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Abstract

There is a pressing need for more-efficient trial designs for biomarker-stratified clinical trials. We 

suggest a new approach to trial design that links novel treatment evaluation with the concurrent 

evaluation of a biomarker within a confirmatory phase II/III trial setting. We describe a new 

protocol using this approach in advanced colorectal cancer called FOCUS4. The protocol will 

ultimately answer three research questions for a number of treatments and biomarkers: (1) After a 
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period of first-line chemotherapy, do targeted novel therapies provide signals of activity in 

different biomarker-defined populations? (2) If so, do these definitively improve outcomes? (3) Is 

evidence of activity restricted to the biomarker-defined groups? The protocol randomizes novel 

agents against placebo concurrently across a number of different biomarker-defined population-

enriched cohorts: BRAF mutation; activated AKT pathway: PI3K mutation/absolute PTEN loss 

tumors; KRAS and NRAS mutations; and wild type at all the mentioned genes. Within each 

biomarker-defined population, the trial uses a multistaged approach with flexibility to adapt in 

response to planned interim analyses for lack of activity. FOCUS4 is the first test of a protocol 

that assigns all patients with metastatic colorectal cancer to one of a number of parallel 

population-enriched, biomarker-stratified randomized trials. Using this approach allows questions 

regarding efficacy and safety of multiple novel therapies to be answered in a relatively quick and 

efficient manner, while also allowing for the assessment of biomarkers to help target treatment.

INTRODUCTION

The concept of one treatment for all patients with a particular disease is increasingly 

outdated in oncology, and correspondingly, new approaches to trial designs are needed. Trial 

designs for evaluating biomarkers and treatment response have been well described by 

others,1-7 and a brief summary is presented here.

Much of the discussion of biomarker-based trial design focuses on evaluating new 

biomarkers that may help predict response to a treatment. Typically, in these situations, the 

treatment is already known to have some activity or efficacy, and emphasis is placed on 

whether the biomarker identifies those who do or do not gain benefit from the treatment. 

These can be either retrospective analyses of completed trials or prospectively planned 

studies.

Retrospective analyses of existing trial data remain a suitable approach for identifying 

potential predictive biomarkers. For example, KRAS was identified retrospectively as a 

predictor of the effectiveness of the epidermal growth factor receptor (EGFR) inhibitors 

panitumumab and cetuximab in advanced colorectal cancer.8 However, when considering 

such retrospective approaches, a prospectively defined analysis plan must be used, sufficient 

numbers in the biomarker subgroups are required to ensure adequate statistical power, and a 

high proportion of patients must have been assessed for the biomarker of interest, reducing 

the risk of potential selection bias.2,7

Alternatively, prospectively planned, so-called population-enriched designs define the 

eligible population by the presence of the biomarker and test the experimental agent in that 

population only. For example, HER2 amplification (present in approximately 15% of 

patients with breast cancer) and a translocation or inversion event involving the anaplastic 

lymphoma kinase (ALK) gene locus (which occurs in 4% of those with non–small-cell lung 

cancer) have been used prospectively to enrich the population for evaluation of trastuzumab 

and crizotinib, respectively. This design requires prior validation of the biomarker and 

ideally the use of a licensed in vitro diagnostic test for eligibility. However, the design is 

inefficient, because typically a large population of patients has to consent, be screened, and 

have their tumor tested to identify a minority biomarker-positive subgroup. This design also 
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presupposes certainty of the link between the biomarker and treatment, which is often only 

possible at a late stage of development of both the biomarker and the treatment. It is, by 

design, not able to assess any effect of the agent in the biomarker-negative group.

Prospective designs have also been proposed, which aim to evaluate both a new treatment 

and a biomarker within one trial and are often referred to as having a biomarker-stratified 

design or marker-by–treatment interaction design. The designs that have been proposed are 

inefficient because of the need to size the trial either on the difference between the effect of 

the treatment in biomarker-positive and -negative patients (ie, interaction) or on the effect in 

all patients. Determining the size of the trial based on an interaction requires an extremely 

large number of patients, and the effect in all patients is likely to be modest because of an 

anticipated small or even negative effect in biomarker-negative patients. Another 

inefficiency of all these trial designs is that they typically evaluate only a single treatment or 

biomarker, which is wasteful. The treatment may prove ineffective, and/or the biomarker 

may not predict the outcome of treatment.

