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Abstract

Clinical trials are studies to test new treatments in humans. Typically, these treatments are
evaluated over several phases to assess their safety and efficacy. Phase I trials are designed to
evaluate the safety and tolerability of a new treatment, typically with a small number of patients
(e.g., 20-80), generally spread across several dose levels. Phase 11 trials are designed to determine
if the new treatment has sufficiently promising efficacy to warrant further investigation in a
large-scale randomized phase |11 trial, as well as to further assess safety. These studies usually
involve a few hundred patients. This article provides an overview of some of the most commonly
used phase Il designs for clinical trials and emphasize their critical elements and considerations.
Key references to some of the most commonly used phase 11 designs are given to allow the reader
to explore at more detail the critical aspects when planning a phase Il trial. A comparison of three
potential designs in the context of the NRG-HNOO2 trial is presented to complement the discussion
about phase Il trials.

Introduction

Clinical trials are studies to test new treatments in humans. Typically, these treatments

are evaluated over several phases to assess their safety and efficacy. Phase | trials are
designed to evaluate the safety and tolerability of a new treatment, typically with a small
number of patients (e.g., 20-80), generally spread across several dose levels. Phase 11

trials are designed to determine if the new treatment has sufficiently promising efficacy

to warrant further investigation in a large-scale randomized phase 111 trial, as well as to
further assess safety. These studies usually involve a few hundred patients. According to the
FDA, approximately 33% of drugs in phase Il move to the next phase.! Phase Il trials also
generate insights on adverse events and their management, the types of cancer in which the
treatment is effective, and the best regimen for future use in a later phase, depending on the
trial design.2:3 Phase 111 trials are conducted to obtain definitive evidence on the comparative
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efficacy (and safety) of a new therapy in comparison to the current standard-of-care. There
are several examples in the literature of promising efficacy or safety results from phase 1l
trials that were not confirmed in subsequent phase 111 trials.*

The development of new therapeutic options in cancer and other diseases has led to
innovative designs that combine the phases of a clinical trial to maximize the efficiency (i.e.,
cost and time) of discovery. The traditional phase I-11-111 paradigm in clinical trials is no
longer clear-cut. Many contemporary phase | trials incorporate dose-expansion cohorts with
a few dozens of patients once the maximum tolerated dose or the optimal biological dose is
established to assess toxicity further and obtain preliminary efficacy evidence.® These early
phase trials with dose-expansion cohorts resemble single-arm phase 1 trials discussed later.
Phase I/11 trials incorporating toxicity and efficacy endpoints, such as the EffTox, BOIN12,
and TITE-BOIN12 designs, have been commonly used across several therapeutic areas.®”
Likewise, seamless phase 11/111 designs that reduce the time to transition to confirmatory
phase 111 trials have also been extensively used. Many trials, especially those involving
radiation therapy, evaluate regimens combining drugs with radiation and possibly surgery,
looking for superiority in outcomes, while others assess de-intensification therapies with
non-inferiority designs in diseases with a good prognaosis.

The main goal of this manuscript is to provide an overview of some of the most
commonly used phase Il designs and emphasize their critical elements and considerations.
Some authors have listed the key factors to consider in a phase 11 design®: therapeutic
considerations (e.g., cytotoxic, cytostatic, immunotherapy, combination therapy, biomarker
dependent), trial aim (e.g., treatment selection or “go/no-go” decision for phase 11), the
outcome of interest (e.g., binary or time-to-event endpoint), characteristics of the design
(e.g., randomization, stages, etc.), and other practical considerations such as early stopping
for futility, availability of previous data, among others. Instead of providing a list of key
design considerations, which are intertwined, they are addressed in the discussions of the
designs. A comparison of three potential designs in the context of the NRG-HNOO2 trial is
presented to complement the discussion about phase Il trials.

