design and
subsequently transition to a randomized phase II design. Phase I
studies that start with a dose-escalation design followed by a single
cohort dose expansion have their own category labeled as “phase I
with expansion.”

The number of study sites is categorized into “single site” or
“multi-site” studies. Study sponsors are grouped into academic
research or industry sponsors. Study sponsors are distinguished by
the attached study disclosure. Studies that are funded by
government grants or institutional funds are categorized as
academic research. When it is unclear in the study disclosure,
we examined whether the corresponding and first author is
affiliated with an academic institution or a pharmaceutical
company. The other study parameters are extracted from each
study’s introduction section.

Design parameters include the total number of patients
enrolled, the dose-escalation method and its parameters, dose-
expansion parameters, and safety statistics. Dose-finding methods
include 3þ 3 design, titration design, CRM and modified CRM
design, time-to-event CRM, and BOIN. Studies that did not adopt
the abovementioned designs are categorized into “others” due to
small numbers, and nomethod information provided. This “other”
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category includes rolling six design, mTPI, 4þ 3 design, 4þ 4
design, 5þ 2 dose intensification, modified Fibonacci design, and
designs without information. For studies with dose-escalation part,
we extracted key design elements including the number of
candidate dose, starting dose, final dose, dosing finding objective
(MTD vs. optimal biological dose [OBD]), and whether the dose
escalation involves multiple agents. In this research, the final dose
was defined as MTD or the highest dose level if MTD was not
reached or OBD.

The total number of patients enrolled in our analysis represents
the cumulative sample size across all the studies examined. It’s
important to note that some studies employ a design in which
patients are enrolled into parallel cohorts. Essentially, these parallel
cohorts are multiple groups of patients within the same study, with
each group receiving a similar treatment scheme. Although these
parallel cohorts are included in a single study report, we treat them
as distinct studies during our analysis. It is worth noting that a
small number of dose-escalation studies only reported the number
of patients treated at each dose level without details on their dose-
escalation methods. These studies are categorized as “not available
(N/A).” For studies with dose expansion, we extracted the number
of patients enrolled for dose expansion.

Patient safety is summarized by the percentage of patients
treated at the final dose level, percentage of patients who
experienced DLT overall, and percentage of patients who
experienced DLT at the final dose level.

We also summarized the characteristics of these three
parameters between industry and academia-sponsored trials.
Comparisons between industry and academia-sponsored trials

were conducted using Chi-square tests and Fisher’s tests if the
sample size was less than 5. Chi-square tests and Fisher’s tests were
also used to compare the difference between dose-escalation
methods. TheHaldane-Anscombe correction was applied to fix the
comparison for data cells with zero observations by adding 0.5 to
each data cell [37,38].

Results

The 256 phase I trials included 144 trials that only conducted dose
escalation, 38 trials that underwent single cohort expansion
without dose escalation, 47 trials combined dose escalation and
expansion, and 27 dose-escalation trials followed by randomized
phase II. About 55% (141 out of 256) of the trials were sponsored
by industry. Ninety-nine percent of trials had at most 10 patients
with (or experiencing) DLTs. The traditional 3þ 3 (73.85%)
remains the most widely used approach for phase I cancer dose-
finding clinical trials (Table 1).

Industry study vs. academia study

Industry studies enrolled more patients than academic study in
dose escalation (p= 0.03) (Table 2). A total of 63.8% of industry
studies recruited more than 20 patients; meanwhile, only 47.8 % of
academic studies enrolled more than 20 patients. In dose
expansion, the percentage of trials including more than 20 patients
was 55.1% for industry studies and 44.45% for academic studies,
respectively (Table 1). The number of patients at final dose, dose
levels, and multiple agent escalation were spread quite evenly for

Figure 1. Study selection.
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Table 1. Overall phase I clinical trials in oncology characteristics and comparison between industry and academia sponsored from 2020 to 2022

Total number
N= 256

Industry sponsored
N= 141

Academic research
N= 115

Phase 1 type, n (%)

Phase 1 (first in human or only had dose escalation) 144 (56.25%) 75 (53.19%) 69 (60%)

Phase 1b (single cohort without dose escalation) 38 (14.84%) 20 (14.18%) 18 (15.65%)

Phase ½ (dose escalation followed by randomized phase 2) 27 (10.55%) 17 (12.06%) 10 (8.7%)

Phase 1 with dose expansion (first in human/escalation followed
with single cohort expansion)

47 (18.36%) 29 (20.57%) 18 (15.65%)

Multiple sites, n (%)

