
7 Clinical Trials – General Issues

Summary

This chapter gives an overview of the broad types of clinical trials, ranging from designs
appropriate to the first use of a new drug or procedure in humans to public health
intervention trials. The chapter focuses on those issues common to all trials, such as
subject or patient eligibility, informed consent, the therapeutic options, equipoise and
uncertainty, and other practicalities. We also draw attention to the desirability of
formally registering each trial before it commences and ensuring that all subjects
entering these trials are also registered. The roles of the committees responsible for
ethical approval of the trial and their data and safety monitoring are discussed.

7.1 INTRODUCTION

Technical (statistical) aspects of experimental design can be used in a whole variety of
settings; nevertheless there are specific problems associated with implementing these
designs in practice in the field of clinical trials. These problems mainly arise because the
‘experimental’ units are human and, in many instances, patients suffering some kind of
disease. A critical feature here is that subject (patient) consent to participate in studies
must be obtained following a due process that is often determined by national laws, and
the trial must have ethical approval. This ‘consent’ process may inhibit the type of trial
that one may wish to conduct. The problems may occur at three levels: the Ethics
Committee may refuse permission for the trial, the clinicians may not agree to refer
patients to the trial and the patients themselves may refuse to enter.

Designing any clinical trial, of whatever size, is a major undertaking and we should
warn that it is necessary to bring together a skilled statistical and multidisciplinary team
to ensure that an optimal design is chosen. In some cases, the ‘best’ experimental design
may not be a practical option for the investigation and so a balance has to be struck
between what is statistically optimal and what is practicably achievable.

Three key terms that are often confused when describing clinical trials are efficacy,
effectiveness and efficiency. Efficacy relates to how the treatment works in a trial,
effectiveness relates to whether it works in real life, and efficiency relates to whether it is
the best treatment for the purpose.
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7.2 TYPES OF TRIALS

The objectives of each phase, in a somewhat idealised pathway, of a typical
development programme for a new drug are summarised in Figure 7.1 and range
from studies to determine the pharmacokinetic profile of a drug in healthy volunteers to
large-scale randomised comparative trials. However, some of these steps may be taken
in parallel and even simultaneously in the same subjects.

The nomenclature of Phase I, II and III has been developed for drug development
but they essentially apply (although modifications may be necessary) to new
approaches to surgery, radiotherapy, medical devices and combinations of such
procedures. They also extend beyond merely therapeutic trials to planning, for example,
trials comparing alternative forms of contraception in women, and trials evaluating
alternative health promotion interventions. However, in some instances, such as in
trials comparing educational packages, they may start at the Phase III stage without
involving the earlier phases.

Although there is not always a clear division between preclinical studies and clinical
trials, the essential difference is that in the latter there is usually some therapeutic intent.
As a consequence, even in a very early dose-escalation Phase I trial in a patient with a
malignancy, there is a concern not to give too little of a drug as such a dose would be
extremely unlikely to bring any (anti-tumour) benefit to the patient. Thus an early stage
clinical trial may include in the design some assessment of response as for a Phase II
trial.

If these trials are concerned with patients, as opposed to ‘healthy’ controls, then
careful note of this fact must play a role in determining those who are eligible for the
trial. These considerations will differ from phase to phase in the drug development
process, the particular treatment modality under consideration, the severity of the
disease and many other factors.
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Phase Objective

Preclinical To investigate pharmacokinetics and types and level of
toxicity usually in healthy volunteers.

I To estimate the maximum tolerated dose (MTD) of a
proposed agent or combination, using a cautious dose-
escalation strategy in patients.

II To establish clinical activity and to roughly estimate
clinical response rate in patients.

III A randomised comparison of efficacy of the candidate
treatment against a currently accepted standard in
patients.

Figure 7.1 Objectives of preclinical studies and clinical trials of the different phases in the
development of a drug (part based on Bryant and Day, 1995; reproduced by permission of

Blackwell Publishers Ltd)



PHARMACOKINETIC STUDIES

At some stage in the drug development process a new compound moves from the
laboratory and is then usually tested in animals prior to its introduction in humans. A
first step into humans may be to determine the pharmacokinetic properties of the drug
in healthy volunteers. Studies carried out primarily to address pharmacokinetic issues
are often referred to as ADME studies, since they are designed to characterise four
fundamental aspects of a drug’s kinetics: Absorption, Distribution, Metabolism, and
Excretion. In some circumstances the profile may need to be determined in patients,
rather than in healthy volunteers, as the disease itself may affect the pharmacokinetic
properties in an important way. These studies may be comparative in nature when
assessing the bioequivalence of a new compound as compared to a previous standard.