Endpoints of Phase Il Trials

Phase Il trials are designed to assess if a treatment has sufficient activity or promise of
efficacy or if it provides another benefit to warrant further investigation in a definitive
phase I1I trial. Efficacy in phase Il trials could be assessed using the same phase Il
endpoint when feasible or a validated surrogate endpoint such as tumor response, a time-to-
event endpoint, or a biomarker.? A common feature of phase |1 primary endpoints is their
ability to be assessed quickly. Traditionally, single-arm phase 11 oncology trials with single
novel cytotoxic agents have used tumor response assessed using the Response Evaluation
Criteria in Solid Tumors (RECIST) as the primary endpoint.1? The proportion of best
overall complete and partial responses, called objective response rate (ORR), is often the
primary measure of efficacy. However, response as the primary endpoint in phase Il trials
may not appropriate for combination therapies and molecularly targeted agents, which can
have significant disease control manifested through mechanisms not captured by disease
response.
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Due to the questionable utility of tumor response assessment in contemporary oncology
clinical trials, progression-free survival (PFS) has become a commonly preferred primary
endpoint in phase 11 trials.11:12 In randomized trials, PFS is defined as the time from
randomization to disease progression or death of any cause. The definition of disease
progression, including what constitutes a failure and how to assess progression, needs to be
included in the trial protocol. The use of PFS is beneficial for several reasons, including the
need for a shorter follow-up than with an OS endpoint and the fact that salvage therapies or
supportive care measures post progression do not dilute the PFS treatment effect. Because
there are naturally more PFS than OS events, PFS-based studies typically require smaller
sample sizes and can be completed faster. Of course, OS could also be used in diseases
with poor prognosis, diseases lacking salvage therapies, or if the PFS cannot reliably be
measured. For instance, OS was the primary endpoint in NRG/RTOG 0912 (NCT01236547).
This trial tested the addition of pazopanib to intensity-modulated radiation therapy plus
paclitaxel in anaplastic thyroid cancer, a disease with a median OS of about seven months
(2-year OS 12.9%) for patients treated with the standard therapy.13 There are other time-to-
event endpoints closely related to PFS, such as disease-free survival (DFS) and event-free
survival (EFS).1# DFS is typically used in post-operative phase Il head and neck trials with
adjuvant therapies combined with radiation. It captures the length of time after a patient
survives without any signs or symptoms of the disease after surgery. For example, DFS

is the phase Il primary endpoint of NRG/RTOG 1216 (NCT01810913), a phase II/111 trial
comparing two experimental arms combining radiation and cetuximab plus docetaxel or
cisplatin plus atezolizumab against the standard chemoradiotherapy. DFS is also used in
non-post-operative trials. Finally, when the primary benefit of a new therapy is local disease
control, such as in some radiation trials, locoregional control (LRC) could be an appropriate
phase 11 primary endpoint.1®

Alternative primary endpoints such as patient-reported outcome quality of life (PRO/QOL)
or toxicity are becoming more common, particularly in seamless phase I1/111 clinical
trials.%16 These endpoints are often used in non-inferiority trials where improved clinical
outcomes from the new intervention are not typically expected. Instead, the focus is on
benefits to patients that may include better PRO/QOL, fewer toxicities, symptoms, or
costs associated with the new therapy. In general, other secondary endpoints in phase Il
trials, such as toxicity, biomarkers, PRO/QOL, tolerability, treatment compliance, efficacy
measures (e.g., distant metastasis, LRC), are encouraged to help with the interpretation of
the trial results.

Non-randomized Trials

A. Single-arm Trials—In single-arm trials with one stage, eligible patients receive the
new intervention, and the primary endpoint analysis is only done at the end of the trial,

i.e., no protocol-specified interim futility or efficacy analyses are incorporated into the
design. However, a critical element of a phase Il trial is that it should minimize the number
of patients exposed to ineffective or overly toxic treatments. Therefore, often phase Il
designs include a planned interim futility analysis to determine whether the trial is unlikely
to recommend the new treatment for further testing.1’ In general, single-arm trials that
include an interim futility (or efficacy) analysis use a two-stage design. Investigators need
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to examine the inclusion of a futility rule as it could have a non-trivial impact on the power
of the trial. Unlike phase I1I trials, early stopping due efficacy is discouraged in phase Il
trials due to the small sample size and high uncertainty around the trial results. Other early
stopping rules based on key secondary endpoints such as toxicity, tolerability, or treatment
compliance can also be incorporated into a phase 1l trial design.