Yes 160 (62.89%) 102 (72.86%) 58 (50.43%)

No 95 (37.11%) 38 (27.14%) 57 (49.57%)

Study population, n (%)

0–10 36 (14.06%) 19 (13.48%) 17 (14.78%)

11–20 75 (29.3%) 32 (22.7%) 43 (37.39%)

20þ 145 (56.64%) 90 (63.83%) 55 (47.83%)

Study country, n (%)

USA (or USA with another country) 133 (51.95%) 62 (43.97%) 71 (61.74%)

Multiple countries 52 (20.3%) 35 (24.82%) 17 (14.78%)

Japan 28 (10.93%) 24 (17.02%) 4 (3.48%)

Other Asian countries (China, Korea, Singapore, etc.) 18 (7.03%) 5 (3.55%) 13 (11.3%)

European countries (UK, France, Italy, etc.) 19 (7.42%) 13 (9.22%) 6 (5.22%)

Other countries 6 (2.34%) 1 (0.71%) 5 (4.35%)

Agents, n (%)

Single agents 137 (53.52%) 76 (53.9%) 61 (53.04%)

2 or 2þ 119 (46.48%) 65 (46.1%) 54 (46.96%)

% of patients experienced DLT, n (%)

0%–10% 185 (72.55%) 107 (75.89%) 78 (68.42%)

11%–20% 41 (16.08%) 22 (15.6%) 19 (16.67%)

21%–30% 17 (6.67%) 8 (5.67%) 9 (7.89%)

30%þ 12 (4.71%) 4 (2.84%) 8 (7.02%)

Number of patients experience DLT, n (%)

0–10 253 (99.22%) 140 (99.29%) 113 (99.12%)

11–20 1 (0.39%) 0 (0) 1 (0.88%)

20þ 1 (0.39%) 1 (0.71%) 0 (0)

Dose escalation
N= 218

Industry sponsored
N= 121

Academic research
N= 97

Dose-escalation method, n (%)

3þ 3 161 (73.85%) 88 (72.73%) 73 (75.26%)

Titration design 6 (2.75%) 5 (4.13%) 1 (1.03%)

CRM or modified CRM 9 (4.13%) 7 (5.79%) 2 (2.06%)

Time-to-event CRM 5 (2.29%) 3 (2.48%) 2 (2.06%)

BOIN 7 (3.21%) 3 (2.48%) 4 (4.12%)

The rolling six design 6 (2.75%) 3 (2.48%) 3 (3.09%)

mTPI 3 (1.38%) 2 (1.65%) 1(1.03%)

4þ 3 1 (0.46%) 1 (0.83%) 0 (0)

(Continued)
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Table 1. (Continued )

Dose escalation
N= 218

Industry sponsored
N= 121

Academic research
N= 97

4þ 4 1 (0.46%) 0 (0) 1 (1.03%)

5þ 2 dose intensification 1 (0.46%) 0 (0) 1 (1.03%)

Modified Fibonacci design 1 (0.46%) 0 (0) 1 (1.03%)

NA 17 (7.8%) 9 (7.44%) 8 (8.25%)

Number of patients for escalation, n (%)

1–10 28 (12.84%) 16 (13.22%) 12 (12.37%)

11–20 64 (29.36%) 25 (20.66%) 39 (40.21%)

20þ 116 (57.8%) 80 (66.11%) 46 (47.43%)

Number of patients at final dose, n (%)

1–10 185 (84.87%) 103 (85.83%) 82 (88.17%)

10þ 33 (15.13%) 17 (14.17%) 11 (11.83%)

Dose level (top five), n (%)

2 levels 56 (25.69%) 32 (26.45%) 24 (24.74%)

3 levels 53 (24.31%) 26 (21.49%) 27 (27.84%)

4 levels 35 (16.06%) 16 (13.22%) 19 (19.59%)

5 levels 22 (10.09%) 15 (12.4%) 7 (7.22%)

6 levels 20 (9.17%) 12 (9.92%) 8 (8.25%)

Target dose, n (%)

MTD 213 (97.7%) 118 (98.33%) 95 (100%)

OBD 2 (0.92%) 2 (1.67%) 0 (0)

Start dose, n (%)

Lowest 209 (95.87%) 116 (95.87%) 93 (95.88%)

Middle 2 (0.92%) 1 (0.83%) 1 (1.03%)

Highest 7 (3.21%) 4 (3.31%) 3 (3.09%)

MTD, n (%)

Above highest 105 (48.39%) 66 (54.55%) 39 (40.63%)

Middle 59 (27.19%) 29 (23.97%) 30 (31.25%)