Example – PK profile of sumatriptan tablets – migraine relief

Walls, Lewis, Bullman et al. (2004) describe the PK profile of a new form of
sumatriptan tablets for potential use for patients with migraine. In their study
healthy subjects were used. They concluded that the new form was
bioequivalent to sumatriptan conventional tablets and was absorbed more
quickly.

PHASE I TRIALS

After the ADME studies, or in parallel, a Phase I clinical trial commences in patients.
Typically a Phase I trial takes the form of testing a range of doses suggested by studies
in the laboratory animal or by comparison with those drugs with similar properties.
The trial aims to determine which of these chosen doses (if any) should be passed to the
next phase of development to determine its activity. The dose is often chosen on the
basis of the highest feasible with an acceptable toxicity profile. The definition of
‘acceptable toxicity’ and how it is to be assessed is crucial to this phase.

Example – Phase I trial – unresectable pancreatic cancer

Muler, McGinn, Normolle et al. (2004) describe a Phase I trial in which 19
patients with pancreatic cancer were treated with cisplatin combined with
gemcitabine and radiation therapy (RT). They concluded that cisplatin doses
up to 40mg/m2 could be safely added to full-dose gemcitabine and conformal
RT.
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PHASE II TRIALS

Once the dose of a compound is recommended from a Phase I study, then activity at
that dose may be tested in a Phase II trial. Such studies, although not generally
comparative in nature, will often be designed with the knowledge that other compounds
are active for the disease in question, so that evidence of at least this minimum activity
may be sought. The definitions of how ‘activity’ is defined and assessed are crucial to
this phase. If sufficient activity is demonstrated then this may suggest testing for
efficacy in a randomised Phase III comparative trial.

Example – Phase II trial – carcinosarcoma of the female genital tract

Van Rijswijk, Vermorken, Reed et al. (2003) conducted a Phase II trial in 48
women with carcinosarcoma of the genital tract. Although the activity of the
combination of cisplatin, doxorubicin and ifosfamide was established (overall
response rate 56%), they did not recommend this treatment combination but
suggested that those ‘with more favourable toxicity profiles should be
explored’.

It is clear from this example that Phase II trials are not confined to those testing a single
agent.

PHASE III TRIALS

Randomised

Phase III trials are comparative in nature so that a typical structure is to compare the
drug suggested as active with the standard treatment for the disease in question. This
usually takes the form of a randomised controlled trial (RCT) and this design is
regarded as the design ‘gold standard’ for this evaluation. This does not imply that it
is the only type of trial worthy of conduct but rather that it provides a benchmark
against which other trial designs are measured. The standard or control treatment used
in the comparison may have been a compound that had arisen from a previous drug
development programme. The earlier phases for the new drug in question will have
utilised only indirect measures of efficacy, perhaps tumour response, so it is now
important to define the efficacy measure to be used for this evaluation. In any new drug
development programme we may hope that the contender drug will outperform the
standard but we will not know this until the trial is complete. Measures of efficacy
might be the survival of the patient, time to resolution of their disease, pain relief or
health related quality of life (HRQoL), or a combination of several of these.

In some cases, the ‘best’ experimental design may not be a practical option for the
trial. For example, in the context of a planned 262 factorial trial of (say) two drugs A
and B, against a placebo for each, there are four combinations (1), a, b, and ab. (We
discuss placebo treatment in more detail in section 7.5.) With these combinations there
is the intention that one in four of the patients receive both placebos, with therefore no
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chance of activity. Equally patients may receive both A and B, perhaps associated with
feared unacceptably high toxicity. These considerations may reduce the optimal four-
group parallel design to a practical three-group design of either [(1), a, b] or [a, b, ab]
configuration depending on the circumstances. Both these designs are less (statistically)
efficient than the full factorial so may require more patients than the full design to
answer the less complete range of questions.

In general one may be looking for superiority of the test over the standard, but there
are circumstances where a satisfactory outcome for the new drug is that the test does
not perform worse than the standard to a predefined extent. Such non-inferiority
designs imply that, although some compromise may be conceded on the main outcome
variable, these other factors favouring the new therapy will offset this. For example, if
the new compound was equally effective (not better) but had a better toxicity profile,
then this would be useful.

