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A B S T R A C T

The Methodology for the Development of Innovative Cancer Therapies (MDICT) task force

has been established as an expert forum to develop practical guidance on the development

of innovative anticancer agents, in particular targeted agents. The task force recently

addressed the utility, design and application of Phase 0 clinical trials in anticancer drug

development. It was concluded that the role of non-therapeutic Phase 0 trials is controver-

sial for several reasons, including the lack of clinical benefit for participating patients. How-

ever, it was recognised that Phase 0 trials provide an opportunity to generate essential

human pharmacokinetic and pharmacodynamic data earlier in the drug development pro-

cess, which could be a major advantage in the design and decision making concerning fur-

ther clinical development of an agent. Construction of a ‘decision chart’ was highly

recommended to assist investigators and sponsors in determining whether an agent is

suitable for evaluation in a Phase 0 trial.

Published by Elsevier Ltd.
1,2
1. Background

The Methodology for the Development of Innovative Cancer

Therapies (MDICT) task force is an independent international

task force comprising a core group of academic drug develop-

ment experts assembled to provide clinical oncologists with

practical guidance on the development of targeted anticancer
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agents (Table 1). The third annual meeting of the MDICT

task force was held on 19th March, 2008, in conjunction with

the 6th International Symposium on Targeted Anticancer

Therapies, in Bethesda, Maryland. Participants were invited

to discuss clinical trial methodology, focusing on the potential

benefits and drawbacks of Phase 0 trials. Dr. James Doroshow,

National Cancer Institute (NCI), presented an overview of
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Table 1 – MDICT task force participants.

Academic

Susan Bates National Cancer Institute

Hilary Calvert University of Newcastle Upon Tyne

Jeffrey Clark Dana-Farber Cancer Institute

Antonella De Pascale Southern Europe New Drug Organization

(SENDO)

James Doroshow National Cancer Institute

Gail Eckhardt University of Colorado Cancer Center

Antonio Fojo National Cancer Institute

Giuseppe Giaccone National Cancer Institute

Martin Gutierrez National Cancer Institute

Shivaani Kummar National Cancer Institute

Peter O’Dwyer Abramson Family Cancer Center

Ruth Plummer University of Newcastle Upon Tyne

Cristiana Sessa Oncology Institute of Southern Switzerland

Anthony Tolcher Institute for Drug Development, University

of Texas Health Science Center

Joseph Tomaszewski National Cancer Institute

John Wright National Cancer Institute

Industry

Leila Alland Bristol-Myers Squibb

Arthur DeCillis Exelixis

Grant Williams GlaxoSmithKline

Andrew Hughes AstraZeneca

Lenny Kirsch Amgen

Stuart Lutzker Genentech

Anjan Thakurta AstraZeneca

Beverly Teicher Genzyme Coporation

Eric Westin Eli Lilly and Company

Regulatory

Adrian Senderowicz US Food and Drug Administration

NDDO Research Foundation

Marinus Lobbezoo NDDO Research Foundation

Box 1 Three examples of Phase 0 studies supported by

the Exploratory IND Studies Guidance document.7

1. Pharmacokinetics or imaging: Evaluate human bio-

distribution and target binding characteristics using

sensitive imaging techniques or microdoses (1/100th

of the pharmacologically active dose [up to a maxi-

mum of 100 lg] or 30 nmol for protein products). Pre-

clinical toxicology studies should demonstrate that a

dose 100 times the proposed human dose does not

induce adverse effects.

2. Pharmacologically relevant doses: Evaluate human

PD and/or PK (e.g. bioavailability) of two or more ana-

logues to select a lead agent. Preclinical toxicology

studies must establish the no observed adverse effect

level (NOAEL) in a rodent 2 week toxicology study; the

clinical starting dose is generally 1/50th of this dose.

3. Pharmacodynamic end-point studies: Evaluate

whether the new molecular entity modulates its

intended target. Supporting preclinical toxicology

studies are generally short-term, modified-toxicity

or safety studies in two species.
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Phase 0 clinical trials, and MDICT Chairs Drs. Hilary Calvert

and Giuseppe Giaccone led the plenary discussion. This paper

provides the main considerations and recommendations

ensuing from task force discussions.