Highest 29 (13.36%) 16 (13.22%) 13 (13.54%)

Lowest 19 (8.76%) 9 (7.44%) 10 (10.42%)

Below lowest 5 (2.3%) 1 (0.83%) 4 (4.17%)

Multiple agent escalation, n (%)

Yes 40 (18.87%) 23 (19.66%) 17 (17.89%)

No 172 (81.13%) 94 (80.34%) 78 (82.11%)

Dose expansion
N= 85

Industry sponsored
N= 49

Academic research
N= 36

% of patients had DLT at MTD/OBD, n (%)

0%–10% 67 (78.82%) 35 (71.43%) 32 (88.89%)

11%–20% 4 (4.71%) 4 (8.16%) 0 (0)

20%þ 14 (16.47%) 10 (20.4%) 4 (11.11%)

Number of patients treated at dose expansion, n (%)

1–10 21 (24.71%) 9 (18.37%) 12 (33.33%)

11–20 21 (24.71%) 13 (26.53%) 8 (22.22%)

20þ 43 (50.58%) 27 (55.1%) 16 (44.45%)

DLT = dose-limiting toxicities; CRM = continual reassessment method; BOIN = Bayesian optimal interval; mTPI =modified toxicity probability interval; MTD =maximum tolerated dose; OBD =
optimal biological dose.
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both types of study. There were no significant differences in study
design method (p= 0.58) and the percentage of DLT (p= 0.34)
between industry and academia study (Table 2). Industry-
sponsored studies enrolled more patients in dose-escalation trials
with the benefits of continental cooperation. Industry-sponsored
phase I trials tend to involve multiple sites (72.86%) rather than
perform trials in a single site, compared to 50% multiple sites for
academia-sponsored research (Table 1).

Dose-escalation method

The top 3 most famous methods for dose escalation were
traditional 3þ 3 design, CRM, and BOIN. Most papers assumed
the dose-toxicity relationship was monotonic and increasing.
About 97.7% of selected papers targeted to identify MTD, and
95.9% of papers started at the lowest dose. A total of 48.39% of
dose-escalation trials did not reach theirMTD throughout the trial,
and only 2.3% of trials identified the MTD below the lowest dose
(Table 3). By comparing the dose-escalation methods, we noticed
that there was a significant difference in DLT rate (P< .0001)
(Table 4). Compared to the extent finding in the previous literature
review on phase I trials in oncology [39], the usage of traditional
3þ 3 designs decreased by about 14% (from 88% to 74%), and
more model-based designs and model-assisted designs, such as
CRM and BOIN, were used to seek the toxicity profile of new drugs
or interventions (Table 3).

Discussion

This systematic literature review aims to summarize the character-
istics of phase I clinical trials from 2020 to 2022. The review
focused on the oncology trials with single- or multiple-agent

targeted therapies for single cohort dose escalation and/or dose
expansion. We reported summary statistics of the key design
parameters as a reference for future study design. We also
highlighted the difference between industry sponsored and
academia sponsored in the trial’s sample size, design method,
and number of patients experiencing DLTs. Also, we summarized
the dose-escalation method types, sample size, number of patients
at final dose, and percentage of patients experiencing DLT overall
as well as industry sponsored versus academic sponsored. The
analysis of subgroups revealed that industry-sponsored trials were
more likely to recruit more patients than the trials from academic
institutions. There were approximately 64% of industry-sponsored
trials with at least 20 patients, but only 48% of trials in academic
research. Our data showed a significantly higher percentage of
multiple sites involved in industry-sponsored trials, compared to
the academic research (p= 0.002) (Table 2). The difference
between academic and industry-sponsored studies is expected
because industry studies typically have more resources and
infrastructure to recruit patients than single research centers.
We found an increase in the percentage of academic sponsored
trials among all registered trials globally; this is an improvement
supported by existing literature [40].