In this context, it is important to make the distinction between randomisation and a
random sample used in, for example, a population survey. Patients in a randomised
trial are seldom, if ever, a random sample of the population of patients with the disease
in question. As a consequence, trials have good internal validity, but may be difficult to
generalise. Thus, for example, there is a paucity of trials of drugs in children, and it is
unclear sometimes whether results obtained from trials in adults can be generalised to
children.

Non-randomised

In certain circumstances, when a new treatment has been proposed for evaluation,
investigators have recruited patients into a single-arm study. The results from these
patients are then compared with information on similar patients having (usually in the
past) received a relevant standard therapy for the disease in question. However, such
historical comparisons may well be biased in many possible ways but to an unknown
extent, so that it will not be reasonable to ascribe the difference (if any) observed
entirely to the treatments themselves. Similar problems arise if all patients are recruited
prospectively but allocation to treatment is not made at random. Again in such cases
the comparisons made will be biased and hence are unreliable. Of course, in either case
there will be situations when one of these designs is the only option available. In such
cases, a detailed justification for not using the ‘gold standard’ of the randomised
controlled trial is required.

Understandably, in this era of EBM, information from non-randomised comparative
studies is categorised as providing weaker evidence than that from randomised trials.

Example – non-randomised design – glioblastoma in the elderly

Brandes, Vastola, Basso et al. (2003) describe a study comparing radiotherapy
alone (Group A), radiotherapy and the combination of procarbazine,
lomustine and vincristine (Group B), and radiotherapy with temozolomide
(Group C) in 79 elderly patients with glioblastoma.
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The authors state: ‘The first group (Group A) was enrolled in the period
from March 1993 to August 1995. . . . The second group (Group B) was
enrolled from September 1995 to September 1997. . . . The third group (Group
C) was enrolled from September 1997 to August 2000 and . . .’.

The authors conclude: ‘Overall survival was better in Group C compared
with Group A (14.9 months v 11.2 months, P¼0.002), but there were no
statistical differences found between Groups A and B or between Groups B
and C’.

However, since patients have not been randomised to groups, we cannot be
sure that the differences (and lack of differences) truly reflect the relative
efficacy of the three treatments concerned.

7.3 ELIGIBILITY

Common to all phases of clinical trials is the necessity to define precisely who are
eligible subjects. If healthy volunteers are required then a definition of ‘healthy’ is
required. This definition may be relatively brief or complex depending on the substance
under test. At the very early stage of the process it is very understandable that great care
is taken in subject and, particularly, patient choice. In these situations, perhaps
involving the very first use of the compound in humans, all the possible adverse
eventualities have to be considered. These usually result in a very restricted definition
for those that can be recruited.

Example – eligibility to a pharmacokinetic study – bioavailability of telithromycin

Bhargava, Lenfant, Perret et al. (2002) in a bioavailability study of the
antibacterial telithromycin define the subjects to be recruited as follows: ‘Male
subjects aged between 18 and 45 y were recruited. Subjects were eligible for
inclusion in the study if they were judged to be free of clinically significant
disease on the basis of complete medical history and physical examination,
standard clinical laboratory tests, a 12-lead electrocardiogram (ECG)
(QTc4400ms) and vital sign assessments (heart rate540 beats/min). Liver
function tests, aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) had to be strictly within the normal range’.

Example – eligibility to a Phase I trial – unresectable pancreatic cancer

In the Phase I trial of Muler, McGinn, Normolle et al. (2004), to be eligible
patients were deemed to have unresectable pancreatic cancer, with or without
metastases, based on helical computed tomography scan, endoscopic
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ultrasound and surgical consultation. In addition, their age was to be greater
than 18 years, Zubrod performance status 42, estimated life expectancy of at
least 12 weeks and adequate organ function defined as: absolute neutrophil
count 51500 cm3, platelets 5100 000/cm3, serum creatinine 51.5mg/dL,
bilirubin 53mg/dL, and AST 55 times upper limit of normal. Further they
had to have no prior history of abdominal irradiation or chemotherapy for
pancreatic cancer.

Once the possibility of some activity (and hence potential efficacy) becomes indicated
then there is at least a prospect of therapeutic gain for the patient. In this case, the
investigators may expand the horizon of eligible patients but simultaneously confine
them to those in which a measurable response to the disease can be ascertained.