2. Phase 0 clinical trial paradigm

The current Phase I/II/III model for chemotherapeutic devel-

opment can be traced back to the mid 1960s.3 However, the

complexities of optimally assessing molecularly targeted

agents, associated costs and clinical failure rates of over

90% have resulted in a re-evaluation of this paradigm.4

Addressing these challenges, the United States Food and Drug

Administration (FDA) established an Interagency Oncology

Task Force with the NCI, and held multiple discussions with

the pharmaceutical industry as part of its Critical Path Initia-

tive.5,6 One outcome of these discussions was the publication

of the Exploratory IND Guidance document in January 2006 to

expedite the identification and development of promising

candidate drugs.7 The exploratory IND supports Phase 0 stud-

ies which are defined as first-in-human trials with no thera-

peutic or diagnostic intent, a limited number of patients

(less than 15) and with limited drug exposure (i.e. low doses

administered for a limited period). Phase 0 trials can provide

human data very early in clinical development.8,9 Such trials
can potentially establish whether the investigational drug af-

fects its alleged target in the desired manner; provide human

pharmacokinetic (PK) and pharmacodynamic (PD) data to in-

form further agent development; validate biomarker assays

for target modulation effects; allow selection of the most

promising candidate from a set of analogues and evaluate

human biodistribution, binding and target effects using

highly sensitive imaging technologies (Box 1). Dose escalation

is permitted provided the objective is to modulate the target

and not to establish the maximum tolerated dose (MTD).

The latter would be determined later under a traditional

IND Phase I/II trial; the required IND-directed toxicology stud-

ies for Phase 0 trials are limited to demonstrating the safety of

the intended dosing regimen.
The NCI has a focused drug development effort that eval-

uates molecularly targeted agents by assessing the proposed

mechanism of action (MoA) and by correlating PK of the drug

with PD effects on a specific target in both the preclinical and

clinical settings.8,9 Characteristics of agents suitable for con-

sideration in a PD-driven Phase 0 studies include a wide pre-

clinical therapeutic index allowing assessment of target

modulation at low doses and short durations of exposure

with minimal risk of toxicity. For example, a Phase 0 trial

can evaluate whether an agent inhibits the intended target

(PD) or if adequate drug levels are achieved following oral

administration (PK). Agents that have a narrow therapeutic

index, are cytotoxic, or lack a defined MoA or PD assay can

be evaluated in a Phase 0 PK (i.e. pharmacologically relevant

doses), biodistribution, or imaging study or in a traditional
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Phase I study. Therefore, the decision to conduct a Phase 0

trial and the design of such a trial are dependent on the type

of agent and the questions being asked.

Phase 0 trials with PD end-points require reliable, vali-

dated assays to measure target modulation. Only when the

PD end-point has undergone intensive evaluation prior to trial

initiation can questions about MoA and correlation of PK and

PD effects be answered with reasonable confidence. Assay

methodology determining target modulation should there-

fore be optimised in preclinical models using clinical proce-

dures and tissue handling, processing and storage

procedures standardised prior to clinical trial initiation. These

will establish, for example, whether the amount of tissue ob-

tained from an 18-gauge percutaneous needle biopsy is suffi-

cient to reliably measure target modulation, or confirm that

the sample handling procedures followed in an interventional

radiology suite will not impair evaluation of target effects.

Validation requires extensive resources and an integrated

multidisciplinary team, limiting the feasibility of performing

Phase 0 trials at some institutions.

