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INTRODUCTION

Clinical trials are experiments conducted in
human subjects for the purpose of évaluating
one or more therapeutic interventions. Unlike
observational studies, treatments are initiated
according to a prospective plan for their
evaluation, and data are collected purpose-
fully and prospectively. All aspects of the
study rationale, objectives, design, treatments,
data requirements, statistical justification, and
analysis plan are detailed in the protocol doc-
ument. While laboratory experiments and
observational studies in cancer patients can
generate knowledge about cancer behavior,
biologic ~determinants of outcome, and
hypotheses about therapeutic. benefit, it is
only through clinical trials that therapeutic
interventions can be reliably assessed. Since a
clinical trial is an experiment, it must begin
with a hypothesis or question: What are the
toxic and/or biologic effects of a treatment or
intervention? What effects does an inter-
vention have on rates of tumor response, or
on time to relapse, progression or death? Does
it have a beneficial or detrimental effect on
quality of life? To be successful, a study must
clearly define the question and outcome
measure(s) of interest, utilize an appropriate
design and sample size to address the ques-

tion, and collect and analyze data according to
prespecified criteria. Furthermore, studies in
human subjects must comply with inter-
national standards of ethical review and
conduct. Finally, at the conclusion of each
trial, the interpretation of its results should be
undertaken in the context of pre-existing
knowledge in the particular clinical setting
studied. This chapter will address all of these
aspects of clinical trials in cancer patients.

INTERNATIONAL STANDARDS AND
HARMONIZATION

Today, cancer research, both basic and clini-
cal, takes place in an international arena.
Results of a trial in Europe or Japan can influ-
ence practice and research questions in North
America, and vice versa. For this process to be
effective, those engaged in clinical cancer
research have required a common ‘language’
to describe clinical trial outcomes. Thus, in
the 1970s, the World Health Organization
(WHO) initiated a series of international
meetings to standardize reporting of cancer
study results. The resulting recommendations
led to the publication in 1981 of an article:
‘Reporting tesults of cancer treatment” and
were also made available in a WHO hand-

book. Sections were included regarding
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reporting of baseline patient data, treatment
delivery, toxic effects (WHO toxicity criterta),
objective response, time to event results such
as progression and survival, and general
guidelines on reporting trial results (e.g.
" numerators and denominators, maturity of
data, definition of ‘cure’, and more).

The WHO recommendations were widely
adopted, but with time were found to be
wanting in certain areas. The toxicity criteria
were too simple, not allowing for precise
descriptions of many toxic effects of treat-
ment. An initiative by the US National Cancer
Institute {(NCI) in 1982 led to the creation of
‘Common Toxicity Criteria (CTC), which
have undergone several revisions to respond
to the need for expanded toxicity categories.
The Response Criteria, as defined in the WHO
handbook, have also been adapted by many
international research groups to accommodate
their individual research needs. Unfortu-
nately, this has led to non-comparable defini-
tions for respomse in some situations — the
precise circumstance that the WHO criteria
set out to avoid. To address this, and in
response to a widespread recognition that the
imaging tools to assess tumor burden have
become more sophisticated during the past
two decades, an International Working Party
has begun the task of standardizing and sim-
plilying response criteria once again.

The Guideline for Good Clinical Practice is
the product of an international collaboration
ol regulatory agencies to achieve harmonized
standards and requirements for the registra-
tion of medicinal products internationally
(International Conference on Harmonization,
ICH). This effort, which is more broadly
based than just cancer research (but which
applies to cancer clinical trials of investiga-
tional agents), has been underway since 1989.
Topics for guideline development include

quality, safety, efficacy, and statistical consid-
erations in clinical trials. As each topic is
identified, several formal steps of discussion
and development take place, which culminate
in a final guideline recommended for adoption
by government regulatory agencies. For
example, the Guideline for Good Clinical Prac-
tice completed all the steps in the develop-
ment process, and was ready for adoption into
domestic regulations as of May 1996. The
European Union agency, the CPMP, adopted
it in July 1996. Not all countries move with
the same speed in completing the adoption
step, but these guidelines remain useful inter-
national references, since there is a commit-
ment in Europe, Japan, the USA, and Canada
to adopt them when they been completed.

ETHICAL CONSIDERATIONS

International standards have also evolved with
respect to the ethical conduct of trials and the
protection of human subjects in medical
research. The Nuremberg Code (1947) and
the Declaration of Helsinki (1964) defined
principles to govern biomedical research and
protect the rights, safety, and well-being of
trial subjects. Specifically delineated were
issues of informed consent and its voluntary
nature, the need for scientific rigor in the
rationale and design of the proposed investi-
gation, balance in the potential risks and
benefits of the investigation, and the obliga-
tion to truthfully report results. Other juris-
dictions have elaborated on these principles,
in some cases defining regulations governing
the conduct of clinical research. The Guideline
for Good Clinical Practice reaffirms the princi-
ples of the Declaration of Helsinki. It also
details the process of ethical committee
review ol research, the obligations of the
investigator and the sponsor in clinical trials,




the required elements of clinical research pro-
tocols, and the documents that must be in
place prior to beginning a clinical trial.

The ethical issues associated with phase I
cancer trials have received special attention
because the study population is a particularly
vulnerable one: comprising individuals with
the disease for whom standard or curative
therapy has been exhausted.” In this setting, it
is the task of the investigators to assure that
the process of consent does not overempha-
size the potential benefits of an untested treat-
‘ment but instead conveys in lay language the
true goal of the phase T trial: administration of
gradually increasing doses of drugs to the
point of unacceptable toxicity (see below).
Although often unstated, the goals of the
patient are likely to be at variance with this.
Thus there are challenges to ethical commit-
tees, educators, and investigators to be aware
of this special area of concern, and to train
physicians in  the communication skills
required to discuss the benefits and risks of
enrolling patients on phase 1 studies.”

Ethical issues are also particularly relevant
for randomized clinical trials in which the
choice of treatment from among an acceptable
set ol options is determined by a chance
mechanism.* A distinction is made between
the physician investigator, whose primary
responsibility is for the welfare of the patient,
and the clinical scientist, who also has an
interest in conducting clinical research. Some
argue that these roles are in conflict when the
care of individual patients is at stake, thus
making randomized trials inherently unethi-
cal. Others argue that applying therapies
without substantial evidence concerning their
safety and effectiveness is unethical and that
the most valid way to obtain unbiased evid-
ence is from randomized studies. Investigators
must achieve a state of equipoise regarding
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the risks and benefits they perceive for each
individual patient they subject to a random
allocation of treatment. The extent to which
physicians can achieve such equipoise
depends upon the degree of uncertainty they
acknowledge concerning the correctness of
their ‘best bet’ of appropriate treatment for the
patient. A balance is required between the
patient’s individual benefit versus the value of
the trial to science and to future patients.
When in doubt, the concerns for the indi-
vidual patient should take precedence over
the concerns for the study. Ethical studies are
also those that seek to minimize any extra
effort required of the patients to participate.
Respect for the patients as individuals is an
important aspect of ethical clinical trials.

THE PROTOCOL DOCUMENT

A carefully conceived and executed protocol
document is essential for conducting a high-
quality clinical trial. The elements of the pro-
tocol document are listed in Table 3.1. This
table provides an excellent summary of the
most important aspects of clinical trial design,
conduct, analysis, and report. Whatever is not
included in the protocol document is left to
the vagaries of individual interpretation. This
may jeopardize the study quality. Unless the
essential elements are clearly defined before
the trial begins, the potential for obtaining
biased and uninterpretable results exists. For
example, bias can occur if the protocol does
not contain enough information to describe
the procedures to be followed il a patient has
a toxic reaction requiring dose reduction (or
the cessation of a therapy), or if a patient has
a recurrence of the disease that requires
changes in treatment. Regulatory authorities
rely exclusively on the protocol as the funda-
mental record of the prospective plan for the
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Study schema

Background and rationale

Objectives

Patient population

Treatment allocation

Treatment

Follow-up procedures

Endpoints

Statistical considerations

Forms submission

Informed consent

A pictorial summary of the essential elements of the study
design. This should be simple and logical, and should reflect
the study objectives.

A description of current state of knowledge that justifies the
planning and conduct of the trial.

Few in number, and achievable with the proposed study
design.

A clearly defined and ideally homogeneous cohort. Eligibility
and ineligibility criteria should be easily verifiable at the time
of patient enrollment, and the rationale for the criteria should
be consistent with the study objectives.

Randomization used to avoid bias in comparative trials,
stratification to achieve prognostic factor balance or to
prospectively define intended subgroup analyses. Discussion of
placebo control group, crossover plan, etc.

Pescription of treatment administration, schedule, duration,
potential toxicities, dose modification criteria.

Patient visit schedules, and clinical laboratory data to be
obtained.

Standardization and quantification of criteria for the evaluation
of treatment effects. Definition of primary and secondary
endpoints for analysis.

Review and justification of study design, presentation of
sample size determinations, description of monitoring policies
and plans for interim analyses, and outline of data analysis
plan.

Simple, efficient, and comparable schedules for all treatment
arms. Discussion of special quality control procedures.

Description of study rationale and objectives, risks, benefits,
alternative treatments (including no additional therapy), and
statement of the right to withdraw in terms that can be
understood by the patients.




clinical trial. A well-written protocol not only
serves to improve the quality of study
conduct, but should also provide much of the
material required for a meaningful presenta-
tion of the results at the conclusion of the
trial.

. DATA MANAGEMENT AND QUALITY
CONTROL

Good data management practices are so essen-
tial for conducting a high-quality trial that
they should be the responsibility of trained
data managers rather than being left to busy
clinicians.® Assurance that informed consent
was obtained, proper verification of eligibility
criteria prior to patient enrollment, and
recording of treatment information are the
first steps. Data monitoring of studies and
quality control audits to verify that data
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reported on the case reports forms agree with
the information in the patients’ medical
records are fundamental aspects of the Guide-
line for Good Clinical Practice. Data fraud in
biomedical research is likely to be extremely
rare, but when it is discovered the loss in con-
fidence in the entire clinical trial process can
be devastating. Protocols must therefore be
designed so that they are feasible to conduct
with good quality control standards.