Other analyses pointed out the difference in trial sponsorship
linked to dose escalation and dose expansion in treated patients
and the percentage of patients who had DLT at MTD/OBD, which
is consistent with our general findings that industry-sponsored
trials usually have more trials with at least 20 patients in dose
escalation (66.11%), compared to 47.43% among academic
sponsored research. A globalization study to examine the differ-
ence between industry- and non-industry-sponsored clinical trials
pointed out that industry-sponsored trials may have more capacity
to perform extensive trials than academic research [41]. Hence,

Table 2. Association between key characteristics (study design method, percentage of DLT, multiple sites, and study population) with study sponsorship

Industry sponsored
N= 141

Academic research
N= 115 P-value

Study population, n (%) 0.02

0–10 19 (13.48%) 17 (14.78%)

11–20 32 (22.7%) 43 (37.39%)

20þ 90 (63.83%) 55 (47.83%)

Multiple sites, n (%) 0.002

Yes 102 (72.86%) 58 (50.43%)

No 38 (27.14%) 57 (49.57%)

Phase 1 type, n (%) 0.58

Phase 1 (first in human or only had dose escalation) 73 (51.77%) 66 (57.39%)

Phase 1b (single cohort without dose escalation) 20 (14.18%) 19 (16.52%)

Phase ½ (dose escalation followed by randomized phase 2) 17 (12.06%) 10 (8.7%)

Phase 1 with dose expansion (first in human/escalation followed with single cohort
expansion)

31 (21.99%) 20 (17.39%)

% of patients experienced DLT, n (%) 0.34

0%–10% 107 (75.89%) 78 (68.42%)

11%–20% 22 (15.6%) 19 (16.67%)

20%þ 12 (8.51%) 17 (14.91%)

DLT = dose-limiting toxicities.
*Chi-square tests for categorical variables, the significance level is 0.05.
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Table 3. Compare dose-escalation method in phase I clinical trials in oncology from 2020 to 2022

3þ 3 N= 161 CRM N= 14 BOIN N= 7 Titration N= 6 Othera N= 30

Number of patients enrolled for dose escalation, n (%)

1–10 35 (21.88%) 2 (14.29%) 1 (14.29) 3 (50%) 4 (13.33%)

11–20 59 (36.88%) 4 (28.57%) 0 (0) 2 (33.33%) 13 (43.33%)

21–30 37 (23.13%) 6 (42.86%) 1 (14.29) 1 (16.67%) 6 (20%)

30þ 29 (18.13%) 2 (14.29%) 5 (71.43) 0 (0) 7 (23.33%)

Number of patients enrolled for dose expansion, n (%)

1–10 17 (30.91%) 1 (20%) 0 (0) 0 (0) 0 (0)

11–20 9 (16.36%) 0 (0) 2 (66.67%) 0 (0) 3 (42.86%)

21–30 9 (16.36%) 2 (40%) 0 (0) 0 (0) 0 (0)

30þ 20 (36.36%) 2 (40%) 1 (33.33%) 1 (100%) 4 (57.14%)

Start dose, n (%)

Lowest 153 (95.03%) 14 (100%) 7 (100%) 5 (83.33%) 30 (100%)

Middle 2 (1.24%) 0 (0) 0 (0) 0 (0) 0 (0)

Highest 6 (3.73%) 0 (0) 0 (0) 1 (16.67%) 0 (0)

MTD, n (%)

Below lowest 4 (2.5%) 0 (0) 1 (7.14%) 0 (0) 0 (0)

Lowest 17 (10.63%) 0 (0) 1 (7.14%) 0 (0) 1 (3.33%)

Middle 45 (28.13%) 4 (57.14%) 5 (35.71%) 1 (16.67%) 4 (13.33%)

Highest 23 (14.38%) 0 (0) 1 (7.14%) 2 (33.33%) 3 (10%)

Above highest 71 (44.38%) 3 (42.86%) 6 (42.86%) 3 (50%) 22 (73.33%)

Number of patients at final dose, n (%)

1–10 139 (89.1%) 11 (78.57%) 4 (57.14%) 6 (100%) 25 (83.33%)

11–20 14 (8.97%) 2 (14.29%) 1 (14.29%) 0 (0) 4 (13.33%)

21–30 0 (0) 1 (7.14%) 1 (14.29%) 0 (0) 1 (3.33%)

30þ 3 (1.92%) 0 (0) 1 (14.29%) 0 (0) 0 (0)

% of patients experienced DLT, n (%)

0%–10% 106 (65.84%) 9 (64.29%) 6 (85.71%) 5 (83.33%) 25 (86.21%)

11%–20% 33 (20.5%) 1 (7.14%) 0 (0) 1 (16.67%) 4 (13.79%)

21%–30% 12 (7.45%) 3 (21.43%) 0 (0) 0 (0) 0 (0)

30%þ 10 (6.21%) 1 (7.14%) 1 (14.29%) 0 (0) 0 (0)

Number of dose levels, n (%)

Less or equal to 5 122 (75.78%) 8 (57.14%) 6 (85.71%) 6 (100%) 26 (85.67%)

More than 5 39 (24.22%) 6 (42.86%) 1 (14.29%) 0 (0) 4 (13.33%)

CRM = continual reassessment method; BOIN = Bayesian optimal interval; MTD = maximum tolerated dose; DLT = dose-limiting toxicities.
a“other” category includes rolling six design, mTPI, 4þ 3 design, 4þ 4 design, 5þ 2 dose intensification, modified Fibonacci design, and designs without information.

