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Abstract

Phase 0 clinical trials, developed in response to the United States Food and Drug Administration 

(FDA)’s recent exploratory Investigational New Drug (IND) guidance, are intended to expedite the 

clinical evaluation of new molecular entities. The exploratory IND supports the performance of 

first-in-human testing of new investigational agents at subtherapeutic doses based on reduced 

manufacturing and toxicologic requirements, allowing the demonstration of drug-target effects and 

assessment of pharmacokinetic–pharmacodynamic relationships in humans earlier in clinical 

development. The objectives of a phase 0 cancer clinical trial are toestablish at the very earliest 

opportunity—before large numbers of patients have been accrued and exposed to potential drug-

associated toxicity—whether an agent is modulating its target in a tumor, and consequently 

whether further clinical development is warranted. We review here the fundamental requirements 

of clinical studies conducted under an exploratory IND and address some common misconceptions 

regarding oncologic phase 0 trials.

THE EXPLORATORY INVESTIGATIONAL NEW DRUG GUIDANCE

Developing a new anticancer drug is an expensive, long-term, high-risk proposition with a 

failure rate of more than 90%. More than half of new drugs in oncology fail during later 

stages of clinical development, adding to the cost and time it takes to make effective 

therapies available to patients.1,2 To accelerate the discovery and development of new 

molecular entities, the FDA released an exploratory Investigational New Drug (IND) 

guidance in 2006 to support clinical evaluation before the dose escalation, safety, and 

tolerance studies associated with a traditional IND.3 Objectives and endpoints of phase 0 (or 
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pre-phase I) studies conducted under an exploratory IND may include evaluating modulation 

of a presumed drug target in humans; optimizing target assay methodology using human 

samples; providing pharmacokinetic (PK) data; assessing PK/pharmacodynamic (PD) 

relationships; and selecting the most promising lead agent from several chemical entities or 

formulations.4

A major distinction between phase 0 trials and trials conducted under a traditional IND is 

that phase 0 trials have no therapeutic intent. Study participants, who can be either patients 

or healthy volunteers, are administered subtherapeutic but pharmacologically active doses of 

drug. Participant exposure to the agent is limited, but dose escalation is allowed, provided 

that the end point is not to establish a safety/toxicity profile. Because the doses and drug 

exposures are low, significant drug-related adverse events are not anticipated, and the FDA 

allows more limited (single-dose or short-course) preclinical toxicology studies to be used to 

establish margin of safety rather than dose-limiting toxicities. Furthermore, because of the 

modest amount of study drug needed to conduct a phase 0 trial, full-scale, clinical good 

manufacturing practice-grade commercial manufacturing is not required before trial 

initiation. Thus, phase 0 trials can be initiated earlier than traditional phase I studies, 

providing a valuable opportunity to study PK and drug target effects in humans much earlier 

in the clinical development of an agent. Data obtained from such pilot trials involving small 

number of patients can guide decisions regarding further clinical development and better 

inform the design of subsequent trials (Fig. 1). The human PK and PD data will help 

expedite subsequent trials, such as accelerated (ie, limited dose level) phase I studies, phase I 

trials combining targeted agents with cytotoxic drugs, or phase I/II trials. In all of these 

subsequent steps, a traditional IND application must be filed to continue clinical evaluation. 

In 2007, the first phase 0 clinical trial of a therapeutic agent in oncology was conducted by 

the authors to evaluate ABT-888, an inhibitor of the DNA repair enzyme poly-ADP ribose 

polymerase in patients with advanced malignancies.5–7 The potential value of the 

exploratory IND to expedite the traditional drug development pathway has also been 

recognized by its growing use in the pharmaceutical industry.8 It is particularly useful in 

prioritizing potential agents for further study very early in the clinical development process.