THE CLINICAL TRIAL PARADIGM

To understand the statistical principles for the
design and analysis of clinical trials, it is
important to  distinguish between the
observed outcomes obtained from the study
and the effects that the treatment might
produce in the larger target population. This
distinction is illustrated in Figure 3.1. The

Sample of opportunity
(protocol patients)

A4

Patient population I«

Figure 3.1

Observed results Clinical trial paradigm and example

A

for a phase 1{i trial.

inference about the population |

Postmenopausal Randomized dinical trial Five-year disease-free
‘patients with comparing five years of survival estimates:
operable »| tamoxifen (7 = 306) » tamoxifen alone = 55%
node-pasitive versus three cycles of {MF + tamoxifen = 64%
breast cancer CMF plus five vears of
' tamoxifen (17 == 302):
IBCSG Trial Vi

Observed results are statistically significant (p = 0.02).
Conclude that adding CMF to tamoxifen is effective for

nostmenopausal women with operable, node-positive breast cancer
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protocol document defines the patient popu-
lation of interest. The clinical trial recruits a
sample of opportunity. The study endpoints
obtained from the selected sample are
recorded, and the results are summarized
using statistical methods. The statistical
methods are available to describe the observed
results obtained in the sample and to infer
what the true effect of treatment might be in
the patient population based on the observed
results. The lower portion of Figure 3.1 illus-
trates an example for a phase 11 study. In this
case, the five-year disease-free survival per-
centages provide the descriptive estimates
summarizing the study results, and the p
values provides the statistical inference, indi-
cating that the observed results could be
expected only 2 times out of 100 if the two
treatments were actually equally effective for
the patient population.

The observed result from a clinical trial is
the sum of the average true effect of treatment
for the patient population, systematic error
(or bias), and random error {or variability).
The objectives of clinical trial methodology
are:

* to minimize biases that might produce
observed treatment effects that are distor-
tions of the real impact of treatment;

* to minimize the variability of the trial esti-
mates by evaluating an adequate sample
size to detect treatment effects that might
be reasonably expected.

All of the principles of clinical trials discussed
below are designed to achieve one or both of
these objectives.

ENDPOINTS

Standard descriptions of the endpoints of clin-
ical trials are important if results are to be

properly interpreted. The study endpoint is
the information to be used to quantify the
effect of the treatments being studied. It can
consist of: '

(a) a quantitative {(discrete or continuous)
measurement on each patient at a particu-
lar point in time, or longitudinally’, ie.
several times throughout the follow-up
time; ‘

{(b) the observation of whether or not a
particular event has taken place; or

(c) the time elapsed between a pre-fixed time
point (such as randomization or initiation
of treatment) and the moment when a
certain event occurs.

An example of a continuous outcome
belonging to category (a) is the measurement
of bone mineral density at the end of treat-
ment. The emotional well-being of a patient
assessed on a scale with multiple levels is a
discrete quantitative measure with ‘categori-
cal’ outcomes. The outcomes of type (b) are
frequently defined endpoints in a clinical rial,
and can be regarded as a particular (‘binary’)
case of discrete outcomes. The occurrences of
these outcomes are referred to as ‘events.
Examples of events of interest can be disease
progression within one year, response to treat--
ment (such as tumor shrinking), or the occur-
rence of some toxic reaction.

The outcomes in category {c) are usually
called ‘survival times’, but the final event that
defines the time interval does not have to be
death (in fact, disease-free survival is a very
common endpoint). Not all patients will have
had the event of interest by the time of the
data anmalysis. The ‘survival time’ of these
patients is only known up to a lower bound
(the latest time that they were observed as not
having had the event), and these ‘survival
times’ are called ‘censored’. The presence of



censored observations complicates the analy-
sis of the trial data. In particular, the reported
results may be subject to bias il the chance of
censoring is related to treatment, for instance
if some patients never returned for later visits
(‘lost to follow-up’) because of toxic effects or
worsening of their health.

Recently, there has been an increase in the
use of surrogate measures of type (a) or (b),
which may be correlated with survival, so that
conclusions about treatment benefit can be
made in a shorter time frame. In cancer clini-
cal trials, an example of a suiTogate measure is
complete response to treatment, but complete
responses occur too infrequently to provide
‘meaningful comparisons. Surrogate measures

can be used as the principal endpoint of a -

trial.

The choice of the endpoint of interest must
be specified during the design phase of the
trial, since it affects the selection of the statis-
tical techniques {or the analysis of the results,
and the sample size required to properly eval-
uate treatments. Below, three types of out-
comes frequently evaluated in cancer clinical
trials are discussed: toxic effects, tumor
response, and quality of life.

Toxic effects

Toxicity is an important measurement in
cancer clinical trials, since most therapeutic
interventions in cancer cause significant mor-
bidity. This is related not only to the nature of
the treatments employed, but also to the fact
that treatment is generally delivered in as
mtensive a manner as possible. Toxicity cri-
teria describe effects in categories or grades,
with grade 0 meaning ‘normal’ or ‘none’ and
grade 4 meaning life-threatening toxicity. The
most commonly used criteria are the
Common Toxicity Criteria developed by the
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US NCI. The original version contained 49
toxicity terms grouped into 18 categories.
Modifications have added new terms, to
categorize new effects of treatment and to
allow for more comprehensive reporting. The
1998 Version 2.0 of the CTC contains
over 200 toxicity terms grouped into 24
categories  (available from  web  site
http://ctep.info.nih.gov/CT C3/default.htm).
Toxicity terms include side-effects of treat-
ment and/or disease (such as nausea, vomit-
ing, edema, or bone pain), or other medical
events (such as bleeding;.infection, or ataxia),
as well as objective findings (such as chem-
istry and hematology results). Most trials
require a baseline assessment to document
symptoms or residual toxic effects from previ-
ous treatment, and then periodic assessments
of toxicity over the course of the therapy. In
general, toxicity is reported in tabular form as
the worst grade for each effect for each
patient. Duration of toxic effects and relation-
ship to study treatment may also be described.
Finally, in randomized trials, comparison of
toxic effects between treatment arms is an
important component of the analysis.

Tumor response

Tumor response refers to the description of
objective change in measured disease during
the course of therapy. Criteria for response
categories became widely used in the 1970s,
and although many variations of the original
WHOQO definitions now exist, most criteria
include four different ‘categories’ that describe
objective response to therapy. Virtually all cri-
teria require a baseline assessment of measur-
able disease, and then the determination of
the sum of the perpendicular products of bidi-
mensional measurements, which is used as a
reference point for comparison to the sums
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generated by repeat measurements over the
course of the study. Using the original WHO
definitions, a complete response {CR) requires
the disappearance of all evidence of disease.
Partial response (PR) is a 50% or more
decrease in the sums of products of bidimen-
sional lesions, or a 50% or greater decrease in
linear measurement of unidimensional lesions
compared with baseline. Progressive disease
(PD) is at least a 25% increase in the size of
one or more lesions or the appearance of new
disease. Stable disease (SD) {or no change) is
a state that does not meet either PR or PD cri-
teria. In addition, CR and PR must be con-
firmed by repeat measurements no less than
four weeks after the first set of measurements
were performed. In trials where objective
response is an endpoint, patients are assigned

a ‘best response’ to therapy on the basis of the -

above definitions. Clearly, to be evaluable for
this endpoint, patients must have documented
measurable disease at baseline and also have
follow-up measurements during the study.
Despite these relatively clear definitions,
there are frequent problems applying them in
practice. For example, the methods for inte-
grating the changes in size in unidimensional
and bidimensional ~ lesions vary among
research groups when determining a. ‘hest’
response. Secondly, there are differences in
how various researchers define the minimum
size of lesions considered measurable, as well
as the maximum number of lesions that
should be recorded when multiple lesions
exist. Some investigators assess response indi-
vidually in each organ, while others consider
the patient as a whole. Some investigators
determine the duration of partial response
from the onset of therapy, others from the
date of 50% measurement change. Finally,
many have altered the PD dehnition to be
based on the sum of product increases rather

than an increase in any one lesion. As a result
of these problems, many variations of the ori-
ginal WHO criteria have evolved, leading to
some confusion in the interpretation of the
results of trials.” In addition, the application
of different response criteria may lead to strik-
ingly different conclusions about the efficacy
of the same regimen.® Until uniform defini-
tions of response are adopted worldwide,
reports of clinical trials including a response
endpoint should describe the criteria used.
What does achieving a partial response
mean? Although an objective measurement of
change in tumor size for a treatment group
may signal that the regimen under study has the
potential to improve outcome, achievement of
partial response by an individual patient does
not necessarily mean that he or she will
experience a survival or quality-of-life benefit.
Comparison of the survival of responders with
that of non-responders is inappropriate, since
responders must live long enough to respond,
and often the very biologic factors that predict
response are also predictive of longer survival.
To attempt to address this issue, Buyse used a
Jandmark method’ of analysis® to show that,
in colorectal cancer trials, response is a potent
prognostic factor for survival in this disease."
It is interesting, however, to speculate that
this may not be due to tumor regression, but
rather that responders are segregated from the
group destined to do poorly — whose ‘best
response’ is progression. In a non-small cell
Jung cancer {NSCLC) randomized trial where
response rates were low but survival improved
over a non-treated control group, those
patients who had partial responses and those
whose disease was stable had identical sur-
vival outcomes.’ These observations imply
that survival may not always be improved by
50% shrinkage of tumor over and above the
effect that disease stabilization may produce.



Unfortunately, the impact of tumor regres-
sion on symptom palliation has not been well
studied. One study found that overall quality-
of-life scores were improved or unchanged in
a group of women who had either a partial
response or stable disease in a trial in metasta-
tic breast cancer, in contrast to those who
progressed.’ Surprisingly, continuous admin-
istration of chemotherapy was found to
improve response rate, survival, and quality of
life compared with intermittent administra-
tion for metastatic breast cancer.”” Others
studying palliative chemotherapy in colorectal
cancer found that improvement in perfor-
mance status or weight was associated with
tumor response, but change in overall quality
of life was not associated with tumor
response.”” More information of this nature
would be useful, since greater or lesser
degrees of tumor shrinkage that were regu-
larly associated with symptom improvement
might make achievement of a specific degree
of measurable tumor regression a surrogate
for palliation.

Quality of life

The quality of life (QoL) of the patient is an
increasingly important endpoint for treatment
comparison in clinical trials.”” The US Food
and Drug Administration (FDA) has stated
that efficacy with respect to overall survival
and/or improvement in Qol. might provide
the basis for drug approval.'® The specific
nature of the Qol endpoint to be used was
not specified, and the statement has led to an
almost automatic inclusion of QoL assess-
ments in registrational trials. Including such
assessments in clinical trials is relevant only if
there is a clear hypothesis to be tested, and a
methodology and analysis plan has been
prospectively defined.'” The objective of QoL
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assessment depends on the disease setting. In
the adjuvant setting, toxic treatments are
given to otherwise symptom-free patients with
curative intent; assessments are to document
the decreased QoL associated with treatment.
For patients with advanced disease, however,
QoL is measured to document the palliative
benefits of therapies given to patients who are
symptomatic. It is particularly important that
QoL endpoints be justified, considering the
extra burden placed on the patients to com-
plete the QoL questionnaires.