Example – eligibility to a Phase II trial – gemcitabine in nasopharyngeal
carcinoma

Foo, Tan, Leong et al. (2002) specify that patients were to have histologically
confirmed undifferentiated carcinoma arising from the nasopharynx, bidimen-
sionally measurable disease not within any prior radiotherapy fields, be between
18 and 75 years, with an Eastern Cooperative Oncology Group (ECOG)
performance status (PS) 52. In addition there were seven clinical chemistry
limits that had to be satisfied before inclusion was possible. All patients were to
receive 1250mg/m2 gemcitabine on days 1 and 8 of a 21-day cycle.

In contrast to pharmacokinetic, Phase I and II trials, in a Phase III trial in which a
prospective new therapy is under test, the eligibility should reflect if possible the (wider)
patient pool in which it is to be eventually used should it prove effective. Thus the
emphasis now is to define simple and minimal eligibility criteria that allow all types of
patients into the trial in whom benefit from the therapy may be expected. Essentially
these include all the patient types for which the comparator in the trial is the current
standard. If the eligibility criteria are too narrow, then, however good the test
treatment, the clinical implications will affect only small groups.

Example – eligibility to a Phase III trial – burn wound management

Ang, Lee, Gan et al. (2001), in a randomised trial to compare Moist Exposed
Burns Ointment (MEBO) with conventional dressing, specified that eligible
patients were all patients with partial-thickness burns. The exceptions were
those of very young age and very old patients (56 and 480 years), and those
with chemical or electrical burns. Patients with severe burns are by their very
nature emergency admissions, so minimal time must be spent in assessing
eligibility as protocol treatment must commence immediately.
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There are at least two further aspects of the eligibility requirements that are
important. The first is that the patient indeed has the condition in question and
satisfies all the other requirements. There must be no specific reasons why the patient
should not be included. For example, in some circumstances pregnant or lactating
women (otherwise eligible) may be excluded for fear of impacting adversely either on
the foetus or the newborn child. The second is that all the therapeutic options for
study in the Phase III trial are equally appropriate for the particular patient. Only if
both these aspects are satisfied should the patient be invited to consent to participate
in the trial.

There will be circumstances in which a patient may be eligible for the trial but the
attending physician feels (for whatever reason) that one of the trial options is ‘best’ for
the patient. In which case the patient should receive that option, no consent for the trial
is then required and the randomisation would not take place. In such circumstances, the
clinician should not randomise the patient in the hope that the patient will receive the
‘best’ option. To withdraw the patient from the trial if the alternative option is allocated
may seriously bias the trial conclusions.

7.4 INFORMED CONSENT

The ideal is that each patient or volunteer give fully informed and written consent.
However, departures from this may be appropriate. For example, such departures may
concern patients who may be unconscious at admission, patients with hand burns that
are so severe that they affect their ability to sign the form, very young children or those
with dementia. In these cases a proxy is required to consent for them.

PHARMACOKINETIC, PHASE I AND PHASE II
TRIALS

In general, pharmacokinetic and Phase I trials are not comparative, so only details of
the procedures that are to be involved and any potential side effects and risks need to be
explained. For those involving patients, it would be important to explain that little
therapeutic benefit could be expected.

Since most Phase II trials are not comparative also, only details of the procedures
that are to be involved and any potential side effects and risks need to be explained.
It would be important to explain to the patient that any therapeutic benefit hoped
for, such as tumour shrinkage, may or may not transfer into benefit for the patient
with respect to (say) increased survival or improved HRQoL. In the case of
randomised Phase II trials, then considerations similar to those of Phase III would
apply.

PHASE III TRIALS

Individually Randomised

In a comparative trial, all the options should be explained in detail to the patients
concerned. This explanation must be provided before the randomisation is effected as

146 CLINICAL TRIALS – GENERAL ISSUES



INFORMED CONSENT 147

Figure 7.2 Consent form utilised in a trial of head and neck cancer conducted by the National
Cancer Centre, Singapore (and reproduced with their permission)



knowledge of the assignment may influence the way in which an investigator explains
the alternatives. Otherwise greater stress or detail on the option selected by the
randomisation procedure may be given. A key feature of the consent process is to
explain the randomisation procedure.

An example of a consent form used in a randomised trial in patients with head and
neck cancer is shown in Figure 7.2. This form satisfied the local regulations and was
used concurrently with a patient information sheet explaining more about the trial and
emphasising that participation was completely voluntary.