Phase 0 trials that utilise PK end-points also require

sophisticated and sensitive tools. PK analysis of microdoses

(<100 lg) of drug requires accelerator mass spectrometry

(AMS) or positron emission tomography (PET) techniques,

and for drugs with nonlinear PK, extrapolation to the PK pro-

file at therapeutic doses may be challenging.10–12 However,

accurate assessment of the PK of such drugs can be achieved

by administering pharmacologically active, but subtherapeu-

tic doses.
3. Role of Phase 0 studies in drug
development

The Phase 0 concept is a new strategy with potential value

for drug evaluation, especially in oncology. However, the

FDA review process for exploratory INDs is relatively un-

tested, and there is limited published experience with

Phase 0 trials to date. Many questions remain about drug

suitability for Phase 0 evaluation, choosing an appropriate

starting dose, the extent of preclinical toxicology studies re-

quired, as well as incentives for conducting a Phase 0

trial.13 Phase 0 study designs are therefore worthy of dis-

cussion to clarify what these trials can and cannot achieve,

as well as to explain different regulatory requirements for

exploratory and traditional INDs. MDICT task force mem-

bers discussed the following specific questions pertaining

to Phase 0 trials.

4. How can Phase 0 trials improve the
efficiency and success of subsequent trials?

Phase 0 trials can provide critical human PK and PD data

rather than just animal data to support the design and

development of subsequent trials and can provide a close

approximation to a safe, potentially pharmacodynamically

active starting dose for Phase I studies. Based on these data,

better informed decisions can be made to proceed directly to

Phase I/II trials or conduct a combination Phase I trial with a

non-investigational agent, thus expediting development of
agents or combinations of agents likely to demonstrate clin-

ical activity. Validated assay methodology and standard

operating procedures (SOPs) for tissue handling, processing

and storage can be incorporated into larger, definitive trials.

Results from Phase 0 trials can also highlight any undesir-

able PK or PD properties, such as poor bioavailability or the

lack of target modulation, supporting the decision to elimi-

nate an agent from the clinical development pipeline and

saving resources in the process. Thus, Phase 0 trials offer a

mechanism that allows for the early assessment and expedi-

tious development of promising agents as well as deprioriti-

sation of agents unlikely to provide clinical benefit. Phase 0

trials with PD end-points require allocation of extensive re-

sources early in the drug development process, but could

potentially compress the overall development timeline by

allowing earlier informed go/no go development decisions,

improve the success rate (defined as number of agents that

are approved for standard clinical use), and save valuable pa-

tient resources.5,13
5. Will patients participate in a clinical trial
that lacks therapeutic intent?

Of importance to the MDICT task force is whether patients

with cancer are willing to participate in Phase 0 trials and to

donate tumour biopsy samples for research purposes, as well

as the implications of obtaining informed consent from pa-

tients with advanced cancers. It was felt that such trials

would be difficult to explain to most patients in general

oncology clinics, and accrual would be a major hurdle for suc-

cessful implementation of Phase 0 trials. In the absence of

therapeutic benefit, the acceptance rate for participation

and the need to undergo invasive biopsies will depend on pa-

tient willingness to support oncology research and help fu-

ture patients with cancer. Most members agreed that they

could imagine presenting Phase 0 trials to patients who had

participated in other research trials, as they were more likely

to understand the research component.14 A desire for altru-

ism in this patient population is indicated by the successful

accrual of patients to the first Phase 0 trial conducted by the

NCI.15 However, whether this could be replicated in other

institutions remains a concern.

Another consideration is whether participation in a Phase 0

trial would delay or exclude patients from participating in

other trials that might confer the possibility of benefit. Given

the low doses and short duration of exposure, patients from a

Phase 0 study should have a shorter washout period. For in-

stance, the NCI’s Phase 0 trial, which determined the dose

range and time course over which ABT-888 inhibits PARP

activity, had a washout period of 2 weeks.16 Patients who par-

ticipated went on to safely participate in other trials without

significant delay. MDICT members felt that for each patient

there should be a defined plan of how to integrate participa-

tion in a Phase 0 trial with the overall plan for clinical care.

All options, including other clinical trials, should be clearly

discussed during the consent process.

MDICT agreed with the NCI’s approach for their first Phase 0

trial of not excluding the patients who received the investiga-

tional agent from participating in later-phase trials of that
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agent or class of agents. Acceptance of this concept will re-

quire consistency across the oncology community and chang-

ing protocol eligibility requirements to allow Phase 0

participants to enroll in the clinical trial of their choice at

any institution.