Traditionally, two-stage single-arm phase |1 trials have been used to assess the activity and
toxicity of new single agents. There are several two-stage designs for phase 11 trials18:19,
Simon’s design is a popular option that minimizes exposure of too many patients to
ineffective and perhaps too toxic agents20. A relatively small number of patients (e.g., <30)
are enrolled in the trial and receive the new agent in the first stage. At the end of the first
stage, the analysis is an interim futility look to rule out ineffective agents earlier in the
trial. After assessing the primary endpoint, typically tumor response using the RECIST in
oncology19, a decision based on the number of responses at the end of this stage is made
either to stop the trial and declare the new treatment ineffective or to continue enrolling
additional patients in the second stage. For the later, the conclusion on the activity of the
new agent is made based on the number of responses at the end of the second stage.

While historical control data are often used to design phase I trials, it is essential to
recognize several key limitations of this approach. The interpretation of the trial results
against historical data can be quite challenging due to potential differences in populations,
the current standard-of-care, or the frequency or method of disease assessments.18 In

the case of uncertain applicability of historical outcomes to the population under study,
investigators should avoid using time-to-event primary endpoints, such as PFS or OS. Using
the PFS rate at a pre-specified time (e.g., 2-year PFS) could help to reduce bias due to
differential assessments between the trial and historical controls. Still, this approach is
statistically inefficient compared to time-to-event PFS calculations (i.e., it usually requires
a larger sample size).18 The optimal use of historical controls, synthetic historical controls,
and real-world data and evidence is an active research area.21-22 There has been an explosion
of methods and designs using various strategies, such as combining data from different
sources that seek to minimize bias from historical controls.2324

Despite the caveats of single-arm phase 11 trials, these designs are broadly used and
sometimes are the most feasible alternative. A controlled randomized phase Il trial, ideal
in many scenarios, is not always possible, particularly in rare diseases or single-institution
trials.2> In some rare diseases, where there is no standard of care, or clinical outcomes

are poor, randomizing patients in a controlled phase Il trial could be problematic. Some
strategies such as unequal randomization could help in these situations, but they could

be insufficient to enhance trial participation—these following references discuss additional
considerations when designing single-arm phase 11 trials.26-28 Finally, other types of trials
use single-arm designs, such as window-of-opportunity trials that aim to assess a treatment
before definitive therapy and basket trials that assess a new drug or drug combination

in multiple disease populations or tumor types (“the basket™).2%-31 Basket trials can be
conducted using a randomized design.
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B. Non-comparative Randomized Trials—In non-comparative randomized trials
(NCRT), patients are randomized to two or more experimental arms. A concurrent control
arm is not included in this design. These designs are closely related to “selection designs,”

in which the arm with the highest observed response rate is selected for further study.18:32 In
an NCRT, each experimental arm is strictly compared against historical controls, either using
patient-level data or a benchmark. In this respect, NCRT’s resemble multiple single-arm
trials. As a consequence, they inherit the same shortcomings from single-arm trials discussed
in the previous section. In addition, NCRT’s are powered to compare each experimental

arm against historical controls, so they are not structured to statistically compare the
experimental arms with each other.

The NRG-HNOO2 trial is an example of a phase |1 study that used this design.33 This
non-inferiority phase Il trial aimed to select a de-intensification arm for further testing in a
definitive trial. The primary endpoint was 2-year PFS. The source of the historical control
data was a randomized phase 111 multicenter trial, NRG/RTOG 0522 (NCT00265941),
conducted by the same NCI’s National Clinical Trials Network (NCTN) group (formerly
referred to as a cooperative group). The findings in NRG-HNO0O02 informed the design of

its successor trial, NRG-HN005 (NCT03952585)33. As a result, a de-intensification regimen
with a lower radiation dose plus cisplatin is now being compared against the standard
chemoradiation in NRG-HNOOS. This is a randomized phase 11/111 non-inferiority trial that
was proposed to determine if either or both of two reduced-dose radiation regimens (60

Gy radiation plus cisplatin or Nivolumab) are non-inferior to the standard chemoradiation
therapy (70 Gy radiation plus cisplatin) in the same target population as in NRG-HNOO2.
PFS (time-to-event) is the primary endpoint in phase 2. For the phase 3 portion, PFS and
MD Anderson Dysphagia Inventory (MDADI) score at 1-year post-IMRT are coprimary
endpoints. It is worth mentioning that the randomized phase Il in NRG-HNOOS5 is being used
to determine if either or both of the two de-escalation regimens warrant further evaluation in
the definitive randomized phase 111 portion based based on preliminary efficacy and quality
of life outcomes,.

