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Summary

Phase | trials in oncology usually enrolling patients with advanced disease who have failed
standard treatment options. The primary endpoint of these studies is to establish the recom-
mended dose and/or schedule of new drugs or drug combinations for phase Il trials. The guid-
ing principle for dose escalation in phase | trials is to avoid unnecessary exposure of patients
to sub-therapeutic doses of an agent. The mission of phase | clinical trials is to accelerate the
development of new anticancer drugs with the purpose of improving quality of life and survival
for patients with cancer.
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Souhrn

Do klinickych studii fazi | v onkologii jsou obvykle zafazovani pacienti s vycerpanymi moz-
nostmi standardni Ié¢by. Primarnim cilem téchto studii je stanoveni doporucené dévky nebo
déavkovaciho schématu pro nasledné studie faze Il. Postupna eskalace davek v ramci studii faze
| vychazi z preklinického testovani a je planovana na principu minimalizace rizika vystaveni
pacientl subterapeutickym hladindm léciva. Klinické studie faze | napomahaji vyvoji novych
protinadorovych léciv s cilem zlepseni kvality Zivota a celkového pieziti u pacientl s nadoro-
vym onemocnénim.
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Introduction

In the drug development, phase | trials
are the studies where a drug is initially
given to humans. These trials are con-
ducted mainly to evaluate the safety of
new drug. The primary endpoint is to
establish the recommended dose and/
/or schedule of new drugs or drug com-
binations for phase Il trials. The guiding
principle for dose escalation in phase |
trials is to avoid unnecessary exposure
of patients to sub-therapeutic doses of
an agent. Dose escalation methods for
phase | cancer clinical trials fall into two
broad classes: the rule-based designs,
which include the traditional 3 + 3 de-
sign and its variations, and the model-
-based designs [1].

The Rule-Based Design

The rule-based designs assign patients
to dose levels according to pre-speci-
fied rules based on actual observati-
ons of target events (e.g. the dose-limi-
ting toxicity) from the clinical data. The
traditional 3 + 3 design remains the pre-
vailing method for conducting phase |
cancer clinical trials [2]. It requires no
modelling of the dose-toxicity curve
beyond the classical assumption for cy-
totoxic drugs that toxicity increases with
dose. This rule-based design proceeds
with cohorts of three patients; the first
cohort is treated at a starting dose that
is considered to be safe based on extra-
polation from animal toxicological data
and the subsequent cohorts are treated
at increasing dose levels that have been
fixed in advance. Historically, dose esca-
lation has followed a modified Fibona-
cci sequence [2] in which the dose in-
crements become smaller as the dose
increases (e.g. the dose first increases by
100% of the preceding dose and there-
after by 67%, 50%, 40%, and 30-35% of
the preceding doses). If none of the three
patients in a cohort experiences a dose-
-limiting toxicity, another three patients
will be treated at the next higher dose
level. However, if one of the first three
patients experiences a dose-limiting to-
xicity, three more patients will be treated
at the same dose level. The dose escala-
tion continues until at least two patients
among a cohort of three to six patients
experience dose-limiting toxicities

(i.e. = 33% of patients with a dose-limi-
ting toxicity at that dose level). The re-
commended dose for phase Il trials is
conventionally defined as the dose level
just below this toxic dose level.

The main advantages of the traditio-
nal 3 + 3 design are that it is simple to
implement and safe. However, a dis-
advantage of this design is that it invol-
ves an excessive number of escalation
steps, which results in a large propor-
tion of patients who are treated at low
(i.e. potentially sub-therapeutic) doses
while few patients actually receive doses
at or near the recommended dose for
phase Il trials.