QoL instruments have been developed that
assess both global QoL and issues specifically
related to cancer — the disease and its treat-
ment. Some of the most frequently used are
the Furopean Organization for Research and
Treatment of Cancer scale (EORTC
QLQ-C30),'® the Functional Assessment of
Cancer Therapy (FACT),"” the International
Breast Cancer Study Group-Quality of Life
Questionnaire (IBCSG-QL),*® and the Quality
of Life Index (QLI).* These instruments
provide assessments of health status, describ-
ing patients’ health-related QoL with respect
to a variety of domains such as physical, psy-
chological, and social functioning. Alterna-
tively, Qol. can be measured in terms of
patient preference or utility assessments. Utili-
ties are valued on a scale from zero (as bad as
death) to one (perfect health), and reflect
preferences for time spent in a particular
health state. These assessments are useful
for cost-effectiveness analysis and quality-
adjusted survival. The Health Utilities Index
(HUD? and the Q-tility Index” provide both
health status and utility assessments based on
multi-attribute utility theory, which links
utility values to measured health status.

Qol. data can be analyzed using univariate,
multivariate, or longitudinal methods. Uni-
variate analyses are used to compare group
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means based on individual scales. Multivariate
analyses can adjust these mean values for
multiple factors such as treatment, patient
characteristics, and disease status. Longitudi-
nal analyses evaluate change over time based
on assessments taken at multiple time points.
Carefully conceived analysis plans for QoL
data are missing from most protocols. Statisti-
cal issues concerning how to handle drop-
outs and missing Qol. assessments must be
considered.” For example, it is not clear in
Qol-orientated treatment comparisons how to
include patents who do not report QoL
because they have died.

Quality-adjusted survival is an endpoint
that considers both quality and quantity of
life. Generally, this endpoint represents a
patient’s survival time weighted by the utility
values representing the Qol. experienced. One
approach to evaluating quality-adjusted
survival time within clinical trials is the
Quality-adjusted Time Without Symptoms of
disease or Toxicity of treatment method
(Q-TWIST).P* To apply the Q-TWiST
method, clinical health states that can occur
during the course of the patients’ treatment
and follow-up are defined to reflect changes in
clinical status that rhay be associated with
changes in Qol. For example, one clinical
health state may be associated with toxicity
due to treatment (Tox), another associated
with disease progression (Prog), a third asso-
ciated with development of late sequelae such
as cardiac dysfunction (LS), and a fourth rep-
resenting a relatively good state of health
associated with none of the above (TWiST).
The choice of clinical health states should be
specific to the patient population and treat-
ment comparison of interesi, and should be
designed to highlight QolL-oriented tradeoffs
for treatment selection. The second step is to
use a nested sequence of Kaplan-Meier curves

to partition the overall survival time of each
treatment group separately. The areas between
these curves provide estimates of the average
amount of time that patients spend in each of
the defined clinical health states. The third
step is to compare the overall quality-adjusted
survival between the two treatment groups
using a variety of weights for the health states.
Sensitivity analyses based on threshold utility
plots indicate the utility weights for which
one treatment would be preferred to another.
In cancer medicine, (Q-TWiST has been used
to evaluate adjuvant therapies for breast
cancer.*’® interferon treatment for mela-
noma,* chemotherapy and radiation therapy
for rectal cancer,® and chemotherapy for
colon cancer.”

Cost-effectiveness analysis

There is an increasing emphasis on cost
savings and cost containment in providing
medical services and therapies. Consequently,
economic evaluation has been included as
part of many recently activated clinical trials.
Methodological and statistical issues relating
to this initiative were discussed at a recent
symposium.* Economic evaluation refers to a

~comparative analysis of alternative lines of

action, including their effects as well as their
costs. Cost-effectiveness analysis (CEA) has
become the most widely accepted method of
economic evaluation of health care alternat-
ives, according to the recent report by the US
Panel on Cost-Effectiveness in Health and
Medicine.” The CEA designed to evaluate one
approach versus another yields a ratio of
incremental costs divided by incremental
effectiveness (measured in units of quality-
adjusted life years, QALYs). Collecting indi-
vidual patient cost data and measuring QALYs
longitudinally represent challenges for the



conduct of economic evaluations alongside
“clinical trials.

ANALYSIS OF CLINICAL TRIAL RESULTS

The choice of the analysis method for the clin-
ical trial data depends on the endpoint to be
analyzed. The two most common measures of
treatment effect encountered are the propor-
tion of events and the survival distribution.

Proportion of events

The proportion of events is defined as the
ratio between the number of patients in a
group for whom an event has been observed
and the total number of patients in that
group. When computed for the sample of trial
patients, this ratio is an estimate of the true
proportion of events that one would observe if
the treatmeni were to be assigned to the
whole patient population represented by the
sample. As an estimate based on a limited
number of patients, the ratio would vary
around the true population proportion if the
trial were repeated many times.

The analysis of a trial whose endpoint is a
proportion of events usually produces a point
estimate, a confidence interval, and a statistical
test of hypothesis about the population propor-
tion. A point estimate is the observed propor-
tion of successes, computed within each
patient subgroup in the trial (e.g., within each
treatment arm). A confidence interval for the
population proportion of successes is a pair of
values (p,, p,) such that the population pro-
portion can be expected to fall within the
interval with a given level of confidence. The
precise interpretation of a confidence interval
is that il one were to repeat the trial a large

number of times {(on different samples of

patients) and compute a 95% confidence
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interval for the population proportion from
each of the trials, then approximately 95% of
the resulting intervals would actually contain
the true population proportion. Confdence
intervals can be generated that have any level
of confidence between zero and 100%. The
width of the interval will become larger and
larger as the required level of confidence
increases, including the entire range between
0 and 1 in order to achieve a 100% level of
confidence. This is obviously not very infor-
mative. A confidence level of 95% is standard

practice.
Confidence intervals can be constructed
for a proportion, or for the difference between
two proportions in a comparative study.
Charts are available to readily obtain confi-
dence intervals for proportions, and most sta-
tistical software packages will generate them.
A test of hypothesis consists of a statistical
procedure designed to give an answer to ques-
tions of the kind: ‘Can we reject the hypothe-
sis (null hypothesis) that the two proportions
of events p, and p; for treatments A and B
applied to the whole patient population are
identical?” Other questions that may be
answered are of the kind: ‘Can we reject the
hypothesis that the proportion of events in a
specific treatment arm is at least 20%?" The
statistical theory of hypothesis testing in clini-
cal trials involves specifying an alternative
hypothesis and an admissible type I error (or o
level). The type 1 error is the probability of
rejecting the null hypothesis when it was
actually true. A type 1 error of 5% is com-
monly accepted. The definition of the altern-
ative hypothesis involves choosing the
direction of the treatment difference to be
considered ‘extreme’ in the testing procedure.
Suppose that response to treatment is taken as
the ‘event’ of interest, and that p; and pc
are the response rates corresponding to the
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Complete No complete Total number
responses responses of patients
Interferon 9 113 122
No interferon 4 124 128

experimental therapy and the control therapy,
respectively. If the possibility that pg < p, is
not at all clinically interesting, then pg > pe
would be the alternative hypothesis of inter-
est. Such an alternative hypothesis is called
‘one-sided’ to distinguish it from the ‘two-
sided’ alternative hypothesis pg 5 p., which
will reject the null hypothesis whenever the
evidence from the trial is either in the direc-
tion of pg < pe or in the direction py > pe. In
the context of phase I clinical trials, the use
of two-sided alternative hypotheses is highly
recommended, since it is possible that a
promising experimental therapy could actu-
ally prove to be less effective than the stan-
dard therapy.

The practical execution of a test of
hypothesis requires consulting special tables,
or examining the output from a statistical
computer program. The test is said to reject
the null hypothesis at the level of significance
100{1—a) if the value of a quantity computed
from the data (the ‘test statistic’) falls within a
given interval. Such intervals contain all the
values of the test statistic that are considered
to be ‘too extreme’, where being ‘extreme’ is
defined by the specified alternative hypothesis
and the tevel of significance.

An alternative and equivalent way of con-
ducting a test of hypothesis is the compuia-

tion of a p-value. A p-value is the probability
that a value for the test statistic equal to or
more extreme than the one observed can be
obtained if the null hypothesis is assumed to be
true. Rejection of the null hypothesis is then
declared whenever the p-value is smaller than
the pre-assigned value of the type I error «,
usually set at 5%. .

The results from a clinical trial in which
the endpoint is the occurrence of an event can
be described in a 2 X 2 contingency table as
in Table 3.2. This shows the result of an
Eastern Cooperative Oncology group (ECOG)
study in which 9 of 122 patients with
advanced melanoma had a complete response
with dacarbazine plus interferon therapy com-
pared with 4 of 128 patients who received
dacarbazine  without interferon.”*  The
observed complete response rates were 7%
versus 3%, but the p-value calculated using a
two-sided Fisher exact test was 0.16.
Although the observed results suggest that
interferon might be associated with a higher
complete response rate, the observed results
could have happened by chance alone (ie.,
the true response rates were really the same)
16 times out of 100. Thus, the difference is
not statistically significant. If the counts in the
contingency (able are large enough (a rule of
thumb is that they should all be greater than




or equal to 5), then an approximate test can
be conducted by computing the chi-square test
statistic. Again, tables or a computer program
will provide the rejection interval or the p-
value,

Survival data

When the endpoint is a survival time, the
population characteristic of interest is the sur-
vival distribution rather than just the number
-of events. A survival distribution is the proba-
bility distribution of the variable ‘survival
time’, and it quantifies the probability that a
randomly selected patient survives (or, more
generally, ‘does not have an event) until a
given time point. There is one such probabil-
ity for each time point, and one can plot a
survival curve (or probability of surviving)
Versus time.

Just as with the proportion of events, sur-
vival distributions obtained from an indi-
vidual trial can only provide an estimate of the
true population distribution. The estimated
curve (the equivalent of the point estimate)
will also vary around the real population dis-
tribution. Estimation of a population survival
distribution from the clinical trial data is com-
plicated by censored observations, because
only partial information (such as ‘alive up to a
certain time’) is available for some patients’
time (o event. Two methods are most often
employed to estimate the survival distribu-
tion, namely the life-table method and the
Kaplan—~Meier  method.®® The life-table
method is used when a large number of obser-
vations is available, while the Kaplan-Meier
estimator generally is used when there is a
smaller number of observations (as is
commeon in most clinical trials). Both methods
are valid if the chance that an observation is
‘censored’ does not depend on the time at
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which an event (endpoint) might have been
observed. The basic difference between the
two -methods is that the first provides esti-
mates within pre-specified time intervals,

~while the second generates estimates at each

time point where an event occurs. Both
methods are readily available in most statisti-
cal software packages. Confidence intervals
for the survival probability at a given time
point can be computed, as well as confidence
intervals for the difference in survival proba-
bilities. An example of a Kaplan-Meier estim-
ate of a survival function is shown in Figure
3.2. The following are some key features to
look for and related questions to ask when
examining a survival plot:

¢ the units on the vertical axis (Does the
probability of survival shown range from 0
to 1, or is the scale truncated?);

+ the scale of the vertical axis (Are the sur-
vival curves drawn according to a logarith-
mic scale or a linear scale?);

* the units on the horizontal scale (Over
what length of time does the survival curve
extend?);

e the amount of follow-up time available for
the sample used to plot the curves (How
many patients remain at risk to be included
in the analysis at the tails of the curves?).