Comparative Randomized Phase Il Trials

Randomization aims at balancing the prognostic factors (both known and unknown) between
treatment arms. It also provides the proper framework to draw causal inferences. There

is a consensus that controlled randomized trials are the “gold standard” to establish a
signal of treatment benefit in phase Il trials prior to proceeding with a definitive phase 111
trial2’. Expert consensus is particularly united on the utility of this randomized phase 11

to phase Il pathway for trials with time-to-event endpoints, disease processes with unclear
natural histories, and those with biomarker-guided designs. This idea of conducting small,
randomized phase 1l trials to obtain non-definitive evidence of an experimental regimen
against a standard therapy was initially called “randomized phase 11 screening trials.”32
Some authors have criticized the use of randomization in phase Il trials, arguing that

the selection of patients more likely to benefit from therapy should be the aim instead

of randomizing a heterogeneous cohort of patients to treatment groups.28 However, these
concerns can be addressed using better designs, such as biomarker-enrichment approaches,
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which include randomization.34-38A thorough discussion on the use of randomization in
phase |1 trials can be found in Grayling et al.2”

Randomized phase Il trials usually incorporate an interim futility analysis. As an example
of a simple futility rule, NRG-HNOO04, a randomized phase I1/111 trial comparing IMRT
plus durvalumab against IMRT plus cetuximab (control arm) in cisplatin-ineligible head
and neck cancer patients (NCT03258554), included an interim futility analysis in phase

|1 after 50% of the required PFS events transpired3°: If the observed hazard ratio is > 1,
favoring the control arm, then early stopping is considered, with the conclusion being that
the new regimen would not be a candidate for further evaluation in phase I11. Futility rules
in randomized phase 11 trials can be beneficial for early identification of treatment regimens
that should not move forward, saving time and resources; however, careful consideration
needs to be given to the futility rule and its timing to minimize the risk of an erroneous
conclusion.

IV. Sample size and characteristics of a non-comparative, randomized trial vs. controlled,
randomized trials: the NRG-HNOO2 case

The NRG-HNOO?2 trial is an ideal framework to discuss potential alternative phase Il designs
that could have achieved the same goal of selecting a de-intensification therapy for a
subsequent definitive non-inferiority trial. Three options will be discussed: the original
NRG-HNO002 design33 with a minor modification and two alternative controlled randomized
designs. In NRG-HNO002, an estimate of the 2-year PFS rate for the target population with
the standard chemoradiation was 91%, based on historical data from NRG/RTOG 0522. The
protocol specifies that a 2-year PFS less than 85% for a de-intensification regimen would be
considered unacceptable.

* Scenario 1 - A two-arm non-comparative randomized trial (NCRT) with 2-
year PFS endpoint (NRG-HN0O2 design with a chi-square test for a single
proportion instead of an exact binomial test): Following the non-inferiority criteria
established in this trial, the null hypothesis Hywith a de-intensification regimen states

that 2-year PFS < 85% and the alternative hypothesis H; that 2-year PFS > 85%, with a
targeted rate of 91% based on historical controls. This design involves the comparison of
the two de-escalation regimens against the historical controls using a performance criterion
approach.*9 A significant caveat of using a point estimate based on historical controls is
that the uncertainty around this number is effectively ignored26. If Hy is rejected, then the
2-year PFS for a de-intensified IMRT arm is deemed acceptable for further evaluation. With
one-sided a.=0.10 and 80% power for each comparison, an NCRT would need 272 patients
overall (136/arm) using a chi-square test for one proportion. Assuming a projected accrual of
15 patients/month, the trial duration, including accrual and follow-up for primary endpoint
assessment, with this design is projected to be 3.5 years.

* Scenario 2 - A three-arm controlled randomized trial (CRT), using a non-
inferiority (NI) design with 2-year PFS endpoint: This design dictates that a de-
intensification regimen arm would be non-inferior to the concurrent control arm if the
difference in 2-year PFS rates between the control and a de-intensification arm is less than
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6%. This design involves the comparison of the two de-intensification regimens against the
concurrent control arm using 2-year PFS endpoint. That is, the null hypothesis is that the
2-year PFS probability for the de-intensification is at least 6% worse (i.e., inferior) than the
control regimen, and the alternative hypothesis is that the 2-year PFS probability for the
deintensification arm is no more than 6% worse than the control regimen (i.e., non-inferior)
If the upper limit of a two-sided 80% confidence interval (Cl) for the difference in 2-year
PFS rates between de-intensification and control arms, based on the normal distribution
approximation, is less than 6%, then a de-intensified IMRT arm is declared non-inferior
and will move to further testing.# This design would have required 618 patients overall
(206/arm and 412/comparison of each experimental arm against the concurrent control arm).
The trial duration is projected to be 5.4 years.