Randomised Consent Designs

In view of difficulties associated with obtaining informed patient consent to join a trial,
various options have been proposed to minimise these difficulties. One suggestion is a
Zelen (1992) design in which eligible patients are randomised to one of the two
treatment groups before they are specifically contacted about the details of the trial.
Once randomised, then those who are allocated to the standard treatment are all treated
with it and no consent to take part in the trial is sought. The ethical argument is that
this is the treatment they would have received in the absence of the trial, so no
permission is needed. On the other hand, those who are randomised to the experimental
treatment are asked for their consent; if they agree they are treated with the
experimental treatment; if they disagree they are treated with the standard treatment.
Huibers, Bleijenberg, Beurkens et al. (2004) describe a modification of the Zelen design
in which patients are randomised before being approached but consent is then sought
from both arms. However, neither arm is told of the existence of the alternative
therapy.

The chief difficulty is that these designs each involve some deception and, although
carried out with the best of intent, this is difficult to square with an ethical approach.
Also most trials require additional measurements to be made on patients, even those in
the control group and so consent is required for this and an explanation given of why
the measurements are being made. This process clearly nullifies the advantage of a
Zelen approach.

Cluster-randomised

Cluster-randomised trials, in which patients are randomised in clusters, are described in
more detail in Chapter 9. For cluster-randomised trials there are two levels of consent.
For example, the health care professionals consent to take part in the study, and then,
after randomisation, the patients are informed that randomisation has occurred and
that they are part of a study. However, for public heath promotion trials no consent by
those receiving the intervention may be possible.

An ethical dilemma can occur when the health provider has been trained, in the
context of a cluster design trial, to give a particular treatment in a certain way. Then, if
an individual patient presents for a consultation, the individual does not have any
choice as to how the treatment is given. In this context, in trials that compare a new
approach with ‘usual care’, it would seem unnecessary to inform the patients in the
‘usual care’ group about the trial since their treatment is unchanged. Thus Donner,
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Piaggio, Villar et al. (1998) used a Zelen design in a large multinational antenatal care
trial.

In cluster designs there is an additional problem when blindness is an issue. For
example, for many treatment trials validity is improved if the subject is unaware of what
treatment they are receiving. Thus it would reduce bias if both groups of patients were
aware that a trial was being carried out, but were not told specifically what treatment
they would receive. In the ‘patient-centred’ trial of Kinmonth, Woodcock, Griffin et al.
(1998) patients were asked afterwards if they felt their doctor was using a ‘patient-
centred’ approach and a greater number thought so in the active group than in the
control group. As a consequence, there is some concern with respect to the size of the
potential bias in the final comparisons made.

7.5 THERAPEUTIC OPTIONS

The ‘therapeutic’ options should be well described within the trial protocol and details
of what to do if treatment requires modification or stopping for an individual patient
should be given. Stopping may arise either when patients merely refuse to take further
part in the trial or from safety concerns with a therapy under test.

EQUIPOISE AND UNCERTAINTY

The randomised trial is the standard against which other trial designs may be
compared. By the very term ‘randomised’, this design implies that the particular
treatment given is chosen neither by the patient nor by the doctor, but by a
randomisation device. In addition there must be genuine uncertainty as to which of the
options is best for the patient. It is this uncertainty which provides the necessary
equipoise to justify random allocation to treatment after due consent is given. When a
trial is planned, it is therefore clear that there must be considerable ‘uncertainty’ with
respect to the relative efficacy of the ‘therapeutic’ options. Without this uncertainty, the
trial should not commence. On the other hand, once the trial is completed, one hopes
that much of the initial uncertainty will be removed and that a recommendation with
respect to one or other (or even both) of the options can be made. The very basis of
planning the study size is that only when the trial has completed recruitment and
follow-up, will one have sufficient information to reduce the uncertainty of the planning
stage to a level that permits one option (say) to be recommended for future clinical use.
At this stage the original ‘equipoise’ should no longer be in place.

STANDARD OR CONTROL THERAPY

At some stage in the development of a new therapy it is important to compare this with
the current standard for the disease in question. In certain circumstances, the new
therapy may be compared against a ‘no-treatment’ or placebo control.
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Example – placebo-controlled trial – advanced hepatocellular carcinoma

In the randomised controlled trial conducted by Chow, Tai, Tan et al. (2002) in
advanced liver cancer, patients were randomised to receive either placebo or
tamoxifen. In this trial, both patients and the attending physicians were blind
to the actual treatment that was given. Such a ‘double-blind’ or ‘double-
masked’ trial is a design that reduces any potential bias to a minimum.