There are newer trial designs, such as those used in the I-SPY1/2 (Investigation of Serial 

Studies to Predict Your Therapeutic Response With Imaging and Molecular Analysis)9-12 

and BATTLE (Biomarker-Integrated Approaches of Targeted Therapy for Lung Cancer 

Elimination) trials,4,13 which aim to evaluate multiple treatments and multiple biomarkers 

simultaneously in a purely exploratory way. The focus in these designs is earlier in the drug 

development process (ie, late phase I/early phase IIa). These trials are potentially efficient in 

terms of cost and time,14 using fewer patients and shorter-term treatment outcomes, 

although others have argued this is not necessarily always the case.15 They are able to 

incorporate relevant prior information and include adaptive randomisation, based on the 

accruing data, which relies on complex modeling and randomization schemes, which have 

been well discussed by others.16 Although no assumptions are required at the outset on the 

relationship between biomarker and treatment response, extra care is required to control the 

type I error rate in these types of studies,17,18 and they do not easily extend to the phase IIb 

or III setting. There are large numbers of new treatments emerging that need to be evaluated, 

first in a phase II setting and then, if appropriate, in a phase III setting. Most of these new 

treatments have been developed with a single target or few targets in mind and thus have 

putative biomarkers, often with preliminary clinical evidence, which might identify a group 

that may benefit most from that treatment. We consider this situation to be an important 

halfway house between the confirmatory biomarker designs discussed earlier and the more 

recent exploratory trial designs.

We propose an efficient approach for such a situation, exploiting the concept of a 

population-enriched design with the aim of evaluating multiple treatments and multiple 

biomarkers, thereby including most patients with a given type of cancer in the trial, 

irrespective of their biomarker categorization. Each treatment is evaluated first in the cohort 

of patients for whom the biomarker is hypothesized to be predictive of response. Then, if 

appropriate, we will subsequently test the hypothesis of the predictive ability of the 

biomarker by evaluating the agent in the biomarker-negative patients. Importantly, we do 

not assume that a treatment works only in biomarker-positive patients, although our design, 

like others, does assume that a treatment that does not demonstrate efficacy in the selected/
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enriched cohort need not be further tested in a biomarker-negative patient population. This 

more efficient sequential testing approach has been recently discussed and compared with 

other existing trial designs.19 Furthermore, by randomly assigning each comparison against 

placebo within the biomarker-defined groups, we can overcome the potential bias of the 

prognostic effects of certain biomarker-defined groups. Finally, the trial needs to be adaptive 

to be able to discontinue random assignment to treatments that do not seem to be sufficiently 

active, introduce both new biomarkers and treatments when warranted, and refine 

biomarkers as information from within or outside the trial emerges.

Our approach follows seven key principles outlined in Table 1. These are presented along 

with FOCUS4, the first trial using this approach. First-line chemotherapy for colorectal 

cancer was felt to be an appropriate setting for a trial employing such a design, for reasons 

explained in the Appendix (online only).

DESIGN PRINCIPLES

There are seven key principles in the FOCUS4 design. FOCUS4 uses some of the methods 

of the multiarm, multistage20-22 randomized trial design. After registration and biomarker 

assessment during a planned 16 weeks of standard first-line chemotherapy, patients are 

stratified into one of four biologically defined cohorts (A to D; Fig 1). If stable or 

responding disease is confirmed at the end of 16 weeks, patients are then enrolled onto the 

corresponding randomized trial of novel targeted agent(s) or, for travel, logistic, or technical 

reasons, to the one conventional chemotherapy maintenance trial (FOCUS4-N).

Key Principle One

Evaluate multiple treatments and biomarkers in the same protocol, including 
as many patients as possible with a given disease, with separate clinical 
questions for as many marker-defined subgroups as are supported by current 
evidence.—Incorporating multiple treatments across multiple population-enriched 

biomarker-defined trials fits easily into conventional clinical practice patterns, in which 

most patients with one type of cancer (by conventional criteria) are generally referred and/or 

managed in a common manner and with similar clinical protocols. In colorectal cancer, a 

single approach for all has now evolved into two clinical pathways and chemotherapy 

approaches: one for patients with KRAS wild-type tumors, for whom EGFR-targeted 

monoclonal antibodies may be planned, and one for those with KRAS-mutated tumors. As 

further (appropriate) segregation of treatment approaches occurs, managing separately 

coordinated clinical research efforts, which often involve different pharmaceutical 

collaborators and different research teams, will become progressively more unwieldy and 

inefficient. Our approach filters all fit and consenting patients into one overarching clinical 