» Scenario 3 - A three-arm controlled randomized trial (CRT), NI design with
PFS endpoint: Instead of using 2-year PFS (i.e., binary outcome), this design uses PFS,
a time-to-event endpoint. We use the same 2-year PFS rates for the control arm (91%) to
derive the NI margin based on the hazard ratio (HR) for PFS. A de-intensified IMRT arm
would still be considered non-inferior to the control arm if 2-year PFS absolute difference
is less than 6% (i.e., <85%). Under the exponential assumption distribution on PFS rates,
the previous absolute difference in 2-year PFS rates translates into an HR(experimental/
control)=1.72, the NI margin to test the NI hypothesis on PFS between a de-intensification
therapy and the control arm. The hypothesis testing for each comparison is done using a
two-sided 80% CI for the HR(experimental/control) based on a Cox proportional hazards
model with the treatment arm as a covariate.*! This design would have required 540 patients
overall (180/arm and 360/comparison). The trial duration is projected to be 5.4 years. Note
that this design requires fewer patients for the same trial duration as for the fixed time point
(2-year PFS) design. Conversely, if 618 patients were used in the design with PFS, the trial
duration would be shorter than the fixed time point (2-year PFS) design (61.7 months).

Table 1 displays some of the main elements of the three designs considered above. These
results suggest that the required number of patients and duration of the randomized
controlled trials compared to the NCRT is almost double. Nonetheless, randomized
controlled trials are more likely to provide reliable information on the treatment effect,

as they are not hampered by the potential biases of single-arm phase Il trials. These

biases could arise from changes in the standard-of-care, differences in disease assessments
(follow-up schedule and techniques), or changing patients’ characteristics in the trial versus
historical controls. The sample size alone should not be used to make a final decision on the
design of a trial. Other considerations, particularly the appropriateness of historical control
data, are crucial, as previously discussed. It is essential to highlight that this exercise was
done in the context of a NI trial with specific PFS rates for the target population and a set of
assumptions. Therefore, these differences in sample sizes between the NCRT and the CRT
alternatives are likely to differ in other scenarios; for instance, they might be less remarkable
in the context of a phase Il superiority trial.

When NRG-HNO002 was designed approximately eight years ago, an NCRT was deemed
appropriate and the most feasible option to select a de-intensification arm for further
evaluation in a subsequent phase 11 trial. The available historical data from a multicenter
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phase I11 trial was considered appropriate to establish a performance criterion for the 2-year
PFS for the de-intensification arms. However, the importance of critically assessing the
appropriateness of using historical control data in an NCRT design cannot be emphasized
enough. Moreover, if this trial were designed today, it most likely would have been a
randomized phase 1I/111 trial with a concurrent control arm.

V. Beyond the conventional randomized phase Il trial

Phase Il clinical trials now play a more diverse role in the search for new therapies.
Efficient strategies such as seamless phase 11/111 designs have been adopted across
different therapeutic areas*2. For example, NRG/RTOG 1216 (NCT01810913), NRG-
HNO0O05 (NCT03952585), and NRG-HN006 (NCT04333537) are NRG Oncology trials
conducted through the NCI’s NCTN that use such designs. In seamless phase 11/111 trials,
a phase Il portion is conducted with one or several experimental arms against a common
control arm. Phase Il serves as a “go/no-go” decision, sometimes involving arm selection.
Endpoints such as PRO/QOL or toxicity are becoming more common in seamless phase
[1/111 clinical trials to further inform this selection®18. Critically important is the fact that
the phase 111 analysis set /includes patients enrolled during the phase 11 portion. This strategy
is more efficient than conducting separate phase Il and 11 trials.#344 However, careful
consideration should be given to the phase Il endpoint selection as it plays a crucial role in
the operating characteristics of the design.