Model-Based Design

On the other hand, model-based designs
assign patients to dose levels and define
the recommended dose for phase Il trials
based on the estimation of the target
toxicity level by a model depicting the
dose-toxicity relationship [1]. This me-
thod can be conveniently carried out
using Bayesian models. The occurrence
of toxicity (or not) in patients enrolled at
each dose level provides additional in-
formation for the statistical model and
results in an adjustment of 6 (also cal-
led posterior distribution of 8) according
to Bayes’ theorem. The posterior distri-
bution is then evaluated to identify the
dose closest to the target toxicity level,
and this dose is used to treat future pa-
tients and to set the recommended dose
for phase Il trials. These model-based
designs use all of the available data to
model the dose-toxicity curve, and they
provide a confidence interval for the re-
commended dose for phase Il trials at
the end of the trial [1].

Many phase | studies are designed to
investigate combinations of two or more
agents. The combination of two or more
agents in the clinic should be based on
a strong scientific rationale rather than
simple empiricism. Unfortunately, precli-
nical models that accurately predict syn-
ergism or even additivity are not well
characterised, and existing preclinical
models often focus on the antitumour
effects of drug combinations while igno-
ring their potential for creating severe
toxicities. Determining the recommen-
ded dose for phase Il trials of agents to

be administered in combination may ap-
pear easier than that for single agents,
given that the recommended dose for
phase Il trials and the toxicity of each
drug are already known. For this rea-
son, phase | combination trials usually
explore only a limited number of dose
levels. Korn and Simon [3] developed
a graphical method to define the maxi-
mum tolerated doses (MTDs) of drugs
to be used in combination that relies on
the organ-specific toxicities of the drugs
when given as single agents. However,
this method was developed using cyto-
toxic drugs, which have a high likelihood
of overlapping toxicities (in particular
haematologic toxicities). By contrast,
when drugs to be administered in com-
bination have different mechanisms of
action or non-overlapping toxicities, the
recommended dose for phase Il trials for
the drug combination is usually expec-
ted to be near the recommended dose
for phase Il trials of each drug given as
asingle agent.

All of these methods were develo-
ped in the era of true cytotoxic drugs
when it was assumed that both effi-
cacy and toxicity increase with dose.
These relationships are typically re-
presented by dose-toxicity and dose-
-efficacy curves in which toxicity and
efficacy increase monotonically with
increasing drug dose. Consequently,
these methods have used toxicity as
the primary endpoint. For inhibitors
and therapeutic antibodies targeted
agents, the dose-efficacy and dose-
-toxicity curves may differ from those
for cytotoxic agents, and efficacy may
occur at doses that do not induce clini-
cally significant toxicity.

Phase | Trials with Targeted Therapy
Targeted agents are designed to modu-
late specific aberrant pathways in cancer
cells while sparing normal tissues, such
that the toxicity and efficacy of these
novel agents may not be dose depen-
dent. Alternative endpoints besides to-
xicity have been proposed for phase |
trials that evaluate targeted agents, in-
cluding target inhibition in tumours or
surrogate tissues and/or detection of
biologically relevant pharmacokinetic
levels [4-7].
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The emergence of targeted, so-cal-
led “non-cytotoxic” therapies as antican-
cer agents may challenge the traditio-
nal phase | study paradigm in a variety
of ways [8-12]. Unlike cytotoxic agents,
most of which act on DNA or tubulin,
these new therapies have targets inclu-
ding membrane receptors, components
of cytoplasmic signalling pathways,
cell cycle regulator proteins and pro-
teins or factors important in angiogene-
sis. Because the resulting antineoplas-
tic effects may be cytostatic (i.e. inhibit
tumour growth or prevent metastases)
rather than cytotoxic, early efficacy
trials may need to incorporate measu-
res of antitumour behaviour other than
changes in tumour size. In addition to
different mechanisms of action and po-
tential antitumour effects, these novel
compounds may also be characterised
by a lack of clinically significant organ
toxicity compared with conventional
chemotherapy. Thus, although deter-
mination of the recommended phase Il
dose using toxicity as a surrogate end-
point for activity may be unnecessary or
unachievable in the phase | setting for
these agents and therapies, demonstra-
tion that the agents have the desired tar-
get effect is an important aspect of their
early clinical development.