Table 4. Association between dose-escalation study design method and percentage of DLT

3þ 3 N= 161 CRM N= 14 BOIN N= 7 Titration N= 6 Othera N= 30 P-value

% of patients experienced DLT, n (%) < 0.0001*

0%–10% 106 (65.84%) 9 (64.29%) 6 (85.71%) 5 (83.33%) 25 (86.21%)

11%–20% 33 (20.5%) 1 (7.14%) 0 (0) 1 (16.67%) 4 (13.79%)

21%–30% 12 (7.45%) 3 (21.43%) 0 (0) 0 (0) 0 (0)

30%þ 10 (6.21%) 1 (7.14%) 1 (14.29%) 0 (0) 0 (0)

DLT = dose-limiting toxicities. CRM = continual reassessment method; BOIN = Bayesian optimal interval.
*Fisher’s exact test for categorical variables, the significance level is 0.05
a“other” category includes rolling six design, mTPI, 4þ 3 design, 4þ 4 design, 5þ 2 dose intensification, modified Fibonacci design, and designs without information.
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according to phase I clinical trials, industry-sponsored trials may
have more dose levels than of academic research; dose levels would
be an important confounder in comparing the number of patients
enrolled across different sponsorships. While other features in
escalation and expansion among academic and industry-spon-
sored trials remain constant, further studies should be carried out
for better comparison in key features. Comparing the percentage of
patients experienced aimed to describe the difference among dose-
escalation methods. It might not be appropriate to simply compare
the rate because the predetermined rate of DLT for CRM usually
ranged from 20% to 30% and the rate of DLT to defineMTD for the
3þ 3 method was usually one patient out of six patients [42].

The traditional 3þ 3 method in phase I clinical trials in
oncology still dominated and functioned well in the real world.
However, incorporating newer techniques, methodologies, and
patient-centered approaches or increasing the number of patients
in the trials has the potential to improve traditional algorithm-
based designs [10]. Even though model-based designs developed
late, the approach has already had a breakthrough theoretically.
The implementation of model-based designs has several barriers
that include time constraints, lack of statistical resources, limited
practical models or examples from previous publications, and few
funding [43].

In conclusion, phase I clinical trial designs in oncology should
be promoted, and model-based designs should be implemented
widely in the dose-escalation approach. Our analysis did not
include trials for which we only had access to abstracts but not to
full texts, which might introduce selection bias. The period for the
phase I clinical trials publication date was only from 2020 to 2022,
which may be too short to reveal trends. It also overlapped the
COVID-19 global pandemic when the majority of phase I clinical
trials were dedicated to developing the anti-coronavirus treatment
or vaccines, resulting in the paucity of phase I clinical trials for
oncology compare to the last two decades. Thus, this study should
encourage further analysis of the complete picture of the phase I
clinical trials’ features and distribution in oncology.

Author contributions. Ning Li: collection of data, conduct and interpretation
of analysis, the drafting the manuscript. Xitong Zhou: collection of data.
Donglin Yan: contribution to data validation, conception and design analysis,
drafting the manuscript. During the preparation of this work, the authors used
CHAT_GPT 3.5 in order to improve readability and language. After using this
tool, the authors reviewed and edited the content as needed and took full
responsibility for the content of the publication.

Funding statement. None.

Competing interests. None.

References

1. DCTDN,NIH. DHHSCommonTerminologyCriteria for Adverse Events.
0130, 2024. Accessed January 30, 2024.

2. Iasonos A, Zohar S, O’Quigley J. Incorporating lower grade toxicity
information into dose finding designs. Clin Trials. 2011;8(4):370–379. doi:
10.1177/1740774511410732.

3. Iasonos A, Wilton AS, Riedel ER, Seshan VE, Spriggs DR. A
comprehensive comparison of the continual reassessment method to the
standard 3þ 3 dose escalation scheme in phase I dose-finding studies. Clin
Trials. 2008;5(5):465–477. doi: 10.1177/1740774508096474.

4. Le Tourneau C, Lee JJ, Siu LL. Dose escalation methods in phase I cancer
clinical trials. J Natl Cancer Inst. 2009;101(10):708–720. doi: 10.1093/jnci/
djp079.