trial program and is therefore inclusive and consequently more attractive to patients. This 

design also offers clear efficiency gains in both cost and time compared with running 

multiple individual trials to evaluate different treatments under separate protocols. It 

increases the likelihood that the investment in cost and effort of setting up such trials will 

lead to discovery of (at least one) effective treatment and will allow us to stop further 

development of ineffective treatments in this disease setting.
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Further efficiency is inherent in biomarker analysis being set up to include all diagnostic 

tests for the differing subgroups. So far as is scientifically feasible, an inclusive trial allows 

the maximum number of patients to participate and maximizes the potential to recruit rare 

subtypes. It allows for maximum flexibility in refinement of the biomarker cohort 

definitions in response to developing clinical data from both within and outside of the trial 

and provides administrative and organizational efficiencies.

Key Principle Two

In initial stages, assess each treatment in the presumptive biomarker-
enriched subset (thus exploiting the putative link between biomarkers and 
novel treatments with corresponding mechanisms of action) but without 
assuming in the design that this association will be confirmed in later stages.
—In oncology, even when novel agents are found to be active, the expected biomarker 

selection may not apply.23 A key strength of the FOCUS4 protocol is that we neither assume 

that any encouraging outcome results are limited to the biomarker selection, nor expend 

numbers of biomarker-negative patients until we have a positive signal from the initial 

staged analyses (stages 1 to 2). Thus, we restrict entry in the earlier phases of the evaluation 

of a novel treatment to those patients thought most likely to respond. Once the significance 

level associated with activity of the experimental treatment falls to less than a given value, 

we have the option to open a similar efficacy evaluation among those patients who do not 

show the positivity of the biomarker in their tumor (ie, off-target effect), using the same type 

of lack-of-activity assessments, to refute or confirm activity in this complementary 

population of patients. This approach builds on the putative link between the biomarker and 

drug efficacy but does not presume that this is certainly the case.

Key Principle Three

Use randomized evidence with a control group for each biomarker/treatment 
cohort evaluation (eliminating confounding resulting from prognostic 
biomarker effects).—Constructing the protocol as a set of parallel randomized 

comparisons assures that the measured or unmeasured prognostic effects of different 

biomarkers do not confound the assessment of treatment efficacy, meaning that we can 

ascribe any benefits to the new treatment and not the potential prognostic effect of the 

marker. The concern about prognostic differences in relation to biomarker expression is not 

just theoretic; there are recognized clinical patterns associated with predictive biomarkers in 

a number of cancers, such as EGFR mutations and the EML4-ALK fusion protein in non–

small-cell lung cancer,24,25 human epidermal growth factor receptor–positive and triple-

negative breast cancers,26-29 and markers of mismatch repair (MMR) in colorectal 

cancer.30,31

Key Principle Four

Ensure rapid evaluation of each new treatment, which involves (a) 
incorporating the flexibility of phase II and III components into each trial and 
(b) targeting a reasonably large treatment effect, with discontinuation of 
random assignment to treatments that are unpromising or overwhelmingly 
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effective as early and reliably as possible.—For the individual trials within the 

protocol, a larger effect size can be targeted than might be chosen in a more traditional trial. 

This can be done for two reasons. First, enrichment of the population means that we may 

expect a somewhat larger effect, even if enrichment excludes only a proportion of those who 

do not benefit. Second, there are currently a large number of potential treatments available 

for evaluation, and thus, it is reasonable to seek a larger treatment effect than if only a 

limited number of new treatments were available for testing.

A key aspect of the FOCUS4 protocol is the flexibility to have both phase II and III 

components for each randomized comparison, with the potential to move seamlessly from 

phase II to III (Table 2). The aim of the phase III component is to determine if, in the 

interval after standard first-line chemotherapy, the proposed novel agents improve 

progression-free survival (PFS), and potentially (in some of the larger cohorts) overall 

survival (OS), compared with placebo within the biomarker-defined populations. Use of PFS 

and OS may be particularly important when agents with various, quite different mechanisms 

of action are being tested. This is in preference to other earlier outcomes of treatment 

response (eg, disease response by RECIST criteria), which may not reliably translate into 

longer-term outcomes of importance to the patient. For each agent-versus-placebo 

comparison, FOCUS4 employs a maximum of four stages, with the relevant primary end 

point given in parentheses (Tables 2 and 3):