Umbrella designs are relatively new players and are used to evaluate multiple investigational
drugs administered as single drugs or combination in a single disease population or

tumor type (“the umbrella”).30:31 Patients with a molecular target are randomized to an
experimental and a control arm in a phase Il trial. These trials can also include single-arm
designs followed by a randomized phase 11 and/or 111 trial.*> Unlike basket trials that involve
several tumor types within a molecular substudy or basket, often employing single-arm trials
and response endpoint, umbrella trials focus on a single tumor type and several molecular
targets, more commonly using randomized controlled trials within each molecular substudy.

Multi-arm multi-stage trials (MAMS), with several experimental arms and multiple adaptive
stages with intermediate endpoints at early stages (e.g., PFS, biomarker, or response) and a
definitive endpoint (OS) at later stages, are also being used in recent trials.%6 Early stages

in MAMS ftrials share some of the characteristics of phase Il trials. One key benefit of the
MAMS concept is its efficiency, as multiple treatments can be assessed at once, and the
incorporation of adaptive decision-making allows the pruning of ineffective therapies and
thus strengthening more successful strategies.

Summary

The array of phase Il designs continues to evolve, with new concepts entering into the
already extensive list of potential options for phase 1l and hybrid trials that traverse

the classical stages. Randomization and inclusion of a concurrent control arm are highly
recommended in phase Il trials, particularly for time-to-event endpoints or biomarker-guided
designs. In selected scenarios, such as rare diseases, the use of historical controls or real-
world data (RWD) may be justified. Disease response has been a traditional endpoint for
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single-arm phase 1l trials with new agents. For randomized trials, PFS has been preferred

in contemporary trials with molecularly targeted trials or combination therapies. In some
situations, such as a disease with a poor prognosis, OS is an appropriate endpoint in a phase
Il trial. There exist new designs integrating phases of a clinical trial, such as seamless phase
/111, MAMS, or hybrid phase I-11/111 designs. Planning of trials involving these complex
designs demands statistical expertise given all the non-trivial elements involved in it (e.g.,
arm selection, multiple testing, group sequential tests, etc.).

Funding Sources:

Glossary

National Cancer Institute NRG Oncology Statistical and Data Management Center grant (U10CA180822)

Concurrent control
Group of patients concurrently randomized to a control arm in the same clinical trial as the
experimental arms.

Historical controls
Group of patients treated with the standard therapy in a separate study. Historical controls
must meet some requirements to be deemed appropriate.

Non-comparative randomized clinical trial

A trial that includes randomization to several experimental arms but not to a concurrent
control arm. These trials are powered to compare each experimental arm against historical
controls, so they are not structured to statistically compare the experimental arms with each
other.

Controlled randomized clinical trial
A trial that includes randomization to a concurrent control arm and one or more
experimental arms.

Progression-free survival (PFS)
In randomized trials, generally, PFS is the time from randomization to disease progression or
death of any cause.

Disease-free survival (DFS)
In randomized trials, generally, DFS is the time from randomization to disease recurrence/
failure or death of any cause. DFS is also called relapse-free survival (RFS).

iomarker-guided design
A design that incorporates one or more biomarkers to determine eligibility or treatment
assignment in a clinical trial

Non-inferiority trial
A clinical trial to assess whether a new intervention is not worse than the standard of care
(control arm), as determined by a non-inferiority margin.
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Surrogate endpoint

In

a broad sense, a surrogate is a clinical endpoint, laboratory measure, or a physical sign

that is intended as a substitute for the clinical endpoint of interest. The most commonly

ad
su
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Highlights

Phase Il trials are designed to assess if a treatment has sufficient signal

of activity or other meaningful benefit to warrant further investigation in a
definitive phase 111 trial. It is common to include assessment of toxicity and
other key secondary endpoints such as quality of life (QOL), biomarkers,
locoregional control, and distant metastasis, among others.

Evidence from a phase Il trial should not be used to change medical practice,
except for situations in which a definitive phase Il trial is not feasible.

The sample size in phase Il trials is typically small to moderate, ranging from
tens to hundreds.

In phase Il trials, one-sided 0.05-0.20 are typical values for the type | error
probability and at least 80% for the power.