The FDAs exploratory IND guidance provides 3 general examples of early-phase clinical 

trials that address (1) PK or imaging, (2) pharmacologically relevant doses, and (3) 

evaluation of an agent’s mechanism of action. In the first example provided by the FDA, 

studies are designed to obtain PK data but use drug doses that do not have pharmacologic 

effects; this example introduces the concept of “microdosing.” Microdoses are defined in the 

guidance as less than 1/100th of that calculated in preclinical animal toxicology studies to 

have a pharmacologic effect, up to a limit of 100 mg (or no more than 30 nmol for protein 

products). In practice, preclinical toxicology studies conducted to support the exploratory 

IND should demonstrate that a dose 100 times greater than the proposed clinical dose does 

not cause adverse events. In comparison, the starting dose for a first-in-human oncology 

study conducted under a traditional IND might be 1/10th of the dose that resulted in severe 

toxicity or death in 10% of the rodents tested.9 Microdosing studies, also called trace-dose 

human absorption, distribution, metabolism, and excretion screens, involve administration of 

a single subpharmacological dose of an isotopically labeled drug for analysis by 

“ultrasensitive” accelerator mass spectrometry or positron emission tomography. One major 
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concern about microdose studies is that extrapolation to therapeutic doses may be difficult 

because of the presence of nonlinear PK; in such circumstances, the PK determined with a 

microdose study are not predictive of the agent’s PK at clinical dose levels.10–12

It is important to differentiate studies administering microdoses from those administering 

pharmacologically active but subtherapeutic doses. The former studies measure drug PK 

parameters, such as binding affinity and absorption, distribution, metabolism, and excretion. 

The latter, addressed in the second and third FDA guidance examples, assesses specific, 

predefined PK, and PD endpoints of special interest for oncologic drug development. For 

instance, in the second FDA guidance example, phase 0 studies of pharmacologically 

relevant doses can establish the PK parameters (such as oral bioavailability) of one or more 

investigational agents, assessing suitability for further development at doses carrying 

minimal risk of drug-associated toxicity. The starting dose is defined as 1/50th of the no 

observed adverse effect level determined in a rodent 2-week toxicology study. If the non-

rodent is the most sensitive species, the candidate agent should be excluded from the 

exploratory IND. Dose escalation for a desired drug exposure or target modulation is 

allowed, but limited in the guidance to several maximum dose criteria, for example, the dose 

at which the pharmacological effect or target modulation is first measured, or clinically 

equivalent to 1/4 of the no observed adverse effect level in a 2-week rodent toxicology study, 

or 1/2 the area under the curve of the most sensitive species, whichever is lowest.

The third FDA guidance example covers phase 0 studies to evaluate an agent’s mechanism 

of action. These studies incorporate a PD end point that reflects drug activity, such as 

inhibition of a target enzyme in surrogate or tumor tissue samples. The starting dose for 

these studies is consistent with those for studies measuring PK and PD endpoints and is 

based on efficacy in animal models. The guidance allows considerable flexibility in study 

design; a recent review describes how the FDA allowed a pharmaceutical company to 

conduct a phase 0 trial with a longer dosing period than the maximum 7 days described in 

the guidance.8

Because the emphasis of phase 0 trials is on proof-of-concept rather than identification of a 

dose to take to phase II testing based on toxicity, the number of participants needed is 

smaller than for a phase I trial, typically only 10 to 15. Phase 0 study designs must therefore 

address the statistical limitations of small sample size clinical studies, the analytical 

performance of the PD assay to be employed, intrapatient variability, and interpatient 

molecular and histologic heterogeneity when measuring PK/PD effects as the primary 

endpoints. The issue of intrapatient variability is of particular concern when the primary end 

point is derived from invasive tumor biopsies that by their nature do not allow frequent tissue 

sampling. In this case, posttreatment effects must be measured against the pretreatment end 

point variability that can be examined across patients, rather than within an individual 

patient, making achievement of statistical significance substantially more difficult because 

interpatient end point variability is, by definition, greater (often much greater) than 

intrapatient variability.