The plots in Figure 3.2 show a linear vertical
scale ranging from 0 to 100%, a horizontal
scale extending to six years from date of ran-
domization, and a reasonable number of
patients at risk out to five years (the median
follow-up for the trial was five years at the
time of the data analysis cutoff).

Tests of hypothesis can be conducted on
survival distributions. Equality of the survival
distributions corresponding to two treatments
is the hypothesis ordinarily tested in clinical
trials having a survival endpoint. Such a test is
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TAM + early CMF 302 276 243 195 151 100 65
TAM only 306 262 223 177 131 87 52
Figure 3.2

Kaplan-Meier estimates of the two disease-free survival distributions for tamoxifen plus three cycles of CMF (TAM + early
CMF) and for tamoxifen alone {TAM only) from the International Breast Cancer Study Group Trial VII.” The median follow-
up of patients for this analysis is five years. Also shown are the estimated percentages of patients surviving disease-free at
five years from randomization, the 95% confidence intervals (1) for these estimates, the logrank p values for the

freatment comparisan, and the number of patients who remain at risk over time. The hazards ratio estimate, comparing

the risk of an event in the TAM -+ early CMF group with the risk of an event in the TAM only group, is 0.67 (95% (I
0.50-0.91), indicating a 33% reduction in the risk of an event with the combination treatment.

conducted by computing a test statistic called
the logrank statistic. This test is most power-
ful under the assumption that the ratio of the
logarithms of the two true survival distribu-
tions is constant over time — which is not true
if, for instance, the two survival curves cross
or there is a plateau in one or both of the
curves. Cure rate models might be more
appropriate for the latter situation. The math-
ematical expression of the logrank test statis-
tic 1s complicated, but its computation is
easily performed on computer systems.
Multiple regression analysis techniques are
available to account for the effect of prognos-
tic factors in the analysis of hoth proportions

of events (logistic models™) and survival dis-
tributions (proportional hazards models®).
These models are discussed in standard text-
books, and are also readily available in statisti-
cal packages.

DEVELOPMENT AND EVALUATION OF
NEW THERAPEUTIC APPROACHES

Traditionally, clinical trials are divided into
three stages or phases: phases 1, 11 and
HI. Phase 1 and Il are most easily differena-
ated from each other within the context of the
development of a new agent or therapeutic
maneuver, where clear goals are articulated



for each trial phase and decisions about the
continued evaluation of the new agent are made
at the conclusion of phase T and 1l studies.
However, the concepts described here also
apply to the evaluation of ‘old’ drugs in new
combinations, although within this context
trials may combine the goals of phase I and 11
studies within a single protocol. The principles
in the design and analysis of phase TII trials
described below have identical application in
the comparative study of new versus standard
therapy and in the comparative evaluation of
two or more standard therapeutic approaches.

Phase | trials

Goal and primary endpoint of phase |
trials .
Phase I trials are the first clinical studies of a
new agent or new therapeutic approach.
Because of the toxic nature of many cancer
therapies, phase I trials are conducted in
cancer patients who have failed standard
therapy, rather than in mnormal volunteers.
The major goal of these trials is to determine
toxic effects and the recommended doese and
schedule of the agent(s) under swudy for
further evaluation. Secondary goals are the
description of pharmacologic behavior, deter-
mination of target inhibition (if appropriate)
and documentation of antitumor effects (ie.,
response). In the case of cytotoxic agents, an
assumption is made that the higher the dose,
the greater the likelihood of efficacy. Because
most such agents exhibit a dose-toxicity rela-
tionship, toxicity is regarded as a surrogate for
efficacy: the highest safe dose is assumed to be
the one most likely to be efficacious. Thus,
toxicity is the primary endpoint of phase 1
trials of cytotoxic drugs, and is used to make
recommendations regarding the dose of agent
to be used in phase I evaluation. The phase 1
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protocol defines in advance those toxic effects
that, by their severity, limit further dose esca-
lation (dose-limiting toxicity, DLT). In most
studies, grade 4 hematopoietic effects of one
(or several) days duration or grade 3 major
organ toxicity are regarded as dose-limiting,
The maximum tolerated dose (MTD) is defined
as that dose producing a certain frequency of
DLT within the treated patient population.
The recommended phase 1T dose is one dose
level below that producing an unacceptable
frequency of DLT. It is important to note that
there is some semantic confusion with these
terms: in some protocols, the recommended
phase Il dose is referred to as the MTD.

Patient selection

Since phase [ trials evaluate therapies of
unknown efficacy and potentially serious toxi-
city in patients with a life-threatening disease,
there has been much written on the ethical
considerations and patient selection criteria
for these studies ™ In general, only those
patients who have exhausted treatments that
offer an improvement in survival or cure rates
should be enrolled. Furthermore, when the
route of elimination and toxic effects in -
humans are unknown, patients entering phase
I trials should have normal or near-normal
blood results for hepatic, renal, and hemato-
logic parameters. Finally, the consent process
should clearly outline the goals of the trial
and the fact that both benefit and toxicity are
unknown. As dose levels approach the recom-
mended phase II dose (i.e., the dose thought
most likely to be therapeutic), it is common
practice to enroll ‘better-risk’ patients with
prior treatment characteristics more typical of
those who might receive the drug in phase 11
trials. In this way, the recommended dose will
be assessed in a population similar to that in
which it will be applied.
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Phase I trial design

In broad terms, the design of a phase 1 trial
involves treating small cohorts of patients at
ever-increasing doses of the drug(s) until
toxic effects limit further escalation. Doses
generally are not increased within individual
patients, in order to avoid confusion between
acute and cumulative toxic effects, although
some have challenged the need for this
caution.” There are three elements that deter-
mine the duration of the trial and the total
number of patients enrolled:

» the starting dose;

¢ the escalation method employed;

* the number of patients enrolled at each
dose level;

Although the concern ol investigators is to
determine the recommended dose quickly and
precisely, other considerations influence the
design of phase I trials. These include both
the desire to minimize the risk of exposing
patients to unacceptable levels of toxicity and
the desire to treat as few patients as possible at
low dose levels that may be non-therapeutic.
Historically, the concerns for patient safety
have been handled by utilizing a ‘conven-
tional’ phase 1 design. Following completion
of animal toxicology in two species (rodent
and non-rodent, or two rodent species) and,
in the absence of significant species differ-
ences, an accepted sale starting dose of one-
tenth of the mouse equivalent 1Dy, (0.1
MELD;,) dose is calculated. If significant
species differences are seen in toxicology, a
lower starting dose is calculated: usually one-
third of the lowest non-toxic dose in the
mosi-sensitive species. Patients are accrued in
groups of three, escalating the dose in each
new cohort according to a modified Fibonacci
sequence in which ever-higher escalation
steps have ever-decreasing relative dose incre-

ments (e.g., dose increases of 100%, 65%,
50%, 40%, and 30-35% thereafter). The dose
escalation is continued until the MTD is
reached, usually dehined as the dose produc-
ing DLT in 2 out of 3 patients or in 2 or 3 out
of 6 patients. The next-lower dose level is the
recommended phase II dose (RPTD). In prac-
tice, several schedules of administration for a
new agent are takerr into phase I trials. The
final decision regarding schedule selection for
phase 11 trials depends on a variety of factors,
including toxicity patterns of each schedule,
the total dose achievable, convenience, and
preclinical data supporting schedule depen-
dence.

This ‘conventional’ design is safe - seldom
are patients given doses that are too high - but
there are some problems with it, as follows:

L. If many dose levels are required to reach
the MTD, large numbers of patients may
receive non-toxic and thus presumably
non-therapeutic doses. This raises an
ethical concern, since, if any tumor
responses are seen in phase 1 trials, they
almost always occur at or near the MTD. %

2. The efficiency of this design is inconsis-
tent. Although some trials may reach
MTD with only 4 or 5 dose levels, in
others multiple dose levels (10-15) are
required, which may mean that the trial
could last one or two years. With an
increasing number of novel agents avail-

- able, this type of time-line for completion
of the first phase of investigation will
delay the critical evaluation of these com-
pounds in phase I and HI trials.

3. The precision of the MTD estimate 1s
limited because of small patient numbers
at the highest doses. In addition, because
phase 1 trials usually enroll patients with
prior therapy, doses recommended within



this population may be lower than those
easily tolerable within a population of
untreated patients.

These problems have given rise to a
number of different suggestions for altering
the traditional, TFibonacci-based, phase 1
design. These have been reviewed at a large
meeting on cancer drug development.”? They
include increasing the starting dose, enrolling
fewer patients per dose level, especially in
initial dose levels, employing more rapid dose
escalation schemes, and enrolling more patients
at the recommended phase 1I dose level.

Proposals for increasing the starting dose
are based on a retrospective review of phase |
trials, which suggested that, particularly for
those agents in which two species’ toxicology
results were similar, higher starting doses
{e.g. 0.2 MELDy,) would have been safe %
This suggestion has been made in conjunction
with the traditional dose escalation scheme,
but if more aggressive dose escalation is to be
used (see below), the advantage of utilizing
higher starting doses will be limited.

The enrollment of only one patient per
dose level, particularly at the lowest doses of a
phase 1 trial, has become a frequent and
apparently safe approach."* This approach
might be problematic if wide interpatient vari-
ability in toxicity is expected (such as for
antifolates), when factors other than dose can
contribute to the severity of toxicity.

Proposals to enroll one patient per dose
level have often been combined with a pro-
posed revision to the dose escalation scheme.
Novel dose escalation schemes can roughly be
divided into two categories.

The first of these is empirically based on
doubling the dose in successive patient
cohorts until an ‘event’ occurs that switches

the escala Hon 0 a more conservative

Principles of clinical trials 115

Fibonacci approach. The ‘event’ may be the
observation of a toxic effect (accelerated titra-
tion design) or the achievement of a pharma-
cokinetic (PK) endpoint (e.g., 40% of the area
under the curve (AUC) of the predicted MTD
AUC based on animal pharmacologic
studies).***"  Several groups have adopted
these methods with apparent safety and
increased efficiency. A recent publication used
simulation techniques to show that acceler-
ated titration escalation is sale with the
accrual of one patient per dose level, switch-
ing to more conservative escalation once DLT
in one patient or grade 2 toxicity in two
patients had been seen.* Furthermore, it was
concluded that this approach would save both
patients and time in phase 1 studies. Similarly,
pharmacologically guided dose escalation has
been successtully applied to some trials but
not others.* Limitations of this latter method
relate to wide interpatient variability in PK
seen with some compounds, problems with
measuring or detecting blood levels, and the
fact that in humans some compounds have
active metabolites that are not seen in
animals.