5. Simon R, Freidlin B, Rubinstein L, Arbuck SG, Collins J, Christian MC.
Accelerated titration designs for phase I clinical trials in oncology. J Natl
Cancer Inst. 1997;89(15):1138–1147. doi: 10.1093/jnci/89.15.1138.

6. DurhamSD, FlournoyN, RosenbergerWF.A randomwalk rule for phase
I clinical trials. Biometrics. 1997;53(2):745–760.

7. Ivanova A, Montazer-Haghighi A, Mohanty SG, Durham SD. Improved
up-and-down designs for phase I trials. StatMed. 2003;22(1):69–82. doi: 10.
1002/sim.1336.

8. Stylianou M, Follmann DA. The accelerated biased coin up-and-down
design in phase I trials. J Biopharm Stat. 2004;14(1):249–260. doi: 10.1081/
bip-120028518.

9. Ivy SP, Siu LL, Garrett-Mayer E, Rubinstein L. Approaches to phase 1
clinical trial design focused on safety, efficiency, and selected patient
populations: a report from the clinical trial design task force of the National
Cancer Institute Investigational Drug Steering Committee.Clin Cancer Res.
2010;16(6):1726–1736. doi: 10.1158/1078-0432.CCR-09-1961.

10. Kurzrock R, Lin CC,Wu TC, Hobbs BP, Pestana RM, Hong DS.Moving
beyond 3þ3: the future of clinical trial design. Am Soc Clin Oncol Educ
Book. 2021;41(41):e133–e144. doi: 10.1200/EDBK_319783.

11. O’Quigley J, PepeM, Fisher L.Continual reassessment method: a practical
design for phase 1 clinical trials in cancer. Biometrics. 1990;46(1):33–48.

12. Babb J, Rogatko A, Zacks S. Cancer phase I clinical trials: efficient dose
escalationwith overdose control. StatMed. 1998;17(10):1103–1120. doi: 10.
1002/(sici)1097-0258(19980530)17:.

13. Cheung YK, Chappell R. Sequential designs for phase I clinical trials with
late-onset toxicities. Biometrics. 2000;56(4):1177–1182. doi: 10.1111/j.
0006-341x.2000 1177.

14. Yin G, Yuan Y. Bayesian model averaging continual reassessment method
in phase I clinical trials. J Am Stat Assoc. 2009;104(487):954–968. doi: 10.
1198/jasa.2009.ap08425.

15. Wages NA, Conaway MR, O’Quigley J. Continual reassessment method
for partial ordering.Biometrics. 2011;67(4):1555–1563. doi: 10.1111/j.1541-
0420.2011.01560.x.

16. Yan D, Tait C, Wages NA, Kindwall-Keller T, Dressler EV.
Generalization of the time-to-event continual reassessment method to
bivariate outcomes. J Biopharm Stat. 2019;29(4):635–647. doi: 10.1080/
10543406.2019.1634087.

17. Braun TM. The bivariate continual reassessment method. extending the
CRM to phase I trials of two competing outcomes. Control Clin Trials.
2002;23(3):240–256. doi: 10.1016/s0197-2456(01)00205-7.

18. Cheung Y. Dose Finding by the Continual Reassessment Method. 1st ed.
(Chow SC, ed.). Boca Raton, USA: Chapman and Hall/CRC, 2011. doi: 10.
1201/b10783.

19. A quick guide why not to use AþB designs Adaptive Designs [Internet].
Adaptive DesignsWorking Group (ADWG) of the MRCNetwork of Hubs
for Trials Methodology Research. 01/18/2024. https://methodologyhubs.
mrc.ac.uk/files/6814/6253/2385/A_quick_guide_why_not_to_use_AB_de
signs.pdf. Accessed January 18, 2024.

20. Rogatko A, Schoeneck D, Jonas W, Tighiouart M, Khuri FR, Porter A.
Translation of innovative designs into phase I trials. J Clin Oncol.
2007;25(31):4982–4986. doi: 10.1200/JCO.2007.12.1012.

21. Chiuzan C, Shtaynberger J, Manji GA, et al. Dose-finding designs for
trials of molecularly targeted agents and immunotherapies. J Biopharm
Stat. 2017;27(3):477–494. doi: 10.1080/10543406.2017.

22. Lin R, Yuan Y. Time-to-event model-assisted designs for dose-finding
trials with delayed toxicity. Biostatistics. 2020;21(4):807–824. doi: 10.1093/
biostatistics/kxz007.