• Safety and screening for sufficient activity (PFS)—stage 1

• Screening for sufficient activity (PFS)—stage 2

• Efficacy (PFS)—stage 3

• Efficacy (for those cohorts with sufficient patients; OS)—stage 4

Stages 1 and 2 together can be considered analogous to a traditional phase II trial, whereas 

continuing into stages 3 and 4 can be considered functionally to complete a traditional phase 

III trial. Such designs can be adapted for different end points at different stages and use 

different decision criteria for moving from one stage to another.32

For all therapies that pass activity screening in stage 2, a number of paths are possible. If no 

major changes are to be made to the research arm (eg, in biomarker selection criteria or 

agent dosing), a seamless move to stage 3 is possible, with outcome data on all patients 

entered during stages 1 and 2 being used in stages 3 and 4.

Alternatively, if a major change to a research arm is to be made, the trial can still continue to 

the phase III component (stages 3 and 4) but with outcome data from only newly entered 

patients from that time forward contributing to the final (phase III) analysis. However, there 

is considerable efficiency even in this situation. This so-called new phase III trial does not 

require a new protocol and can be initiated by amendment and activated rapidly at all the 

sites already participating in the single FOCUS4 protocol.

A final possibility is that for reasons external to the trial itself, the sponsor or funder may 

decide not to support continuation to the phase III stages. This might even happen in the face 

of a positive outcome in the activity screening stages (eg, if testing of the agent in other 
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settings has already been planned). Note that such an outcome would still be appropriately 

viewed as useful, if it served to stimulate or facilitate additional trials. In such a situation, 

other novel agent(s) could then be tested in the relevant cohort of FOCUS4.

Table 2 lists the design characteristics, required number of patients and events, analysis 

timings, and target effect sizes for each individual trial in the FOCUS4 program, assuming 

that each trial continues to its phase III component, with no major changes after the phase II 

component. All sample size calculations were performed using the nstage program in 

STATA software (version 12.0; STATA, College Station, TX).21,33 More-detailed 

operational characteristics, including analysis timings for a particular trial, are listed in 

Table 3. For each of the trials within FOCUS4, the overall power is maintained at 80%, 

allowing for multiple interim data looks, with a maximum 5% two-sided overall significance 

level (type I error rate). To maintain 80% power overall (for each trial), the power of each 

trial for the primary analysis varies from 85% to 95%, depending on the number and timing 

of the interim looks. Each biomarker-defined trial is considered separately in terms of the 

effect size (hazard ratio) to be detected, to suit issues relevant to specific biomarker cohorts 

or agents. An important distinction between stages 2 (lack of sufficient activity) and 3 

(efficacy) is the difference in type I error, set higher for the stage 2 interim PFS analysis 

(one-sided 10%), compared with the stage 3 main PFS efficacy analysis (one-sided 2.5%).

Data for each of the trials will be reviewed by the independent data monitoring committee at 

each interim analysis. The committee can also advise early closure of a trial in the event of 

overwhelming evidence of efficacy, using a significance level of .001 as a guideline on the 

phase III efficacy outcome measure. This will be considered at approximately the halfway 

point in terms of accrued number of events for each biomarker-defined trial. Adopting this 

approach allows for preservation of the overall type I error rate at the end of the trial.34,35

Key Principle Five

Allow the possibility of refining any biomarkers through the course of the 
trial, either from internal data or more typically from data emerging from 
outside the trial.—Biomarker definitions are constantly evolving and being refined. 

Although, for example, KRAS mutation was a multiply confirmed predictive marker for use 

of anti-EGFR antibody therapy, it subsequently became clear that not all KRAS mutations 

had identical effects, with some perhaps (eg, KRAS G13D) not even carrying the same 

negative predictive value.36 Evolving data now suggest that expression of EGFR ligands 

such as epiregulin and amphiregulin may additionally modulate response to this class of 

agents.37 Other alterations elsewhere in the RASRAF-MEK-ERK and interacting pathways 

(eg, phosphoinositide-3 kinase [PI3K] –AKT–mammalian target of rapamycin [mTOR]) are 

almost certainly also of considerable importance.