Alternatives to toxicity as a surro-
gate endpoint for phase | dose esca-
lation trials evaluating non-cytotoxic
therapies can include measurement of
target inhibition and/or pharmacoki-
netic analysis. Although measurement
of a molecular target effect seems logi-
cal, it is associated with several challen-
ges. First, given the complexity of cellu-
lar pathways and signalling processes, it
may be difficult to define the appropria-
te measure of achieved target effects for
a specific drug. Second, restricting pa-
tient enrolment to those with accessi-
ble disease for assessment of the drug
effect on the tumour decreases the eli-
gible population and puts an additional
level of ethical and administrative bur-
den on the conduct of the trial. Even if
patients consent to tumour biopsy, se-
rial tumour sampling is invasive and as-
sociated with sampling errors resulting
from the heterogeneous tissue composi-
tion of cancers. The use of surrogate tis-

sues such as skin, mucosa, or peripheral
blood may be an appropriate solution to
these problems, provided that changes
in the surrogate tissue parallel those in
the tumour in preclinical studies. Third,
the optimal level of “target inhibition”
needs to be defined. Finally, a reliable
assay for measurement of the drug ef-
fect needs to be available. Pharmacoki-
netic endpoints, such as achieving tar-
get plasma levels of the drug, may help
with phase | study dose selection of the
non-cytotoxic drug. However, pharma-
cokinetic endpoints are appropriate
only if sufficient preclinical data exist de-
monstrating a convincing pharmacoki-
netic - pharmacodynamic relationship.

Drug toxicity, however, remains an im-
portant part of phase | drug evaluation
for all drugs. Drug toxicities can be de-
termined and reported relatively easily
because of the existence of standardi-
zed criteria. Furthermore, even if toxicity
is not the primary endpoint of the dose
escalation study, its description remains
a necessary part of early testing of new
agents. Although the use of toxicity for
dose selection may not be appropriate
for agents that have maximal target in-
hibition at nontoxic doses, this method
of dose selection minimizes the possibi-
lity that a sub-therapeutic dose will be
chosen.

Ethical Issues with Conducting Phase |
Trial

Phase I clinical trials in oncology are ty-
pically small, single-arm, open-label, se-
quential studies that include patients
with a good performance status whose
cancers have progressed despite stan-
dard treatments. The use of a vulnerable
population with high expectations of
benefit in a scientific experiment creates
challenges for the protection of human
research subjects. Once a well designed
study has been established, the primary
challenge is to ensure the voluntary in-
formed consent of research partici-
pants [13]. This process involves an ex-
planation of the rationale for the study
and details of what study participation
actually involves in terms of schedules,
drug administration, tests and procedu-
res, and predicted toxicities. It also in-
volves an explanation of the nature of

phase | clinical trials with a focus on the
nature of uncertainty in terms of risks
and benefits, differences between trial
care and prior care outside a trial.

Understanding of all these ethical is-
sues, endpoints and principles of phase |
design is a crucial step not only for the
patients, but also for the physicians and
investigators.

Clinical Trials at Masaryk Memorial
Cancer Institute (MMCI)
The tradition of conducting clinical trials
at MMCI dates back to the 1970's, when
the institute was an important research
partner of the pharmaceutical company
Lachema in the area of the develop-
ment of new cytostatic drugs. However,
since the last decade of the 20" cen-
tury the possibility of clinical research
and the number of clinical trials have
significantly increased which has led to
the establishment of the new Clinical
Trials Unit (CTU) in 2000. Since 2000, al-
ready for more than a decade, the CTU
has been providing unique professional
and administrative support to clinical re-
search at MMCL. In the last ten years, the
Institute has contributed to more than
250 clinical trials, in particular phase Il
and Il