6. Why not just include pharmacodynamic
end-points in Phase I trials?

Including PD end-points in Phase I trials was the subject of a

previous MDICT discussion,2 which recommended including

validated assays wherever appropriate to inform selection of

indication in Phase II testing. However, the majority of Phase

I trials conducted to date do not have PD (e.g. biologic mark-

ers) as a primary end-point, instead establishing the MTD

and toxicity profile remain primary objectives.17–19 It will re-

quire incorporation of validated PD assays into Phase I trials

to obtain reliable data, which can then form a basis for agent

development decisions. Thus, the amount of preclinical re-

sources required for assay validation would be similar be-

tween Phase 0 and Phase I trials with PD end-points.

However, because the toxicology data required to support a

Phase 0 trial are less than that for a Phase I trial, Phase 0 tri-

als can be initiated earlier. This does not mean that a Phase

0 trial will inherently be less safe than a Phase I trial. Suffi-

cient safety data are generated in both cases and the drug

exposure in a Phase 0 trial is significantly less than in a

Phase I trial. In addition, only 10–15 patients will be required

to undergo invasive tumour biopsies as opposed to 20–25
Wide

PD-driven 
Phase 0 trial

PD end-point 
studies

Phase I/II study 
or Phase I 

combination study

Analytically validated 
PD assay No PD ass

+-

Eliminate drug

Fig. 1 – Phase 0/Phase I decision chart for clinical evaluation of a

or Phase 0 study design depends on the characteristics of the a
patients for a Phase I trial or more for a Phase II trial. Unlike

Phase I trials, where PK and PD analyses are frequently bat-

ched at the end of a trial, real-time analyses of samples dur-

ing a Phase 0 trial allows procedures to be optimised within

the scope of a single trial and permit modification of the trial

to explore alternate sampling times. Thus, optimal, feasible

procedures are already developed for assay methodology

and sample handling prior to initiation of a definitive Phase

I trial. However, considerable resources are required to devel-

op and validate such assays and to perform real-time analy-

ses, raising concern about the wider applicability of Phase 0

trials.

MDICT task force members felt that the ability to make

earlier go/no go development decisions could be of great ben-

efit for cancer research. It will be challenging to integrate

Phase 0 studies with PD end-points into pharmaceutical

industries’ go/no go decision making given the resources re-

quired to develop validated PD assays.20,21 However, the

industry has already adopted Phase 0 trials to select the best

drug from several analogues based on PK data.22 MDICT task

force members noted that only when Phase 0 trials with PD

assays and end-points show their value, i.e. a reduced devel-

opment time and/or increased success rate of agents, will

industry show greater enthusiasm for these studies. MDICT

members noted that a decision chart to aid in the decision

making process of choosing Phase 0 over Phase I development

would clarify the process and promote adoption of the con-

cept outside of the NCI. An example of such a flowchart is

shown in Fig. 1.
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Decision Based on 
Outcome of Phase 0 TrialResults of PK/PDPreclinical Evaluation
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Fig. 2 – Go/No Go clinical development decisions based on PK and PD assessments in Phase 0 trials.
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7. What if the drug does not modulate the
intended target in a Phase 0 trial?

There is no certainty that a drug will behave in patients as it

did during preclinical evaluation.23 While Phase 0 trials pro-

vide an early opportunity to assess the PK and PD of a drug

in humans, the primary end-point of target modulation may

not be observed. There are several possible explanations for

this: the drug may not be absorbed and sufficient plasma lev-

els not be achieved; the target may not be modulated by the

drug in some or all of the patients included in the trial or

the PD assay may not be sufficiently sensitive or robust for

use in human samples in contrast to what was anticipated

from preclinical validation studies. Sorafenib was mentioned

as an example of a targeted agent that has clinical efficacy

without the presumed target, Raf, being modulated.24 It was

further noted that sorafenib did not undergo the level of pre-

clinical evaluation that is being proposed for Phase 0 trials.