An example of biomarker refinement would be the introduction of a new platform for 

mutation assessment. Developments in molecular diagnostics are occurring at such a pace 

that older technologies are continuously being outperformed in terms of cost and sample 

requirements by newer technologies. Such refinements could be introduced into a continuing 

program such as FOCUS4, but with close attention to quality assurance and a preplanned 

parallel evaluation using both platforms for a period of time to ensure comparability of 
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assessment. If there proves a need to revise one or another biomarker assay during the first 

two (signal-seeking) analysis stages, patients assigned on the basis of the earlier assay would 

likely have to be excluded from the definitive third- and fourth-stage analyses and their 

possible use toward registration. The third-stage sample size might need to be increased, but 

the overall time delay introduced in the stage 3 analysis would be minimal (months), 

because the trial would already be activated and recruiting from a large number of sites.

Key Principle Six

Allow the possibility of introducing a new biomarker and treatment pairing 
into the overall trial program when evidence warrants.—The flexibility inherent in 

the design means there are opportunities to further adapt the trial to accommodate additional 

findings, typically from other research outside of the trial. For instance, it is well known that 

there is a cohort of patients with MMR deficiency within colorectal cancer. In earlier 

disease, these patients amount to 15% of the total, but they have an improved prognosis, and 

series among metastatic patients reveal only approximately 4% prevalence of MMR 

deficiency. Currently, there is no convincing case for testing a specific class of agent in this 

cohort, but if such evidence were to emerge within the course of the study, we would be able 

to amend the protocol to open up a new biomarker/treatment cohort by identifying the 

MMR-deficient cohort and testing the appropriate novel agent(s) versus placebo in this 

group. The introduction of such a new biomarker-defined cohort during the trial would 

remove such patients from the other cohorts, but as we have discussed regarding changes in 

assay methodology, the introduction of a new cohort would not in any way compromise the 

study design, requiring only sample size adjustments.

Key Principle Seven

Investigate new treatments in the earliest and most likely responsive settings 
that are clinically feasible.—With many agents being developed and recognition that 

drug development is a lengthy and expensive process, it is critical that we seek strong 

positive signals as early as possible in testing. When new agents are tested against all 

comers and late in the natural history of the disease, it is usually difficult to determine 

whether observed modest improvements are likely to hold up with further testing, especially 

in earlier stages of disease.

In the FOCUS4 protocol, we propose a quadruple selection process of patients for each trial, 

which improves the chance of identifying clinical benefit from novel agent(s). First, we 

exclude patients with aggressive disease as manifest in a raised baseline platelet count.38 

Second, we include only those patients with stable or responding disease during 16 weeks of 

first-line systemic therapy. This therefore specifically selects responding patients, in 

comparison with most study designs, which select resistant patients to evaluate novel agents. 

Third, by testing the novel agents first in the molecular cohort in which theoretically they 

should have the greatest benefit, we maximize the likelihood of success. Finally, new agents 

are used on their own or in novel-novel combinations, after standard treatment, thereby 

avoiding unpredictable negative pharmacologic or toxicity interactions with conventional 

chemotherapy, which has been seen repeatedly in colorectal cancer chemotherapy.39-42 

Consequently, randomization occurs in a treatment window of opportunity or treatment 
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break, which is a clinically reasonable and safe strategy on the basis of randomized data 

from the COIN (Continuous or Intermittent) trial.38 Although this strategy is somewhat 

unusual in colorectal cancer, there are many settings in the management of other tumors in 

which periods of observation of patients off treatment are standard and could be used for 

such window-of-opportunity trials. In FOCUS4, the setting has the advantage of allowing 

relatively new agents to be tested in patients before the onset of chemotherapy resistance 

and yet well before comprehensive data would become available with regard to combined 

administration along with chemotherapy.

DISCUSSION

The FOCUS4 protocol introduces a new paradigm in clinical research of solid tumors, 

evaluating a number of treatments and biomarkers rapidly and in an adaptive way. The 

umbrella protocol presents a structure in which there is characterization of patients on the 

basis of the presence of specific mutations or expression markers, which define a number of 

biologic cohorts. After an initial period of disease control with standard chemotherapy, 

eligible and consenting patients within each of these biologically defined cohorts are given a 

chemotherapy break and are randomly assigned between a control group and one or more 

new targeted treatments for which there is a priori evidence suggesting this biologic cohort 

is more likely to benefit from the new treatment than others.

As a component of a large national study that can potentially include practically all patients, 

each individual randomized comparison can adapt efficiently to refinement of biomarker and 

signature data. The structure will enable rapid accrual, even in rare subtypes such as those 

with BRAF mutation, who comprise only 8% of the metastatic colorectal cancer population. 

This trial will further build on lessons learned from the Medical Research Council–funded 

FOCUS3 feasibility trial, which tested this general approach in a cohort of 240 patients.43

FOCUS4 has been provided here as a current real example of our proposed design. 