Patient eligibility for phase 0 and phase I oncology trials is similar in that patients’ tumors 

are likely to be refractory to FDA-approved therapies; however, phase 0 studies, because of 

Kummar et al. Page 3

Cancer J. Author manuscript; available in PMC 2020 April 27.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



their limited duration, may also include patients with indolent diseases such as chronic 

lymphocytic leukemia or follicular lymphomas for which standard therapy may not be 

indicated. Choosing to participate in a phase 0 rather than a phase I first-in-human trial 

requires understanding by the patient that, in the case of the phase 0 study, there is no 

possibility of therapeutic benefit.

MOLECULAR TARGETS AND PHARMACODYNAMIC ASSAYS

The decision to evaluate a new investigational agent under an exploratory rather than 

traditional IND depends on several factors. For the agent, these factors include low toxicity 

and a wide therapeutic index in animal models allowing demonstration of target modulation 

in the absence of significant side effects.4 For phase 0 trials evaluating mechanism of action, 

considerable preexisting information on the molecular pharmacology of the drug is required, 

as is the availability of a PD assay that can reliably measure drug effect on target, either 

directly in tumor or in a surrogate tissue. Therefore, one barrier to the conduct of a phase 0 

trial is the availability of the resources to develop an assay that is sufficiently sensitive, 

robust, and reliable to obtain significant results from a small study population.13 The assay 

must also be clinically feasible in that the target effect being investigated can be observed in 

accessible tissue. Standard operating procedures for handling and processing of clinical 

specimens also need to be optimized in preclinical models before trial initiation.14 In short, 

the clinical qualification of the PD assay to be employed is essential; the assay must be 

capable of providing a high degree of confidence that the drug’s effect on its intended target 

can be measured accurately, and it must be possible to use assay results to reliably support 

clinical development decisions.

Some of the additional challenges associated with using a PD end point as the primary 

objective in a phase 0 trial include the small number of patients involved, intra- and 

interpatient tumor and surrogate tissue sampling variability, varied tumor histologies in the 

clinical trial sample, and molecular heterogeneity within a tumor type, all of which can limit 

the possibility of demonstrating a statistically significant PD effect in the tumor target or 

surrogate tissue.14,15

ETHICAL ISSUES

A common criticism of phase 0 trials is that they are experiments in people—specifically, 

patients with terminal cancer—that are unethical because they offer no possibility of direct 

therapeutic benefit. Phase I and phase 0 oncology studies both accrue patients with advanced 

malignancies that are refractory to standard therapies. The ethical issues surrounding phase I 

trials, including the appropriateness and voluntary nature of the informed consent obtained, 

the scientific validity of the study, and risk/benefit perception and assessment, have been the 

subject of considerable discussion.16–19 Phase 0 trials have yet to be subjected to the same 

level of scrutiny, but their inherent lack of therapeutic intent is an obvious ethical issue.20–22

As with all trials involving human subjects, potential risks must be carefully evaluated 

before being granted protocol approval from an Institutional Review Board, and patient 

safety is of paramount importance. The Institutional Review Board must ensure that, in 
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addition to minimizing risks, the “risks to subjects are reasonable in relation to anticipated 

benefits, if any, and the importance of the knowledge that may reasonably be expected to 

result” (45CFR.46.111).23 Evaluating the ratio of potential risks to potential benefits when 

there is no direct benefit to patients is therefore challenging. Even with low doses and 

limited dosing schedules, the risks are not negligible and include those associated with 

biopsy procedures. In our experience, during the development of the protocol and consent 

document, discussions with bioethicists about the study and associated risks are helpful. The 

consent document should clearly state the lack of therapeutic intent and the requirement and 

associated risks of tumor biopsies. Additionally, patients should be made to verbalize their 

understanding of these elements before signing the consent document. It is worth stating, 

however, that patients with incurable diseases do appreciate information regarding both the 

risks associated with the trial and the value of the knowledge to be gained from their 

participation.24 In the authors’ experience, most patients have participated in multiple 

clinical trials before considering the phase 0 study and are thus familiar with the concepts of 

clinical research and research biopsies. A recent analysis of phase I oncology trial 

participants revealed no cognitive, health, or demographic factors consistent with a reduced 

ability to make informed decisions.25 Furthermore, unlike the ethical concerns raised for 

obtaining research biopsies in phase I and II trials, a patient’s decision to participate and 

provide biopsy samples for research purposes as part of a phase 0 trial is not clouded by any 

perception of direct medical benefit.26,27 A trial which has as its primary objective providing 

evidence of a drug’s effect on its intended target cannot meet this objective without an assay 

capable of measuring these effects. Therefore, it is essential to ensure that there is a reliable 