The second approach to more efficient
dose escalation has been siatistically based.
Examples include the continual reassessment
method (CRM) and the modified CRM,*!
model-guided determination of the MTDS?
and escalation with overdose control
(EWOC),” among others. These methodolo-
gies estimate MTD at the outset of the trial,
and utilize toxicity data accumulated through-
out the study to refine the hypothetical
dose—toxicity curve and wupdate the MTD
estimate. Dose levels, which are often pre-
assigned in 100% increments or some other
fixed proportion, may be adjusted based on
the adjusted MTD estimates. The goals of
these methodologies are to provide rapid, safe
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escalation to doses close to the MTD and to
give a more precise estimate of the MTD
during and at the end of the trial. Most prac-
tical experience has accumulated with the
modified CRM method, which, in addition to
the dose escalation process described above,
usually involves enrollment of only one
patient per dose level in the early stages of the
trial. Two recent reviews suggest that the
MCRM method is safe, treats more patients at
or near the MTD, and enrolls {ewer patients
overall.*** However, the method does not
always appear to shorten the duration of
phase I trials, probably because of the manda-
tory waiting period between dose levels to
observe for drug-related toxicity.

Despite the plethora of new methods avail-
able for the design of phase I trials, a review
has suggested that these are not commonly
utilized by investigators.”™ This will probably
change in the coming years as interest grows
in expediting the phase [ process. While most
of the evidence suggests that enrollment of
one patient per dose level and novel dose
escalation schemes are safe and more efficient
than the conventional Fibonnaci phase I
design, little is known about how the new
methodologies compare with each other, or
about how well they perform in determining
recommended phase I doses with precision.
This latter assessment can only come from
phase 11 and III studies of the new agent
where the recommended dose is evaluated in
larger patient populations.

Challenges in phase | trials of novel
non-cytotoxic drugs

The discovery of novel agents targeting cell
signaling pathways and the tamor cell
microenvironmeni present challenges to
* phase 1 evaluation.””” These drugs, as well as
certain biologic therapies, may be active at

doses that are non-toxic, thus eliminating the
need to escalate to maximally tolerated doses.
In fact, since some of these agents may be best
administered in a chronic fashion, rather than
in repeated high-dose cycles, it would be
preferable if the doses selected for phase 11
evaluation did not have serious toxic effects.
Thus, although the goal of the phase 1 study,
namely to determine a recommended dose, is
the same for non-cytotoxics, the endpoint
may requiré modification. Direct measure-
ment of target effect would be the ideal end-
point to substitute for toxicity, but there are
practical problems with repeat tumor biopsies
to allow measurement of target inhibition in
the most relevant tissue. Alternatively, surro-
gates for activity, such as measures of modu-
lated immune function for biologic therapies
or blood levels of drug, may be appropriate.
However, there is confusion about which
measures are ‘true’ surrogates for efficacy. In
fact, most trials of these agents continue to
use toxicity as the parameter that limits

‘dosing, while also measuring other parameters

of target effect when possible to assist in final
decisions about schedule and dose.

Phase H trials

Goal and primary endpoint of phase 1
trials

Once the recommended dose and schedule for
a new therapy is available, phase I trials
begin. These are small, uncontrolled studies

- in patients having the same tumor type. The

primary goal of these trials is to screen the new
agent or regimen for efficacy and to estimate the
level of activity. In almost all instances, the
complete + partial Tesponse rate (overall
response rate) is the primary endpoint of such
studies. Objective response is the only ‘vali-
dated’ endpoint for phase 11 trials: that is, it 15



the only measure that has proven itself by
allowing the identification of agents or regi-
mens that are later shown to improve survival.
While not all agents causing responses
increase survival, some do. This endpoint pre-
sents a problem for phase 11 trials in some dis-
eases, such as prostate cancer, where
measurable disease is difficult to document. In
this sitnation, other measures, such as change
in tumor marker levels, are proposed to sub-
stitute for response in phase II trials. These
measures still require validation. Further-
more, novel non-cytotoxic drugs may not be
expected to cause tumor regression, so the use
of objective response for phase II evaluation
of these agents is problematic. More com-
ments on this situation are to be found below.

Results of phase 11 studies of cytotoxic
agents and hormonal therapy are used to
make decisions regarding the future develop-
ment of the agent or regimen. Although issues
of patient selection and study design have
common features for most phase II trials, it is
usetul to differentate those studies that repre-
sent the first screening trial of a new single
agent (phase 1IA) {rom those that are non-
randomized trials of drug combinations
(phase 1IB).

The single-agent phase [IA trial of a new
drug determines if the experimental agent has
a response rate above a targeted value deemed
critical for pursuing the agent further. The
target response rate is often set at 20%, but
this may vary, depending on the tumor type
and the patient population under evaluation.
For example, a response rate as low as 15%
might be of interest in a tumor where most
drugs are inactive, such as melanoma, but a
higher rate of 30% might be a more realistic
target vahie in untreated breast cancer, which
is responsive to numerous cytotoXic agents.
Of major importance in this type of trial is the
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need to minimize the chance that a truly
active agent is erroneously rejected. That is,
the trial design should attempt to limit the
probability of a false-negative result (type Il
error). False-positive conclusions about the
activity of a new drug will be uncovered by its
turther evaluation following the initial phase
11 trial. However, if a false-negative conclusion
leads to the rejection of the new agent, there
may not be another trial conducted to provide
the true information.

Phase 1IB trials are similar in the sense that
they are designed to detexmine the activity of
a combination regimen against a target level
of activity. For example, a new multidrug
regimen in breast cancer might only proceed
into phase IIT trials if in phase II it produces
response rates superior to a prespecified target
value determined on the basis of standard
combinadion therapy results. However, other
factors ~ primarily toxic effects — will be
important to the decision about the regimen’s
future. Thus, in this setting, not only efficacy,
but also toxicity, is estimated, and both para-
meters are important in the decision to pursue
the regimen further.

Patient selection

Since response rates are the primary endpoint
of phase II trials, it is important to recognize
that factors other than the disease and drug
under study will influence response and thus
have an impact on the trial conclusions. For
most malignancies, it is known that factors
such as previous therapy, poor performance
status, and large tumor burden can adversely
affect response rates. Limiting adverse prog-
nostic factors in the phase II population will
stack the odds in favor of the agent showing
activity, if such activity truly exists. An excep-
tion to this can be made in trials where an
analogue or a resistance-modulating agent is
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to be evaluated. In this situation, it may be of
miterest to enroll patients who have failed
standard chemotherapy drug(s) in order to
deterinine if the investigational agent(s) have
activity in the setting of drug resistance. In
addition to the general selection criteria noted
above, other common entry requirements for
phase II wrials include adequate organ func-
tion (reflecting the fact that safe dosing guide-
lines for drug administration with impaired
organ function are not usually available at this
stage) and  bidimensionally measurable
disease. This latter criterion is essential for
assessmeitt of the response endpoint.

Whether to enroll previously untreated
patients with metastatic disease into phase 11
trials depends upon the tumor type under
evaluation and the efficacy of alternative
therapy. For those metastatic or recurrent
tumors in which no therapy has been shown
to improve survival, such as melanoma, renal
cell carcinoma, or malignant glioma, it is
common to write protocols giving the investi-
gational agent as the first-line therapy follow-
ing incurable recurrence. For other diseases,
such as metastatic breast cancer, untreated
extensive small cell lung cancer (SCLC),
NSCLC, and colorectal cancer, some investi-
gators regard first-line investigational treat-
ment as controversial.””® 1t is argued that
treatment with an investigational agent pre-
sents ethical concerns because it may delay
active therapy and thus have an adverse effect
on overall survival. Nevertheless, some groups
have adopted the strategy of testing new drugs
in these settings, usually under conditions of
careful selection of patients and a ‘switch’ to
active therapy in the absence of early
response. A randomized trial of active versus
(inactive} investigational therapy in SCLC
provided some reassurance about the safety of
this approach.”

Phase 1l trial design

As noted earlier, it is important in the design
of phase II studies to limit the risk of false-
negative conclusions and to provide an ade-
quate estimate of activity in posiiive studies.
The other major consideration that affects
sample size and design is the desire to limit
exposure of excessive numbers of patients to
ineffective  treatment.  These competing
requirements — to have enough patients to be
sure the agent is truly inactive before it is
rejected, but not so many that excessive
numbers of patients receive inactive therapy —
have led to phase 1I trial designs using two or
more sequential stages of accrual. Should
insufficient activity be seen after the first
stage, the study will be terminated, only con-
tinuing to the end of the second (or third)
stage il sufficient numbers of responding
patients are noted.

A number of such multistage designs have
been. described.*™* The sample size for a
phase 1I trial depends. on the specification of a
number of parameters that differ according to
the tumor type, the patient population, and
the drug under evaluation. These parameters
include target levels of activity and the two
desired error limits. The « error is a measure
of the probability of accepting an inactive
drug (false-positive result) and the B error a
measure of the probability of rejecting a truly
active drug (false-negative result). The multi-
stage designs reject’ an agent and stop the
trial early if too few responses are seen at the
end of the first stage. The numbers of consec-
utive non-responding patients that must be
enrolled to reject a drug depend on the target
response rate hypothesized to be of interest.
The lower the response rate of interest, the
greater the number of consecutive failures
needed to conclude that the agent does not
meet the hypothetical level of activity. Alter-
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Target minimum Number of patients in first stage if:

response rate (%) B =0.05 p=0.10
5 59 45

10 29 22

15 : 19 15

20 - 14 - 11

25 11 9

30 9 7

35 7 6

40 6 5

45 6 4

50 5 4

natively, to decrease the risk of false-negative
conclusions (i.e., to decrease the type 1l error
or f3), the sample size in the frst stage must
be increased. :

One example of a multistage design, the
Gehan design, focuses primarily on elimina-
tion of drugs having a level of activity less
than a prespecified amount, often 20%, which
in practice translates into accrual of 14
patients and terminating the study if no
responses are seen. This number is based on
the fact that the probability of observing 0/14
responses when the true response rate is 20%
is <0.05 [(1-0.20)" < 0.05]. 1f the agent
passes the first stage, more patients are
entered according to the level of presumed
therapeutic effectiveness and the desired level
of error (8). In the example given of 14
patients in the initial stage, the observation of
1 response will lead to an expansion of 11
additional patients to obtain a power of 90%,
and an expansion of 45 additional patients to
obtain a power of 95%. Table 3.3 shows

examples of sample sizes for the initial cohort
in phase 1I trials using the Gehan design.
Depending on the target response rate of
interest, and the 8 error, different numbers of
patients are required to reject an agent if no
responses are documented.

