
Chapter 2

Protocol development of Phase I clinical protocol for first-in-human
use of a PARP-l inhibitor in combination with a cytotoxic agent
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2.1 Introduction

The role of PARP-1 in base excision repair and its potential in combination with

temozolomide has been discussed in chapter 1. As part of the Northern Institute for

Cancer Research Drug Development programme potent novel PARP-1 inhibitors have

been developed. One of these, AG014699, has been identified as the potential clinical

candidate and has moved forwards into a First-in-Human clinical trial. The phase I

clinical trial is based in the United Kingdom with Newcastle as the coordinating

centre. The other participating investigators and centres are Professor Harris and Dr

Middleton in Oxford and Professor Johnson and Dr Wilson in Belfast.

The initial proposal which was considered and accepted by the New Agents

Committee (NAC) of Cancer Research UK (formerly Cancer Research Campaign)

comprised two trials with AGO14447, one in combination with irinotecan, a

topoisomerase I inhibitor, and one with temozolomide. It is this latter trial that is

critical to the work described in this thesis, the trial with irinotecan is planned for a

later phase of the clinical development. The nomenclature of the compound for

clinical use was subsequently changed, AGO14699 is the phosphate salt of the parent

compound AGO14447 (8-Fluoro-2-(4-methylaminomethyl-phenyl)-1,3,4,5

tetrahydro-azepino[5,4,3-cd]indol-6-1). During the clinical trial the drug is referred to

and prescribed as AG014699, however the compound measured in pharmacokinetic

studies in AGO14447.

The initial proposal to the New Agents Committee proposed the clinical development

of AG14361. At a late stage of the preclinical planning stage AG014447/AG014699

was discovered. This agent is more potent and more water soluble and was finalised

as the first clinical candidate. The late change in trial agent means that some of the

early pharmacodynamic assay development was done using AG14361 as the drug

reference. All final validation has been done using AGO14699. The chemical

structure of AGO14699 is shown in figure 1.10, this is a yellow solid, molecular

weight of 421.36. The compound is water soluble, and is stable for at least 30 days

either in the solid form or in solution in 50/0 dextrose (Pfizer, unpublished

observations). Crystallographic analysis of AG014447 bound to the inhibited target

enzyme revealed that the drug binds to the active site of PARP-1, forming 3 hydrogen
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bonds. The K; determined using 32p_NAD+ incorporation into polymer by purified

full-length human PARP, is 1.4 nM (unpublished AgouronlPfizer data). AG014699

inhibits oligonucleotide-stimulated PARP-l activity measured using a e2p] NAD+

incorporation assay in permeabilised SW620 cells (ICso= 24 nM). Analysis of the

time course of inhibition after exposure to 0.4 mM AG014699 showed >60%

inhibition of PARP-l up to 2 hours post-treatment confirming its tight binding and/or

cellular retention (Suzanne Kyle, personal communication).

A large part of this MD project has involved authorship of the first draft of the phase I

clinical trial protocol, and subsequent modifications and review in collaboration with

colleagues from the other centres involved, Cancer Research UK and Pfizer. The

toxicology summary of the protocol (section 1.2.4) was written by Professor Herbie

Newell and Sections 7.1.2.1 and 5.1, the pharmacokinetic processing of and

pharmaceutical information on AG014699 was written by Dr Poe Hsyu of Pfizer

GRD. The approved protocol is currently recruiting patients into part 1 of the trial.

In this chapter of the thesis the salient preclinical studies will be discussed and the

protocol design assessed in detail.

2.2 Preclinical efficacy study

During the preclinical assessment of AGO14699 a number of critical efficacy studies

were carried out in Newcastle. The design and results of these are summarised below

as these were instrumental in decisions made during the development of the phase I

trial protocol. The practical work for this efficacy study was performed by Chris

Calabrese, Suzanne Kyle, Huw Thomas and Mike Batey.

There were two arms to the studies: an efficacy arm and a PKlPD arm.