23. Yuan Y, Lee JJ, Hilsenbeck SG. Model-assisted designs for early-phase
clinical trials: simplicity meets superiority. JCO Precision Oncology.
2019;(3):1–12. doi:10.1200/PO.19.00032.

24. ZhouH,Murray TA, PanH, YuanY.Comparative review of novel model-
assisted designs for phase I clinical trials. StatMed. 2018;37(14):2208–2222.
doi: 10.1002/sim.7674.

25. Yan F, Mandrekar SJ, Yuan Y. Keyboard: a novel bayesian toxicity
probability interval design for phase I clinical trials. Clin Cancer Res.
2017;23(15):3994–4003. doi: 10.1158/1078-0432.Ccr-17-0220.

26. Yuan Y, Hess KR, Hilsenbeck SG, Gilbert MR. Bayesian optimal interval
design: a simple and well-performing design for phase I oncology trials.

8 Li et al.

https://doi.org/10.1017/cts.2024.599 Published online by Cambridge University Press

https://doi.org/10.1177/1740774511410732
https://doi.org/10.1177/1740774508096474
https://doi.org/10.1093/jnci/djp079
https://doi.org/10.1093/jnci/djp079
https://doi.org/10.1093/jnci/89.15.1138
https://doi.org/10.1002/sim.1336
https://doi.org/10.1002/sim.1336
https://doi.org/10.1081/bip-120028518
https://doi.org/10.1081/bip-120028518
https://doi.org/10.1158/1078-0432.CCR-09-1961
https://doi.org/10.1200/EDBK_319783
https://doi.org/10.1002/(sici)1097-0258(19980530)17:
https://doi.org/10.1002/(sici)1097-0258(19980530)17:
https://doi.org/10.1111/j.0006-341x.2000
https://doi.org/10.1111/j.0006-341x.2000
https://doi.org/10.1198/jasa.2009.ap08425
https://doi.org/10.1198/jasa.2009.ap08425
https://doi.org/10.1111/j.1541-0420.2011.01560.x
https://doi.org/10.1111/j.1541-0420.2011.01560.x
https://doi.org/10.1080/10543406.2019.1634087
https://doi.org/10.1080/10543406.2019.1634087
https://doi.org/10.1016/s0197-2456(01)00205-7
https://doi.org/10.1201/b10783
https://doi.org/10.1201/b10783
https://methodologyhubs.mrc.ac.uk/files/6814/6253/2385/A_quick_guide_why_not_to_use_AB_designs.pdf
https://methodologyhubs.mrc.ac.uk/files/6814/6253/2385/A_quick_guide_why_not_to_use_AB_designs.pdf
https://methodologyhubs.mrc.ac.uk/files/6814/6253/2385/A_quick_guide_why_not_to_use_AB_designs.pdf
https://doi.org/10.1200/JCO.2007.12.1012
https://doi.org/10.1080/10543406.2017
https://doi.org/10.1093/biostatistics/kxz007
https://doi.org/10.1093/biostatistics/kxz007
https://doi.org/10.1200/PO.19.00032
https://doi.org/10.1002/sim.7674
https://doi.org/10.1158/1078-0432.Ccr-17-0220
https://doi.org/10.1017/cts.2024.599


Clin Cancer Res. 2016;22(17):4291–4301. doi: 10.1158/1078-0432.Ccr-16-
0592.

27. Liu S, Yuan Y. Bayesian optimal interval designs for phase I clinical trials.
J Royal Stat Soc Series C. 2015;64(3):507–523. doi: 10.1111/rssc.12089.

28. Ji Y, Liu P, Li Y, Bekele BN. A modified toxicity probability interval
method for dose-finding trials. Clin Trials. 2010;7(6):653–663. doi: 10.
1177/1740774510382799.

29. Zhou H, Yuan Y, Accuracy Nie L. Safety, and reliability of novel phase I
trial designs. Clin Cancer Res. 2018;24(18):4357–4364. doi: 10.1158/1078-
0432.Ccr-18-0168.

30. Ruppert AS, ShobenAB.Overall success rate of a safe and efficacious drug:
results using six phase 1 designs, each followed by standard phase 2 and 3
designs. Contemp Clin Trials Commun. 2018;12:40–50. doi: 10.1016/j.co
nctc.2018.08.010.

31. Lin R, Yin G. Bayesian optimal interval design for dose finding in drug-
combination trials. Stat Methods Med Res. 2017;26(5):2155–2167. doi: 10.
1177/0962280215594494.

32. Yuan Y, Lin R, Li D, Nie L, Warren KE. Time-to-event Bayesian optimal
interval design to accelerate phase I trials. Clin Cancer Res.
2018;24(20):4921–4930. doi: 10.1158/1078-0432.Ccr-18-0246.