Both the Fleming®” and the Simon®
designs require that two ‘target’ levels of activ-
ity be hypothesized: a lower response rate (p,)
below which there would be no interest in
pursuing the agent further, and a higher
response rate {p,) representing a level of activ-
ity of definite interest. In the Fleming design,
the trial is terminated at the end of the first
stage il extreme results are observed in either
direction. That is, if the evidence supports
either the hypothesis that the agent’s activity
is less than p, or that the regimen has definite
activity above p,, then the study is closed. It
will only continue to the second stage if
neither of these conditions is met. At the end
of the second stage, recommendations to
accept or reject the drug for further investiga-
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Po P o B

Number of patients

End of study

First stage

(%) (%)

Ist stage + 2nd stage = Total

Reject Accept Reject Accept

= resp =resp =resp =resp

5 20 010 008 15 20
5 25 009 009 15 10
10 25 011 010 20 20

35 0 3 3 4
25 1 3 2 3
40 1 5 6 7

tion are again made based on the final
observed number of responses. Table 3.4 illus-
trates the Fleming design using as hypotheses
a p; of 20% or 25% and a p, of 5% or 10% in
various combinations.

A problem with the Fleming design is that,
when the criteria for high activity are met, the
trial is intended to stop early, since the answer
to the question regarding level of efhcacy has
been addressed. In fact, in this circumstance,
- there are compelling reasons to continue
accrual to allow enrollment of more patients.
This not only broadens experience with the
agent, but also provides better estimates of
activity and narrower confidence intervals
around the final observed response rate. Inn an
attempt to address this, Simon® has published
a method he terms ‘optimal two-stage early
rejection design’. This is similar to the
Fleming design, but does not allow early ter-
mination when activity is seen. Instead,
accrual continues to the second stage, where a
final decision about interest in the agent is
determined based on the number of responses
seen in the hnal sample.

Other phase 11 design options deserve
comment. The first of these is the concept of

‘randomized phase 11 trials’.** Usually the term
‘randomized’ is used in the context of large-
sample-size, phase 11 trials  adequately
powered to make comparisons between treat-
ment arms (see the section below on phase 111
trials). However, in the phase I setting, there
are some circumstances where it may be
advantageous to randomize patients. The hrst
instance is when two or more investigational
regimens are available for study. Randomizing
between regimens is a convenient way to
accrue similar patient populations to simulia-

neous trials. In this case, no comparative

intent is implied; rather, the technique of ran-
domization provides an efficient means of
conducting parallel studies, each with their
own stopping points, etc. The second type of
randomized phase 11 trial has been dubbed a
‘pick the winner’ design. Patients are random-
ized to two or more potentially active regi-
mens, and the design is focussed on selecting
the one most likely to be superior by a pre-
specified amount. Scenarios where this may
be logical are when two doses or schedules of
the same drug are pitted against each other to
derive data allowing the selection of the
‘winning' regimen to go into further study



against standard therapy. In this case, the trial
is not adequately powered to convincingly
determine the superior regimen; rather, the
statistical calculation allows for reasonable
certainty that if one of the regimens is truly
more active by a prespecified degree (e.g., a
15% higher response rate), the probability will
be high that the treatment with the greater
true response rate will be declared the winner
and selected for further study. This strategic
approach has been used in randomized trials
comparing various methods of administration
of the cytotoxic agent topotecan.®>

Another statistical approach of interest is
one that may be utilized in phase IIB trials of
combination-therapy regimens. In these trials,
both efficacy and toxicity play roles in the
decision to proceed further. In an effort to
integrate these two endpoints in decision
making, Thall has proposed a design whereby
both adverse and efficacy outcomes are moni-
tored on an ongoing basis.*” For this design, a
prespecified degree of toxicity is: given, above
which the trial would be discontinued. In
addition, minimum efficacy requirements are
outlined. In both cases, the levels for accep-
tance of the regimen are based on the efficacy
and toxicity results of standard therapy. The
trial may be designed, for example, to accept
the experimental regimen if it produces 10%
‘high response rates with no more than a 5%
increase in serious toxic complications.

Other initiatives in phase II design include
the examination of another endpoint besides
response in a multivariate approach. Zee and
colleagues have examined the utility of con-
sidering both response and early progression
in decisions about early study termination.®%
This approach presumes that an agent with
excessive rates of early progression will not
have a great deal to contribute, even if it pro-
duces occasional responses. Both the number
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of early progressors and responders are evalu-
ated at.the early stopping point. The decision
to continue to the second stage depends on
observing both an adequate humber of
responses and fewer than a prespecified
number of early progressions.

interpretation of results of phase If
trials ,

At the conclusion of a ‘positive’ phase 1T trial,
the overall response rate should be reported
along with the appropriate 95% confidence
intervals. The denominator should include, as a
minimum, all eligible patients who have had
follow-up tumor measurements (i.e., evaluable
patients). Some investigators report response
rates as a proportion of all eligible patients
regardless of their evaluability. These and other
modifications to the types of patients included
in the denominator can have a profound effect
on the estimates of activity. Furthermore,
phase 1T reports should include details about
the population studied, especially with respect
to those characteristics known to affect
response. Finally, as some have shown, third-
party review of films to verify responses will
decrease response rates substantially.” Each of
these elements will have an impact on the final
response rate and thus the enthusiasm with
which results are greeted. These factors, plus
the varying criteria for response in use, also
explain why widely differing results may be
seen when the same agent is studied in appar-
ently the same clinical setting.”

Challenges in phase Il trials of novel
non-cytotoxics

The discovery of novel molecular targets
affecting cell signaling pathways and the
tumor cell microenvironment present chal-
lenges to the standard phase 1T approach.
Since in animal models many of these agents
show tamor growth inhibition, but not tumor
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regression, it can be argued that tumor
response is not to be expected in clinical
studies. These agents will need to prove their
worth by prolonging survival, but, short of
large randomized trials, are there other end-
points besides response that may screen these
drugs for promising evidence of efficacy in
small patient samples? A variety of alternative
endpoints have been considered for this situ-
ation, including change in rate of rise of

tumor marker levels, positron emission
tomography, measurements of target inhibi-
tion, and clinical progression rates 7™

However, all of these alternative endpoints for
phase 11 trials remain highly experimental:
none have proven themselves by successfully
selecting new drugs that have subsequently
been shown to improve survival. Since many
of these are currently being studied, we may
soon have some evidence to indicate which
might be valid for use in the screening of such
compounds in phase II. Some investigators
have chosen to aveid the problem of identify-
ing the activity of non-cytotoxics in phase 11
by moving them directly from phase I to
phase 11 trials. This approach is risky, but it
may be justified if the preclinical data are
compelling, if the results of the phase I
studies will not change the plan to go on to
phase 11, and if interim analyses with early
stopping points are designed into the phase 111
study.

Phase HI trials

Goal and endpoint of phase I trials

Phase I clinical trials are conducted with the
specific purpose of comparing one or more
experimental therapies with the best standard
therapy or competitive therapies. It should be
noted that the best standard therapy may not
exist, so that a placebo treatment may be the

comparator. Endpoints for a phase I trial
are selected to reflect comparative efficacy
among treatments, and include time-to-event
information, tumor response, toxicity, quality
of life, or other measures of treatment effec-
tiveness.

Patient selection

Since phase I trials are often the basis for
widespread use of a new treatment approach,
it is important to select a population of
patients that is representative of the patients
for whom the treatment will be used in prac-
tice. The patient risk profile should be such
that the benefits are likely to outweigh the
risks for study participants. Enrollment of
patients with exceptionally good prognosis
may dilute the ability of the trial to detect
treatment differences, since the event rate will
be lower than anticipated. Patients who might
be at increased risk of suffering toxic effects of
treatment (e.g., those with compromised
hematologic, liver, renal, or cardiac function)
should not be eligible for the trial. The eligi-
bility and ineligibility criteria should be
clearly described, so that the population to
which the observed results might apply is well
understood.

Generally speaking, a broad-based recruit-
ment into phase I trials is preferred to a
narrow set of eligibility criteria. This enables
results to be extrapolated to a larger popu-
lation, and provides the opportunity to study
treatment effects across a variety of subpopu-
lations. Recently, there has also been an
emphasis on recruiting special populations —
minority race and female sex — to clinical
trials, so that treatment effects can also be
evaluated within these groups.

Studies for pediatric malignancies
Conduct of clinical wials for the pediatric
cancer patient population face special prob-
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lems. Most pediatric malignancies are quite
rare, making it difficult to recruit a sufficient
number of patients to answer specific ques-
tions with much precision. Fortunately, clini-
cal trial participation has become part of
standard practice for pediatric oncologists, so
that virtually every patient is offered a trial.
The stakes are quite high for pediatric malig-
nancies, where the opportunity for cure can
provide many vyears and even decades of
extended survival. These potential gains,
however, must be balanced against the often-
seen late sequelae associated with the disease
and its treatment. Improved outcome and
optimization of the therapeutic index for chil-
dren with cancer during the past decades are
the fruits borne by active evaluations of treat-
ments within the context of controlled clinical
trials.

Randomization, stratification,
minimization, and binding

One of the main objectives of a phase 111 trial
design is to eliminate systemati¢ biases that
could influence the comparison of the treat-
ments. Bias can arise in many different ways,
ranging from the selection process of the
patients to be assigned to the different treat-
ments, to the lack of proper follow-up, to the
imbalance of the distribution of prognostic
factors among the arms. One way to reduce
bias is to make sure that a proper randomiza-
tion procedure is used to generate comparable
patient groups.” Randomization consists of
the use of a chance mechanism to assign
patients to the treatments, and it assures that
each patient in a study has the same
opportunity of being assigned to the therapies
in the trial. It makes the treatment groups
alike on the average’ with respect to all
factors (known or unknown) that may alfect
the endpoints of the trial. Neither the doctor
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nor the patient should know in advance
which of the treatments will be assigned.
Thus, randomization eliminates the possibility
that the preferences of patients or clinicians
will influence the constitution of the treat-
ment groups. Simple randomization by chance
can result in an unbalanced number of treat-
ments being assigned. Random permuted block
randomization assigns patients to treatments
within blocks so that, after a specific number
of assignments have been made {e.g., after
every fourth or eighth treatment assignment),
the number of patients dssigned to each treat-
ment is the same. Unbalanced randomization
schemes can also be used in which the alloca-
tion of patients to treatments is unequal (e.g.,
two to one treatment assignment). A balanced
assignment of patients to treatments is the
most statistically efficient use of a fixed
number of randomized patients. However,
there might be practical issues or other advan-
tages for using an unequal randomization —
such as making a trial more acceptable by
having a twofold chance of getting the experi-
mental arm.