PD assay that could help answer the scientific question with a high level of confidence 

before asking patients to undergo invasive biopsy procedures that have known risks.26–28

Patient willingness to collaborate in a study designed solely to obtain generalizable 

knowledge is remarkable and stems from a desire to help future cancer patients. Therefore, it 

is important to keep patients informed of study results and how these have had an impact on 

the further development of the agent. It is also essential to ensure that participation in a 

phase 0 trial neither delays nor excludes patients from participating in other clinical trials 

that do offer the possibility of direct benefit. This can be accomplished by limiting the 

washout period from prior therapy (eg, no more than 2 weeks) both for enrolling in a phase 0 

trial and after completion of the study before enrolling on another trial. Also, participation in 

a phase 0 trial should not exclude patients from participating in a subsequent, later stage trial 

of that agent; there is now common language in multiple NCI phase I and II protocols 

specifically addressing this issue. It is our hope that this language will be widely adopted by 

other cancer research centers.

CONCLUSION AND PERSPECTIVES

Phase 0 trials may help to address some of the most challenging issues for new drug 

development in oncology, by helping to prioritize potential agents for future study, reducing 

development timelines, and demonstrating proof-of-concept target inhibition. For example, 

results from a phase 0 imaging study may be sufficient to establish proof of principle and 

eliminate the need for a phase I dose escalation trial; imaging can instead be included as a 

correlative study in subsequent phase II/III therapeutic agent evaluations. A phase 0 trial 
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with a PD end point that meets its objective can support the decision to proceed to 

accelerated phase I, phase I combination, or phase I/II trials. It is important to emphasize 

that phase 0 trials will not replace the phase I trials conducted under a traditional IND to 

establish the maximum tolerated dose and drug toxicity profile. Not all investigational 

agents are suitable for phase 0 evaluation. Considerable investment of time and resources are 

needed to develop suitable PD assays and sample handling procedures. Furthermore, 

investigators may have difficulty developing the resources for phase 0 studies because 

nontherapeutic clinical trials are not covered by most third-party payors. The ethical 

considerations required to conduct a phase 0 trial are not minor, but frank and open 

discussion with participants before, during, and after the trial will be of mutual benefit.

Phase 0 trials do offer an option to evaluate PK and confirm an agent’s effect on its intended 

molecular target in human specimens much earlier in clinical development. Experience to 

date with studies conducted under exploratory INDs is limited, but positive.8 If drug effect 

on a target can be evaluated earlier in the drug development cycle and requires fewer 

patients than a traditional IND, it follows that clinical trials will be smaller, and development 

timelines may be compressed.
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FIGURE 1. 
Shortening clinical development timelines with an exploratory Investigational New Drug 

(IND) guidance. Conducting a phase 0 trial under an exploratory IND can reduce the clinical 

development time for new agents and inform further clinical decision making. A, Phase I 

trials under a traditional IND require substantial preclinical toxicology studies and full-scale 

good manufacturing practice production of the investigational agent before clinical 

administration. Pharmacodynamic (PD) studies are generally not performed until phase II 

trials are initiated. B, Phase 0 imaging/biodistribution trials introduce sub-pharmacologic 

doses of the new agent to patients or healthy volunteers. Results from these trials may be 

sufficient to establish proof of principle, and no further dose escalation phase I studies may 

be needed. These imaging studies can be used as correlative studies in subsequent phase 

II/III trials of therapeutic agents. C, Phase 0 trials with a PD end point must have a validated 

PD assay before clinical trial accrual. The decision to proceed for further clinical 

development and conduct accelerated phase I/phase I combination, or phase I/II trials can be 

made based on whether the PD objective was met in the phase 0 trial.
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