2.2.1 Efficacy

Groups of 5 CD-1 nude mice were inoculated subcutaneously with 1x107 SW620

colon cancer cells. The implanted tumours were allowed to develop; when they were

palpable (approx 4x4 mm, -day 10 after inoculation) treatment was started. The
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When the new clinical candidate AGO14699 was identified as the agent which would

be taken first into clinical trials the experiment described above was repeated using

this new inhibitor. Groups of 5 mice were again treated for 5 days with control

vehicle, temozolomide alone at a dose of68 mg/kg and 136 mg/kg oftemozolomide

in combination with 0.1 mg/kg, 1 mg/kg or 10 mg/kg AGO 14699. An additional

group of animals was treated with 10 mg/kg AGO 14699 alone to establish whether

this dose was toxic and/or efficacious as a single agent and as a control for

cannulation effects.

The results are shown in figure 2.2; temozolomide alone delayed tumour growth by

about 22 days (time to RTV4 in treatment group - time to RTV4 in control) whereas

AGO 14699 alone at the highest dose used had no effect on tumour growth compared

to control. Treatment with the combination of temozolomide 68 mg/kg with

AG014699 0.1 mg/kg caused a modest potentiation of the response to temozolomide.

A ten-fold increase in dose of inhibitor to 1 mg/kg caused xenograft cures, as had

been demonstrated previously with 15 mg/kg AG 14361. However, increasing the

dose of PARP-l inhibitor by another ten-fold in combination with temozolomide was

toxic and all animals had to be sacrificed. This dose of AGO 14699 alone was not

toxic.

Figure 2.2
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Figure 2.4
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Figure 2.4 Plasma and tumour AGOl4447 levels (mean ± SO, n=5) left y axis 30 minutes, 6 and 24

hours after I rng/kg AGOl4699 i.p , tumour PARP activity as % control right y-axis (mean ± SO, n=5).

2.3 Protocol development

2.3.1 Summary of protocol design

Any novel anti -cancer agent must be registered with one of the regulatory authorities

before it can enter into standard clinical treatment. Before registration is permitted a

programme of preclinical drug toxicity assessment and rigorous clinical trials must

take place. Preclinical repeated-dose toxicity studies of a defined duration, depending

on the proposed length of treatment of patients, are required in one rodent and one

non-rodent species by US and European regulations (Farrell, Leighton et al. 2003).

These studies should use similar schedules and duration to those planned in the Early

Clinical Trial. The results from the toxicity studies are used to predict possible

toxicity and to define starting dose.
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The trial outline proposed and approved in the NAC application was a phase I

combination study of AGO 14699 with temozolomide in patients with advanced solid

malignancies. Development of anti-cancer drugs, which may have serious and life

threatening toxicities, involves the treatment of patients rather than healthy

volunteers. This places a burden of careful study design on researchers to minimise

the chance of serious toxicity whilst avoiding treating large numbers of patients at a

sub-therapeutic dose.

Phase I clinical trials aim to determine the toxicity profile of new drugs or

combinations and establish acceptable doses for subsequent studies. It is hoped that

preliminary evidence of activity will also be seen, however the chances of this are

small given the disparate and resistant tumour types enrolled. The overall response

rate in phase I anticancer drug trials is reported as 4-6% (reviewed in Horng, Emanuel

et al. 2002). The specifics of trial design will vary between trials, depending on

whether the trial is a single agent phase I, a cytotoxic combination study or involves

one of the biological targeted therapies; however the general principles in study

design are similar. The starting dose is defined from the results of preclinical toxicity

studies. Cohorts of between 1-3 patients are treated at each dose level and toxicity

assessed, if no significant toxicity is observed the dose is increased by a previously

defined factor and a new cohort of patients recruited. When toxicity is observed the

cohort is expanded and subsequent dose escalation may be in smaller increments. In

combination studies the individual drugs may be escalated alternately or in sequence.

The maximum tolerated dose is thus defined. A variety of dose escalation schemes

exist including standard and modified Fibonacci, continued reassessment (O'Quigley,

Pepe et al. 1990), accelerated titration (Simon, Freidlin et al. 1997), and

pharmacologically guided dosing. All the schemes aim to minimise the numbers of

patients treated at low ineffective doses whilst safely defining dose limiting toxicity

(Rubinstein and Simon 2003).

The initial proposal for the first in human study of AGO14699 is summarised in the

protocol concept sheet below (figure 2.5) which was submitted as part of the early

negotiations over trial set-up before my involvement with the project. This is the

working template from which the protocol evolved and illustrates the starting point

from which the protocol was written. A number of changes have been made and these
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