A strategy often used to further reduce
potential bias is a stratified randomization
plan. Patient subgroups (called strata) are
defined with respect to a set of prognostic
factors that may influence the outcome, and
randomization is carried out separately within
each stratum to guarantee balance among
treatment groups. This feature is likely to be
very helpful, especially in small trials or in the
early stages of larger trials. A random per-
muted block design within strata can also
assure prognostic factor balance across treat-
ments within strata. It is important, however,
to avoid including too many strata in the
design, since this will reduce the trials
efficiency. More recently, a process known
as minimization has been used to balance
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treatment groups with respect to prognostic
factors.” To use minimization, the prognostic
factors of the patients in each treatment group
are accounted for during the accrual period of
. the study. As each new patient is identified for
enrollment, the sum of prognostic factors cor-
responding to those of the new patient is cal-
culated for each treatment group. The patient
is assigned to the treatment that would mini-
mize the difference between prognostic factors
in each treatment. If either treatment assign-
ment would produce the same imbalance,
then randomization is used to break the tie.
An additional safeguard against bias is the
design of a blinded trial, ie., one in which
patients are not aware of the treatment to which
they have been assigned. Such trials (when fea-
sible) are termed single-blinded. A double-blinded
trial is one in which neither the patient nor the
physician know the (reatment assignment.
Blinded trials require that the physical aspect of
the treatments be the same, and this is not

always possible. Also, toxic effects clearly asso- -

ciated with one or more of the treatments may
make blinding impossible. Blinding, however, is
particularly valuable in trials for which the end-
point is subjective, such_as pain relief. Blinding
is also useful to improve compliance with treat-
ment administration and to enhance the
chances that the frequency and intensity of
follow-up examinations are the same for both
treatment groups. In addition, accurate assess-
ment of the true extent of additional toxicity
associated with trearment can only be assessed
if the trial is blinded. Placebo-controlled trials
use an inert substance in place of the active
treatment in order to blind the study.

2 X 2 factorial, crossover, and
equivalence studies

Several specialized types of designs are avail-
able to improve the efficiency of phase Il

clinical trials. Two-by-two (2 X 2) factorial
designs™™ wuse all randomized patients to
investigate two  treatment interventions
simultaneously within the same trial. For
example, to evaluate the effects of treatments
A and B, patients would be randomized to
receive treatment A, treatment B, both, or
neither. The effects of treatment A would be
estimated by comparing the patients who
received treatment A with those who did not
receive treatment A, stratifying the analysis
according to whether or not treatment B was
also received. 2 X 2 factorial designs are most
appropriate when there is no pre-existing
knowledge suggesting a strong interaction
between the effects of the two test treatments.
An example of a 2 X 2 design is the Inter-
national Breast Cancer Study Group Trial VI
for postmenopausal, node-positive breast
cancer patients.” In addition to adjuvant
tamoxifen given to all women for five years,
patients were randomized to receive three
early cycles of CMF, three delayed single
cycles of CMF, both early and delayed CMF,
or no chemotherapy. The magnitude of the
effect of early CMF and that of delayed CMF
were each estimated using all of the patients
enrolled.’”” In addition, the 2 X 2 factorial
design allowed an investigation of the inter-
action of treaunent effects. Neither of these
advantages are present for a three-arm study
designed to compare earty CMF and delayed
CMF separately against a tamoxifen-alone
control group. 2 X 2 factorial designs are
underutilized in phase 1 cancer clinical
trials.

In crossover designs,™ each patient receives
each study treatment sequentially during dil-
ferent time periods. Patients are randomized
to receive either rearment A during the first
period followed by treatment B during the
second period, or the reverse order of treat-




ment administration. The comparison of treat-
ment effects is conducted within each patient,
and the results are accumulated across all
patients. This type of design is useful if a dis-
tinct endpoint can be measured within each
time period to reflect the treatment effect
obtained in that period. Crossover designs are
very efficient because each patient provides
his or her own control and the interpatient
variability of the response is reduced. The
presence of a period effect (difference in treat-
ment response associated with the period of
evaluation) or a period—treatment interaction
{different treatment response associated with
the period during which each treatment is
received) will reduce the efficacy of the design
and complicate the interpretation of the analy-
sis. The pharmaceutical industry has favored
these designs based on their efficiency, while
the FDA has discouraged them because of the
potential for confounding. The designs dis-
cussed above should not be confused with
studies that allow patients who experience
progressive disease while receiving one treat-

ment to receive the alternative therapy at the .

time of progression. These studies might be
more acceptable to doctors and patients,
because patients who fail their first treatment
have an opportunity to receive the second, but
the crossover portion of the protocol is not
intended to provide a direct comparison of
treatments.

Another frequently used design is the
equivalence trial.™ In contrast to the usual
superiority trial design, which seeks to provide
evidence against the null hypothesis (to
demonstrate superiority of one treatment over

another), the equivalence trial seeks to ‘prove’

the null hypothesis by collecting evidence
against the possibility that the test treatiment
1s really worse than the standard. Because a
clinical trial can never fully guarantee that the
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two treatments are exactly equal, these trials
have recently been called ‘non-inferiority’
trials, because the goal is to demonstrate that -
the new (reatment is not inferior to the old.
These designs are useful il the new treatment
is less toxic, less costly, and more convenient
than the old, and would be recommended on
these grounds as long as it were shown to be
equally effective. The sample sizes for equiva-
lence trials are ordinarily larger than for supe-
riority trials, because the magnitude of
treatment inferiority that would be tolerable is
usually very small. In addition, the stated infe-
riority threshold built into the study design
influences the actual test of hypothesis for
treatment differences; if someone disagrees
with the choice of this quantity, the results of
the study can change. Thus, equivalence trial
deigns should be used sparingly, and only
when the therapeutic question cannot be
addressed by a superiority design.

Sample size determination for phase I
trials

All quantities evaluated on the patients consti-
tute estimates of the corresponding character-
istics of the patient population, and as such
they are subject to variability. Patients
enrolled in a trial are only a (usually very
small) portion of the potential population of
patients that one has in mind when designing
the study. If the same trial were to be con-
ducted twice (on two different samples of
patients), the numerical values of any measure
aimed at quantifying treatment effect (such as
the proportion of patients still alive after five
years, or any other endpoint} computed in the
two trials will in general not be exactly identi-
cal. The precision of an estimate defines how
close it is likely to be to the true (unknown)
population value. The precision of the estim-
ate depends on the sample size of the trial.
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The sample size determination depends on
many features: the endpoint of interest, the
goal of the data analysis, assumptions about
“the true variability of observations, specifica-
tion of the magnitude of treatment differences
of interest, and the size of acceptable statisti-
cal errors (type 1 and type 1I). For a time-to-
event endpoint, the sample size is based on
the number of events observed at the time of
analysis; additional assumptions about the
event rate, the accrual period, and the sub-
sequent follow-up interval are thus required
to determine the number of patients to enroll.
Occasionally, sample sizes are based on the
number of patients needed to obtain a 95%
confidence interval for the difference between
ftwo treatments that is no wider than a speci-
fied amount. Most often, the sample size is
determined such that the final test of hypothe-
sis will have a prespecified power (1 — ). The
power of a test is the probability that the test
will reject the null hypothesis if the true treat-
ment effect difference is bigger than a pre-
specified clinically worthwhile amount (e,
when a specific alternative hypothesis is true). A
power of 80% or better is commonly used.
Specifying the alternative hypothesis for the
analysis of proportions involves guessing
(usually on the basis of previous knowledge)
the event rate for the traditional treatment,
and specitying the smallest clinically relevant
difference in event rate between such therapy
and the new treatment under investigation.
Together with the selected type I error of the
test (traditionally 5%), these quantities deter-
mine the minimum of patients that must be
recruited in each arm. Table 3.5 shows the
required sample sizes per treatment group for
a variety of situations.®

For survival analyses, the determination of
the sample size is computed in a similar way.
A survival distribution can be summarized by

its median survival time, which is the time
point at which 50% of the patients are still
alive. Alternatively, the probability of survival
at a given time point (e.g., at five years) can
be used. A guess (again based on previous
knowledge) must be specified for the median
survival corresponding to the traditional
therapy, as well as the smallest clinically rele-
vant difference in median survival between
the two treatments. The desired power of the
test and its type I error must also be provided.
Based on these quantities, the required
number of patients who have an event of
interest can be determined. A sufficient
number of patients must be enrolled and fol-
lowed for a long enough period of time to
enable the required number of events to be
observed. Studies in populations of patients at

low risk of an event, therelore, require enroll-

ment of many more patients than studies in
high-risk populations. The anticipated event
rate, the accrual rate, the accrual period, and
the follow-up period are specified to deter-
mine the total number of patients required.
Tables such as that shown in Table 3.6 are
then available to determine the required

sample size ¥

interim analysis, stopping boundaries,
and data safety monitoring boards

One of the recent advances in the statistical
design of randomized clinical trials has been
the development of procedures that facilitate
interim analysis of study data without increas-
ing the risk of obtaining a false-positive result
based on multiple looks at the data. Flexible
group sequential methods are now available to
allow early stopping of trials if interim results
indicate etther a striking advantage for one
treatment over the other or no diflerence at
all. % Spftware is also available to design

sequential stopping boundaries™ A key
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Magnitude of clinically

important differences

between proportions Sensitivity or power

¥y (%) r, (%) 0.5 0.7 0.8 : 0.9
10 Vs 15 375 - 579 725 957
10 \E 20 117 176 219 286
10 \E - 30 40 58 7F 92
10 \E 40 22 31 38 48
40 \& 45 791 1245 1573 2093
40 Vs 50 210 324 407 538
40 vs 60 58 86 107 139
40 VS 70 27 40 48 62
“ For more exten_sive tables, see 1’ef§31'e’nce 80 (Table A 3).

Years Years of additional follow-up

of accrual 1 5 3

1 150 117 - 104
2 132 110 103
3 122 107 102
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feature of all such designs is that the
characteristics of the design must be estab-
lished prior to initiation of the trial and any
data analysis. If boundaries are altered to fit
_the observed data, the protection against an
inflated false-positive error rate is violated.
Many phase T clinical trials are currently
conducted under the gnidance of a Data Safety
Monitoring Board. Principles defining the
composition, independence, and responsibil-
ities of this board have recently been
described by the US NCL¥ Essentiaily,
interim results and safety monitoring data are
periodically presented to the board (consist-

ing of independent scientists and patient rep-

resentatives), and the board advises the study
investigators, concerning the continued viabil-
ity and ethical conduct of the trial. In this
way, investigators who are participating in the
trial are not exposed to interim study results
that might bias their participation. The com-
mittee is charged with protecting the interests
of patients in the study (both current and
future) and assuring that the study continues
to meet the highest ethical standards for clini-
cal trial conduct.