33. Takeda K, TaguriM,Morita SBOIN-ET. Bayesian optimal interval design
for dose finding based on both efficacy and toxicity outcomes. Pharm Stat.
2018;17(4):383–395. doi: 10.1002/pst.1864.

34. Lin R, Yin G. STEIN: a simple toxicity and efficacy interval design for
seamless phase I/II clinical trials. StatMed. 2017;36(26):4106–4120. doi: 10.
1002/sim.7428.

35. Araujo D, Greystoke A, Bates S, et al. Oncology phase I trial design and
conduct: time for a change - mDICT guidelines 2022. Ann Oncol.
2023;34(1):48–60. doi: 10.1016/j.annonc.2022.09.158.

36. Wong KM, Capasso A, Eckhardt SG. The changing landscape of phase I
trials in oncology. Nat Rev Clin Oncol. 2016;13(2):106–117. doi: 10.1038/
nrclinonc.2015.194.

37. Agresti A. On logit confidence intervals for the odds ratio with small
samples. Biometrics. 1999;55(2):597–602. doi: 10.1111/j.0006-341x.1999.
00597.x.

38. Gart JJ, Zweifel JR. On the bias of various estimators of the logit and its
variancewith application to quantal bioassay.Biometrika. 1967;54(1):181–187.

39. Riviere MK, Le Tourneau C, Paoletti X, Dubois F, Zohar S. Designs of
drug-combination phase I trials in oncology: a systematic review of the
literature. Ann Oncol. 2015;26(4):669–674. doi: 10.1093/annonc/mdu516.

40. Di Tonno D, Perlin C, Loiacono AC, et al. Trends of phase I clinical trials
in the latest ten years across five european countries. Int J Environ Res
Public Health. 2022;19(21):14023. doi: 10.3390/ijerph192114023.

41. Atal I, Trinquart L, Porcher R, Ravaud P. Differential globalization of
industry- and Non-industry-sponsored clinical trials. PLoS One.
2015;10(12):e0145122. doi: 10.1371/journal.pone.

42. Paoletti X, Ezzalfani M, Le Tourneau C. Statistical controversies in
clinical research: requiem for the 3þ 3 design for phase I trials. Ann Oncol.
2015;26(9):1808–1812. doi: 10.1093/annonc/mdv266.

43. Love SB, Brown S, Weir CJ, et al. Embracing model-based designs for
dose-finding trials. Br J Cancer. 2017;117(3):332–339. doi: 10.1038/bjc.
2017.186.

Journal of Clinical and Translational Science 9

https://doi.org/10.1017/cts.2024.599 Published online by Cambridge University Press

https://doi.org/10.1158/1078-0432.Ccr-16-0592
https://doi.org/10.1158/1078-0432.Ccr-16-0592
https://doi.org/10.1111/rssc.12089
https://doi.org/10.1177/1740774510382799
https://doi.org/10.1177/1740774510382799
https://doi.org/10.1158/1078-0432.Ccr-18-0168
https://doi.org/10.1158/1078-0432.Ccr-18-0168
https://doi.org/10.1016/j.conctc.2018.08.010
https://doi.org/10.1016/j.conctc.2018.08.010
https://doi.org/10.1177/0962280215594494
https://doi.org/10.1177/0962280215594494
https://doi.org/10.1158/1078-0432.Ccr-18-0246
https://doi.org/10.1002/pst.1864
https://doi.org/10.1002/sim.7428
https://doi.org/10.1002/sim.7428
https://doi.org/10.1016/j.annonc.2022.09.158
https://doi.org/10.1038/nrclinonc.2015.194
https://doi.org/10.1038/nrclinonc.2015.194
https://doi.org/10.1111/j.0006-341x.1999.00597.x
https://doi.org/10.1111/j.0006-341x.1999.00597.x
https://doi.org/10.1093/annonc/mdu516
https://doi.org/10.3390/ijerph192114023
https://doi.org/10.1371/journal.pone
https://doi.org/10.1093/annonc/mdv266
https://doi.org/10.1038/bjc.2017.186
https://doi.org/10.1038/bjc.2017.186
https://doi.org/10.1017/cts.2024.599

	Phase I clinical trial designs in oncology: A systematic literature review from 2020 to 2022
	Introduction
	Methods
	Search strategy
	Inclusion and exclusion criteria
	Data acquisition and validation

	Results
	Industry study vs. academia study
	Dose-escalation method

	Discussion
	References