For instance, the demonstration that inhibition of the pre-

sumed target was associated with an antitumour effect in

animal models was not obtained before clinical testing of

the drug began. Ideally, if sorafenib were going to be evaluated

in a Phase 0 trial, multiple targets would have been evaluated;

if one or more targets were found to be associated with the

antitumour effect, those would have served as trial end-

points. The decision to proceed with a Phase 0 trial is based

on the preclinical data, resources available and the precise

question needing to be answered about further clinical

development.

The opportunity to make clinical development decisions

based on observed target modulation, or lack thereof, de-

pends on the extent of the preclinical evaluation (Fig. 2). It

requires development of validated PK and PD assays and

the demonstration of an association between desired target

modulation at achievable plasma levels of the drug and anti-

tumour activity in preclinical models. Accordingly, there can

be three types of Phase 0 trial outcomes (Fig. 2). (1) If target

plasma levels are achieved and target modulation is ob-

served (PK+, PD+), further agent development is warranted.

(2) If target plasma levels are not achieved and the expected

PD effect is not observed (PK–, PD–), further development is

not warranted. (3) If target plasma levels are achieved but

target modulation is not observed (PK+, PD–), continued

development will depend on the strength of the preclinical

evaluation and type of assay used. For example, if the agent

were an enzyme inhibitor, did the PD assay measure activity
of the target enzyme or a downstream event of enzyme inhi-

bition such as apoptosis? If the PD assay evaluated direct en-

zyme inhibition and no inhibition was observed, the agent

may not be worth further development. When downstream

events such as apoptosis are being evaluated, the target en-

zyme may have been inhibited, but cell death may require

additional events that are not a direct consequence of target

enzyme inhibition. In such a case, one decision could be to

incorporate more than one measure of PD effect to ade-

quately assess the agent.

As with Phase I trials, there is always a potential for false-

negative results, especially in a small and highly heteroge-

neous patient population.25 Choices then include continuing

to pursue the agent in larger trials, administering higher

doses of study drug and examining other possible biologic

markers downstream of the intended PD target for evidence

of activity or utilising the resources to evaluate another agent.

8. Can the costs of non-therapeutic clinical
trials be defrayed?

Given the non-therapeutic nature of Phase 0 trials, costs will

probably not be covered by national health systems or by

insurance and therefore will have to be covered by research

funds or drug sponsors. This may make conducting a Phase

0 trial more feasible for a pharmaceutical company with as-

say development resources and a broad pipeline than for a

small biotech company.

9. Conclusions

The mechanism of clinically testing new oncology drugs has

not changed substantially in 40 years. The failure rate for

new oncology drugs is currently over 90%.4 Phase 0 trials pro-

vide an alternative early drug development paradigm that ad-

dresses some of the current pitfalls. This new paradigm

incorporates validated assays for assessing PD and PK early

in clinical development to potentially expedite rational drug

development. Through this mechanism, drugs unlikely to

have a therapeutic effect may be deprioritised early in the

interest of furthering the expeditious development of more

promising and potentially efficacious agents. An aspect of

Phase 0 trials that have already demonstrated value to indus-

try is informing selection of true clinical development candi-

dates among analogues based on PK parameters.22 However,

only once Phase 0 trials are more widely adopted will it be
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possible to answer the most critical and commonly asked

questions about the concept: do Phase 0 trials actually short-

en the drug development timeline; what percent of drugs

would qualify for Phase 0 testing; would patients in centres

outside of the NCI volunteer for trials of such nature; and

would early go/no go decisions offset the costs of validating

a PD assay so early in development? One suggestion from

the MDICT task force to explore the Phase 0 concept more

thoroughly is to consider running traditional Phase I and

PD-driven Phase 0 studies in parallel to evaluate the impact

of the Phase 0 trial on the subsequent development of an

agent. Throughout these discussions, the MDICT task force

recognised that although the PD-driven Phase 0 trials are

complex and require intense resource utilisation earlier than

traditional Phase I studies (prior to initiating the clinical trial),

they have potential value in oncologic drug development by

informing the path of new agents early in the clinical evalua-

tion process.
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