The department is directed by an ex-
perienced clinical pharmacologist. The
team consists of 9 study coordinators/
/nurses, a data manager and an admi-
nistrative coordinator. The unit provi-
des complete pre-study procedures and
after the initiation of a clinical trial co-
ordinates its implementation under the
protocol. It also provides data mana-
gement and communication with the
sponsor. The most common sponsors
of clinical trials in the MMCI are phar-
maceutical companies, as well as Euro-
pean research organizations (EORTC,
CEECOG) and increasingly more often
also academic institutions (investiga-
tor initiated trials). The preparation of
a new clinical trial and pre-study proce-
dures, i.e. the approvals of the State In-
stitute for Drug Control (SIDC) as well as
Ethics Committees and the contract sig-
nature, takes approximately 3 months.
The CRU is the main partner of principal
investigators (PI). The team dedicated to
every clinical trial consists of a Pl, co-in-
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vestigators, study coordinator/nurse, ra-
diologist, pharmacist and a pharma-
ceutical assistant. In 2010, there were
19 new clinical trials initiated at MMCI
and 246 patients enrolled. However, the
total number of patients undergoing the
treatment in the clinical trials was 877
that year. In some clinical trials we have
achieved a leading global position in the
number of enrolled subjects.

Phase | Unit

However, since 2010 the spectrum of
clinical trials has been moving towards
the earlier phases of the development of
a new drug. The trials of phase | and I,
which are often “first in men’, have grea-
ter demands on the professional, techni-
cal and organizational aspects of its rea-
lization. For this reason, Phase | Unit was
established at Masaryk Memorial Can-
cer Institute in February 2012. The Unit
provides complete implementation of
the clinical trials of early phases in accor-
dance with all legislative requirements,
good clinical practice (ICH GCP) and in-
ternational standards. It is made up of
two triple rooms within the Depart-
ment of Complex Oncology Care. Our
unit is a semi-intensive care unit with fa-
cilities for close patient surveillance, in-
cluding continuous cardiac monitoring.
There are six full-time beds with staff
seven days a week and an outpatient cli-
nic for therapy and follow-up. Our own
staff of trained and GCP-examined re-
search nurses obtain and handle blood
samples for PK and PD in the laboratory
facilities in the phase | unit. Tissue sam-
pling and processing for further analysis
including snap-freeze technique can be
undertaken through our collaboration
with the department of diagnostic ra-
diology/pathology and the surgical de-
partments. Extensive pharmacokinetic

measures can be analysed at the Depart-
ment of Laboratory Medicine.

Mainly proof-of-concept studies ty-
pically require genomics, proteomics,
metabolomics, advanced imaging and
other sophisticated research tools that
rarely exist in a clinical setting but can be
accessed through the RECAMO (Regio-
nal Centre for Applied Molecular Onco-
logy, www.recamo.cz) [14]. The purpose
of RECAMO is to bring together research
scientists and clinicians with a common
aim - to translate the advances in our in-
creasing ability to study cancer into real
advances in patient care. By augmen-
ting these resources with the scienti-
fic and operational capabilities of MMCI
we create a new paradigm that incorpo-
rates the exhaustive study of new com-
pounds into standard practice in early
phase research.

Our ambition is to become a part of
the European network of phase | units
and to participate in phase | clinical trials
conducted in Europe and overseas.

Conclusion

Phase | trials are the cornerstone for
advancement of new therapies and also
represent the clinical starting point for
all new drugs undergoing clinical eva-
luation in patients. Although traditio-
nal scientific goals - such as defining the
phase Il dose, toxicity, and pharmacoki-
netic profile assessment — will remain,
other parameters will need to be expan-
ded and refined, including incorporating
novel trial endpoints and designs. Seve-
ral recent phase | studies have changed
the landscape of cancer therapeutics
and have suggested that early biomar-
ker identification can substantially incre-
ase therapuetic benefit and shorten the
drug development timeline [15]. Early
biomarker identification and matching

patients based on their personal mo-
lecular profiles are the cornerstones of
a critical paradigm shift needed to im-
prove the outcome for patients with
advanced, refractory cancers. Therefore,
the goals of properly performed phase |
trials should clearly be scientific as well
as therapeutic. The mission of phase | cli-
nical trials is to accelerate the develop-
ment of new anticancer drugs with the
purpose of improving quality of life and
survival for patients with cancer.
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