Placebo controls and ‘no-treatment’ controls are not possible in many circumstances.
In this case, the ‘control’ will be the current best practice against which the new
treatment will be compared and is usually termed the ‘comparison’ group. For example,
in patients receiving surgery for the primary treatment of head and neck cancer
followed by best supportive care, the randomised controlled trial may be assessing the
value of adding post-operative chemotherapy to this ‘standard’ approach. In this case
the comparison group are those who receive the current standard of no adjuvant
treatment, whilst the ‘test’ group receive chemotherapy in addition.

TEST THERAPY

It is self-evident, that if there are only minor differences in the treatments included in a
randomised trial, then only a very large-scale trial would detect any differences in
efficacy, even if they were truly present. Thus it is best (within the realms of
practicability and safety considerations) if the treatment options are as different as
possible. For example, if a randomised trial is planned to test against placebo (dose
d¼0) a drug (at dose d), then d should be taken as high as possible. If in such a trial no
effect is demonstrated, then one may be reasonably confident that the drug is not
efficacious. On the other hand, if a lower dose d/2 (say) had been chosen to compare
with placebo, then a negative outcome may be a result of the dose chosen being too low
rather than the drug being truly inactive.

LARGE SIMPLE TRIALS

There are circumstances where small therapeutic advantages may be worthwhile
demonstrating, particularly in the fields of cardiovascular disease and cancer. In terms
of trial size, the smaller the potential benefit, essentially the effect size, then the larger
the trial must be in order to be reasonably confident that the small benefit envisaged
really exists at all.

Trials of this type, often involving many thousands of patients, are a major
undertaking. To be practicable, they must be in common diseases in order to recruit the
required numbers of patients in a reasonable time frame. They must be testing a
treatment that has wide applicability and can be easily administered by the clinicians
responsible or the patients themselves. The treatments must be relatively non-toxic,
otherwise the small benefit will be outweighed by the side effects. The trials must be
simple in structure and restricted as to the number of variables recorded, so that the
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recruiting clinicians are not overburdened by the workload attached to large numbers
of trial patients going through the clinic. They also need to be simple in this respect for
the responsible statistical centre to cope with the large amounts of patient data
collected.

Example – large simple trial – early breast cancer

The ATAC (Arimidex, Tamoxifen Alone or in Combination) Trialists’ Group
(2002), as the group name suggests, was designed to test the combination of
tamoxifen and anastrozole (arimidex) as adjuvant treatment for postmeno-
pausal women with early breast cancer. The design had three arms of a 262
factorial design but omitted the double-placebo combination. The trial
involved a relatively common disease and used very simple (and low-cost)
treatments taken as tablets with very few anticipated side effects. In the event
the trial recruited 9366 women and the preliminary results indicate that
anastrozole is an effective and well-tolerated endocrine option for these
patients.

INFLUENCING CLINICAL PRACTICE

Although we will talk specifically about trial size in the context of Phase I, II and III
trials in the following chapters, there are general issues to consider. For example, when
designing a new trial, the size (and of course design) should be chosen so that there is a
reasonable expectation that the key question(s) posed will be answered. For Phase III
trials, this implies that a realistic assessment of the potential benefit (the anticipated
effect size) of the proposed test therapy must be made at the onset. The history of
clinical trials research suggests that, in many circumstances, rather over-optimistic
views of potential benefit have been claimed at their design stages. This has led to many
inconclusive trials because of an inadequate number of patients. Such trials often
reporting estimates of relative efficacy, had they been reliably established, of a clinically
important magnitude. Thus the small trial conducted by Lau, Leung, Ho et al. (1999)
indicated a large benefit for the use of adjuvant intra-arterial iodine-131-labelled
lipiodol in resectable hepatocellular carcinoma but the alleged benefit was questioned as
‘too-good-to-be-true’ by Pocock and White (1999). Further reporting this small trial
also compromised the possibility of confirmatory trials as the level of activity indicated,
but certainly non-proven, impacted on the necessary ‘equipoise’ to justify randomisa-
tion in any subsequent trials.