However, we believe the key principles underpinning this design are transferable to other 

cancer settings and indeed to other diseases.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. 
Trial schema for FOCUS4. (*) The molecular cohorts are arranged in a hierarchy from left 

to right. For example, a patient with both a PIK3CA mutation and a KRAS mutation will be 

classified into the PIK3CA mutation cohort. CRC, colorectal cancer; EGFR, epidermal 

growth factor receptor; EREG, epiregulin; FFPE, formalin fixed, paraffin embedded; HER, 

human epidermal growth factor receptor; IHC, immunohistochemistry; MMR, mismatch 

repair; OS, overall survival; P, placebo; PFS, progression-free survival; Rx, treatment.
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Table 1

Seven Key Principles of FOCUS4 Trial Design

Principle

1 Evaluate multiple treatments and biomarkers in the same protocol, including as many patients as possible with a given disease, with 
separate clinical questions for as many marker-defined subgroups as are supported by current evidence

2 In initial stages, assess each treatment in the presumptive biomarker-enriched subset (thus exploiting the putative link between 
biomarkers and novel treatments with corresponding mechanisms of action) but without assuming in the design that this association 
will be confirmed in later stages

3 Use randomized evidence with a control group for each biomarker/treatment cohort evaluation (eliminating confounding resulting 
from prognostic biomarker effects)

4 Ensure rapid evaluation of each new treatment, which involves (a) incorporating the flexibility of phase II and III components into 
each trial and (b) targeting a reasonably large treatment effect, with discontinuation of random assignment to treatments that are 
unpromising or overwhelmingly effective as early and reliably as possible

5 Allow the possibility of refining any biomarkers through the course of the trial, either from internal data or more typically from data 
emerging from outside the trial

6 Allow the possibility of introducing a new biomarker and treatment pairing into the overall trial program when evidence warrants

7 Investigate new treatments in the earliest and most likely responsive settings that are clinically feasible
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Table 2

Sample Size Estimates for FOCUS4 Trial

Maximum No. of 
Events Required

Molecular Cohort Random Allocation Ratio Phase Outcome Stage Target HR Total Control Arm

Estimated 
Cumulative 

Analysis 
Time 

(months)

Maximum 
No. of 

Patients 
Required

BRAF mutation 
(trial A) 2:1 II PFS 1 0.5 41 16 20.4 61

PFS 2 0.5 76 28 32.5 97

III PFS 3 0.5 118 42 46.5 139

OS 4 (potential) 0.65 217 79 100.4 301

PIK3CA mutation 
and/or PTEN loss 
(trial B)

2:1 II PFS 1 0.65 107 40 17.0 170

PFS 2 0.65 197 71 26.5 264

III PFS 3 0.65 303 107 37.2 373

OS 4 (potential) 0.7 289 109 54.6 546

KRAS or NRAS 
mutation (trial C) 2:1 II PFS 1 0.65 109 41 16.1 177

PFS 2 0.65 198 72 22.8 273

III PFS 3 0.65 302 107 31.4 378

OS 4 (potential) 0.7 287 109 50.6 574

All wild type (trial 
D) 2:1 II PFS 1 0.65 109 41 20.0 180

PFS 2 0.65 198 72 30.6 275

III PFS 3 0.65 301 107 42.3 381

OS 4 (potential) 0.7 289 109 60.8 547

Abbreviations: HR, hazard ratio; OS, overall survival; PFS, progression-free survival.
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Table 3

Operating Characteristics for Generic Trial Design in FOCUS4-D: All Wild-Type Cohort

Phase II Phase III

Characteristic Stage 1: Safety and 
LSA Stage 2: LSA Stage 3: Efficacy for 

PFS
Stage 4: Efficacy for OS 

(potential)

Outcome PFS PFS PFS OS

One-sided α 0.30 0.10 0.025 0.025

Power (overall power maintained at 80%) 0.95 0.95 0.95 0.85

Target HR 0.65 0.65 0.65 0.70

Critical HR 0.91 0.83 0.79 0.80

Time required, months 20 11 12 19

Cumulative time, months 20 31 42 61

Cumulative events required

 Control arm 41 72 107 109

 Total 109 198 301 289

Total expected cumulative random 
assignments 180 275 381 547

Abbreviations: HR, hazard ratio; LSA, lack of sufficient activity; OS, overall survival; PFS, progression-free survival.
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