Challenges for the future

Increasing the number of cancer patients who
enroll in phase I randomized clinical trials is
an important challenge for the future. Moder-
ate improvements in outcome for common
diseases can have a substantial impact in
terms of nwmber of lives saved. Individual
trials often do not enroll enough patients to
provide reliable evidence to detect such mod-
erate but important advances. The links
between clinical trials research and bench sci-
ences should continue to be strengthened.
Randomized clinical trials must be conducted
with prospective creation of a pathology tissue
bank to be used to evaluate current and future

markers that might predict response to treat-
ment. Not only is it important to determine
whether or not a treatment is effective, it is
also important to determine those patients for
whom the magnitude of the effect might be
largest. Biological correlates of treatment
effectiveness are likely to be extremely -
important for tailoring treatments for specific
patient populations in the future.

Phase IV trials

The term ‘phase 1V clinical trial’ usually refers
to a clinical trial designed to monitor a new
drug alter it has been approved to be mar-
keted. The goals of the monitoring usually
relate to adverse effects as well as additional
large-scale, long-term studies of morbidity
and mortality. Another goal of these trials is
the identification of subsets of patients for
whom the drug performs particularly well.
This can be very important for marketing pur-
poses, as well as for further developments of
the drug.

INTERPRETING THE RESULTS OF
TRIALS '

Guidelines for reporting clinical trials are
designed to assure the reader as to the guality
of the study and to improve the accurate
interpretation of the results.®® Recently, a con-
sensus has been published on the consolida-
tion for standards for reporting trials
(CONSORT statement).®® The guidelines pre-
sented in the consensus statement are used by
many medical journals as the standard for
reporting clinical trial results.

intention-to-treat analysis

Randomization in phase 111 trials is intended
to reduce systematic bias that could confound




treatment comparisons. Excluding patients
from data analysis can, however, defeat the
purpose of randomization and introduce bias.
For example, in a trial comparing chemother-
apy versus no chemotherapy, excluding
patients who do not complete chemotherapy
could leave only the ‘healthiest’ patients in the
chemotherapy group, while all patients would
be included in the no-chemotherapy group.
Even if the wrial were randomized, it is clear
that the patients who remain after the exclu-
sion are not comparable “between the two
groups. The intention-to-treat principle calls
for including all patients in the primary data
analysis according to their randomized treat-
ment. The intention to use chemotherapy is
compared against the intention not to use
chemotherapy. Introducing systematic bias by
patient exclusion is avoided. Although the
treatment effect estimated from the trial could
be dilated by including
patients, the potential for bias is a greater
concern. Intention-to-treat analysis has, there-
fore, become standard for the primary evalu-
ation in comparative clinical trials.

Interpreting the p-value and role of
confidence intervals

The interpretation of p-values is often a
source of confusion. The p-value resulting
from a statistical test of hypothesis is not the
probability that the two treatinents are equiva-
lent (or different), but rather a measure of the
extent of the evidence against the null
hypothesis. The distinction between statistical
and clinical significance should also be clear:
p-values have nothing to do with the quantifi-
cation of treatment effect, which is measured
by the dilference in response rates, or in
median survival between the treatment arms.
To illustrate this point, consider two clinical

non-compliant
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trials, each designed to compare the effect of
two treatments, and suppose that the results
of the two trials can be summarized as
follows:

Observed Observed
response response
rate for rate for p-value
arm A arm B
Trial 1 20% 30% 03
Trial 2 20% 30% 0.03

The conclusion that the two treatments
compared in the first trial do not differ in
effect, while the two treatments compared in
the second trial do differ, is wrong. In fact,

the large p-value in the first wial is due to

the fact that the trial was not powerful
enough to detect the difference in response
rate, i.e., its sample size was probably too
small. The point estimates and 95% confi-
dence intervals for the difference in response
rates provide a more informative summary
of the estimated magnitude of the treatment
effect difference. These estimates for arm B
versus arm A are+10% (—10% to +30%) for
trial 1 and +10% {(+3% to +17%) for trial
2. In both studies, the observed response for
treatment B is 10% higher than for treatment
A, but the 95% confidence interval for the
difference includes 0% in trial 1 (hence, the
p-value is greater than 0.05) but does not
include 0% in trial 2 (hence, the p-value is
less than 0.05). The confidence interval pro-
vides a range of plausible values for the dit-
ference in response rate based on the
observed data.

In phase Il cancer clinical trials, the
treatment effects realistically sought after can
be quite small. However, even moderate
benefits can be of real clinical importance
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because of the large number of patients that
a change in therapy might potentially affect.
The deteciion of a small clinically relevant
difference in response can require quite large
sample sizes.

Subgroup analysis

The limitation of subgroup analyses is one of
the more troublesome aspects of clinical trial
analysis and interpretation. Evaluating treat-
ment effects separately for multiple patient
subgroups provides the opportunity to obtain
more positive findings than could be antici-
pated by chance alone. Furthermore, if the
overall result is statistically significant, there
is a high probability that randomly selected
subgroups of patients will produce strikingly
different outcomes just by chance alone. For
example, if the overall observed size of the
treatment effect is two standard deviations,
there is a one in three chance that one ran-
domly selected subset of half of the patients
will produce an observed effect of three stan-
dard deviations (highly statistically signific-
ant) while the other half will produce an
observed effect of only one standard deviation
(not at all statistically significant).”® There-
fore, when such effects are found in the data,
we might report the findings, but not believe
them.

The results from subgroup
however, more closely meet the clinical objec-
five to tailor treatment for individual patients.
Unfortunately, the problems cited above are
likely to make the overall results of the trial
more representative of the true treatment effects
within subgroups than the results of the sub-
group analyses themselves. Thus, the results
from the overall study should remain the major
component of the report on a (reatment
advance. Subgroup analyses can be used to gen-

analyses,

erate hypotheses that require confirmation in
future studies. Subgroup analyses can be con-
sidered with less concemn if there is a prospec-
tively defined hypothesis of a differential
treatment effect to be tested, as evidenced by a
prospective stratification of the randomization.

Meta-analysis

Meta-analysis refers to the process of perform-
ing an analysis of the combined results of
several separate studies.” The main purpose
of meta-analysis is to increase the statistical
power to detect treatment effects. Unfortu-
nately, the magnitude of treatment effects
obtained from currently available cancer ther-

apies (especially in terms of improving overall

survival) is relatively small. Therefore, only
large trials have a good chance of achieving
statistical significance. For example, over
3000 patients followed for an average of five
years are required in order to have an 80%
power of achieving statistical significance if
the true effect of treatment is to increase five-
year overall survival from 50% to 55%. The
lack of statistical significance in several under-
sized studies creates the impression that the
treatment is ineffective. Controversy arises if
one or two trials achieve statistical signific-
ance despite the apparent overwhelming evid-
ence from other trials to the contrary. A
meta-analysis is conducted to distinguish
modest but real treatment effects from the
play of chance. '

A meta-analysis proceeds in four steps.
First, the research question is defined. For
example, what is the evidence that adjuvant
tamoxifen improves survival for patients with
operable breast cancer? Second, a literature
review and contact with investigators in the
field are carried out to identify all of the studies
available to answer the question. Because there



is a higher likelihood for positive studies to be
published, relying only on published reports
will tend to introduce a positive publication
bias into the meta-analysis.”” Third, the spe-
cific studies to be combine are selected and
the data obtained. Such data might be derived
as summary measures from published reports
or from investigators in the form of individual
patient data (IPD). The IPD approach is pre-
ferred, because unpublished studies can be
included, some data quality control checks
can be performed, and greater tlexibility in
the analysis can be achieved. Fourth, the sta-
tistical analysis to combine the separate
studies is carried out, and the results are inter-
preted.

While increasing the statistical power by
combining results from several studies, it is
critically important to reduce the chances that
systematic bias may be introduced in the
results. The term ‘overview’ has been suggested

to describe a specific type of meta-analysis con-

ducted using strict guidelines to reduce: such
systematic bias. Overviews are based exclu-
sively on properly randomized clinical trials.
All available randomized trials (both published
and unpublished) that investigate the therapeu-
tic question of interest should be included. All
patients should be evaluated according to their
randomized treatment assignment (intention-
to-treat analysis). Estimates of treatment effects
based on comparing like patients within each
individual study are first obtained, and then
statistical methods are used to combine these
separate treatment effect estimates into an
overview result.

Groups ‘of investigators have collaborated
to perform meta-analyses on a wide variety of
therapeutic "issues in oncology. The Early
Breast Cancer Trialists’ Collaborative Group

(EBCTCG) coordinated by the ‘Oxford Uni-.

versity Clinical Trials Service Unit has con-
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ducted a series of ambitious and instructive
overview meta-analyses evaluating chemo-
therapy, tamoxifen, ovarian ablation, and
radiation therapy for breast cancer. ™ QOne of
the primary questions was whether adjuvant
therapy with tamoxifen improved survival
(reduced the risk of death) for patients with
operable breast cancer.

Despite the substantial increase in statisti-
cal power, meta-analysis cannot answer all
questions concerning the worth of a given
treatment. In particular, the overall estimates
of the magnitude of tréatment effect obtained
from the entire cohort of patients may be mis-
leading. The magnitudes of the treatment
effects estimated in the overview are based on
an ‘arithmetic construction’ that ignores quan-
titative interactions between the effect of the
test treatment (e.g., tamoxilen) and the
patient characteristics or concomitant treat-
ments  (e.g., estrogen  recepior  status  or
chemotherapy).” In addition, indirect com-
parisons of treatment effects across different
subgroups or across different overviews reflect
the nature of the trials that were conducted.
For example, an indirect comparison of the
effect of tamoxifen in trials that used five
years of treatment versus trials that used one
year of treatment is not as valid as a direct
randomizéd comparison of five versus one
year.

Meta-analysis of cancer clinical trials is a
very powerful procedure that stimulates inter-
national collaboration, helps to resolve con-
troversies  that arise from apparently
contradictory results of undersized trials, and
focusses attention on major questions that
remain  unanswered. Nevertheless, well-
conducted, large-scale randomized clinical
trials continue to be the basis for evaluating
the worth of new therapies and regimens for
cancer pattents.
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Can clinical trials be the treatment of
choice for patients with cancer?

One principle of clinical trials of cancer thera-
pies is that the studies are only as good as the
"data that go into them. A feature that has sub-

stantially slowed progress in improving the

use of current therapies and developing new
treatment approaches has been the disappoint-
ingly low percentage of patients who particip-
ate’ in randomized clinical trials. Several
studies have been conducted to explore
reasons for this low participation.”™” Because
there are very few cancers for which an ade-
quate cure rate can be achieved with current
modalities, future advances are still required.
Efforts must be made to make participation in
clinical trials more widely acceptable. Patient
advocacy groups are recognizing the important
role played by a vibrant cancer clinical
research effort. More progress can be made
only if clinical trials become the treatment of

choice for many more patients with cancer.’®
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