Disease response is the preferred primary endpoint for single-arm phase

Il trials, particularly with single cytotoxic agents. For randomized trials,
progression-free survival (PFS) and disease-free survival (DFS) capture
disease progression and survival status. Overall survival (OS) can be used as
the primary endpoint in phase I trials but is typically limited to diseases with
poor prognoses. In some trials with radiation therapy, locoregional control is
used as the primary endpoint.

In phase 11 non-inferiority trials, the primary endpoint often relates to the
most important benefit for patients of the new treatment (e.g., toxicity, quality
of life, etc.)

Randomized phase |1 trials with a control arm are preferred. Single-arm
designs are an option for trials with novel agents with promising activity,
rare diseases, lack of standard treatments, salvage settings, or the absence of
reliable historical controls. However, a modest upward drift in modern versus
historical control rates can increase the risk of concluding that an ineffective
treatment warrants further investigation incorrectly (i.e., false positive).

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2023 January 01.
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Do’s and Don’ts

Do consult with an expert in biostatistics about the features of potential
trial designs: endpoints, implications, advantages and disadvantages, and
feasibility. Typically, the choice of a trial design requires considerable
deliberation among the stakeholders.

Clearly define all endpoints in the trial. For instance, when using PFS the
definition of disease progression must be clearly stated in the protocol, and
results” publications, with the details about what constitutes a PFS failure and
the acceptable methods to assess disease progression.

Do not be overly optimistic about the targeted treatment effect size. The main
problem with being overly optimistic is that if the actual treatment effect

size is smaller (e.g., HR closer to 1), the study will be underpowered with

the undesirable consequence of abandoning a promising therapy with a more
realistic treatment effect.

Do not assume a single-arm trial is the best option for rare diseases. Think
about the standard of care outcomes in this population, and projected accrual
rates. There are examples of randomized controlled trials in rare diseases,
such as NRG/RTOG 0912 and NRG/RTOG 1008 (NCT01220583).

Do randomize and include a concurrent control arm whenever feasible,
particularly for time-to-event endpoints. Otherwise, if historical controls are
the most viable alternative, make sure you the trial design team understands
the natural history of the disease and critical details of historical data,

such as the patient characteristics, available treatments and staging, disease
assessment definitions, follow-up schedules, etc.

Do remember that the ultimate goal of the phase Il trial is to identify
treatment regimen(s) that have the best opportunity of showing benefit in
a subsequent definitive phase 111 trial.
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Case vignette

It is now established that patients with p16-positive oropharyngeal cancer (OPC) and
minimal smoking history have a uniquely favorable prognosis. These markedly improved
outcomes have motivated a variety of de-intensification therapies to reduce toxicity and
improve quality-of-life without compromising locoregional control. The NRG-HN002
phase Il clinical trial randomized patients with favorable p16-positive OPC into two
parallel non-comparative regimens of reduced-dose intensity-modulated radiation therapy
(IMRT) with or without cisplatin (IMRT 6 weeks [60 Gy] plus concurrent cisplatin

40 mg/m? and IMRT 5 weeks [60 Gy]). The main aim of this trial was to select an
experimental arm to compare against the standard of care (IMRT plus cisplatin 100
mg/m? every three weeks) in a subsequent non-inferiority (NI) definitive trial. The
investigators needed to determine an acceptable de-intensification regimen to motivate a
phase 111 trial while ensuring the quality-of-life improvement was sufficient to justify the
risk of a de-intensification trial in a curable disease.
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Table 1.
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Sample size and characteristics of potential designs for NRG-HNO0O02 (1:1 randomization). One-sided alpha of

0.10 and 80% power per comparison

Primary endpoint  # of arms # of patients per arm

Accrual duration Trial duration (months/

(overall) (months) years)
NCRT (NRG-HN002)? 2-yr PFS 2 136 (272) 18.1 42.1/35
CRT with NI design? 2-yr PFS 3 206 (618) 412 65.2/5.4
CRT with NI design” PFS 3 180 (540) 36.0 65.4/5.4

NCRT: Non-comparative randomized trial; CRT: Controlled, randomized trial.

a24 months of follow-up after accrual closure for primary endpoint (2-yr PFS) completion (i.e., all patients with at least two years of follow-up)

b29 months of follow-up after accrual closure for primary endpoint (PFS) completion (i.e., the required number of events for the final analysis

based on 61 PFS events/comparison).

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2023 January 01.
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