Thus an important consideration at the design stage is to whether, should the new
treatment prove effective, the trial will be reliable enough in itself to convince clinical
teams not associated with the trial of the findings. Importantly, if a benefit is
established, will this be quickly adopted in clinical practice? Experience has suggested
that trials that will be adopted in practice are likely to be large, conducted by a
respected group and have wide multicentre involvement. Thus there are considerations,
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in some sense outside the strict confines of the design, which investigators should heed if
their findings are to have the desired impact.

7.6 PRACTICALITIES

INTENTION-TO-TREAT (ITT)

Once patients have been randomised to a clinical trial, treatment as specified in the
protocol should start as soon as it is practicably possible. For the severely burnt
patients either MEBO or conventional dressings can be immediately applied. On the
other hand if patients, once randomised, have then to be scheduled for surgery, there
may be considerable delay before surgery takes place. This delay may provide a period
in which the patients change their mind about consent or, indeed, in those with life-
threatening illness, some may die before the scheduled date of surgery. Thus, the
number of patients actually starting the protocol treatment allocated may be less than
the number randomised to receive it.

The ‘intention-to-treat’ (ITT) principle is that once randomised the patient is retained
in that group for analysis whatever occurs, even in situations where a patient after
consent is randomised to (say) A but then refuses and even insists on being treated by
option B. The effect of such a patient is to dilute the estimate of the true difference
between A and B. However, if such a patient was analysed as if allocated to treatment
B, then the trial is no longer properly randomised and the resulting comparison may be
seriously biased. The ITT principle ensures that for a trial set up to test differences, any
estimate of treatment effect is, if anything, biased towards the null, whereas the
difficulty with analysing a trial by the treatment patients actually received is that we do
not know the direction of the bias.

One procedure that used to be in widespread use was to review the trial in detail once
the protocol treatment and follow-up were complete and all the trial-specific
information collected. This review would, for example, check that the patient eligibility
criteria were satisfied and that there had been no important protocol deviations while
on treatment. The problem is this tends to selectively exclude patients with the more
severe disease. Usually, this review would not be blind to the treatment received. In fact
even if the trial were double-blind, there might still be clues, once the data are examined
in this way, as to which treatment is which.

Evidence for selective exclusion following such reviews is provided by Machin,
Stenning, Parmar et al. (1997) who examined some of the first UK Medical Research
Council randomised trials in patients with cancer. They showed that the earlier
publications systematically reported on fewer patients in the more aggressive treatment
arm despite a 1:1 randomisation. Thus, for example, any patient who had difficulties
with this treatment, perhaps the more sick patients, were not included in the assessment
of its efficacy and this systematic exclusion would tend to bias the results in its favour.

PER PROTOCOL

In general, the application of ITT to a superiority trial is conservative in the sense that it
will tend to dilute between observed randomised treatment group differences and so

152 CLINICAL TRIALS – GENERAL ISSUES



reduce the chance of demonstrating efficacy. However, Piaggio and Pinol (2001) point
out that for ‘equivalence’ (see section 9.3) trials the dilution caused by ITT will not be
conservative as it will tend to favour the equivalence hypothesis. Too many patients
failing to adhere to their allocated treatment, for whatever reason, will clearly dilute the
respective treatments to such an extent that each becomes like the other and hence falsely
‘equivalent’.

Thus in certain circumstances, a ‘per protocol’ summary may be more relevant. In such
an analysis, the comparison is made only in those patients who comply (which has to be
carefully defined in advance) with the treatment allocated. Lewis and Machin (1993)
point out, as one example of a per protocol analysis, that if the toxicity and/or side-effects
profile of a new agent are to be summarised, any analysis including those patients who
were randomised to the drug but then did not receive it (for whatever reason) could
seriously underestimate the true levels. If this is indeed appropriate for such endpoints,
then the trial protocol should state that such an analysis is intended from the onset.

A clear statement of what distinguishes an ITT from a per protocol analysis is made
by ICH (1999).

HEALTH RELATED QUALITY OF LIFE

Most Phase III trials are intended primarily to address questions of efficacy, although
frequently there are important secondary objectives. Of these HRQoL may be
particularly important. Indeed, it may be the endpoint of prime importance in patients
with chronic conditions or in those who are terminally ill or psychologically impaired.
However, the measurement process is now made by means of one or more HRQoL
instruments. These instruments are developed according to a very strict series of
procedures and, in general, cannot be quickly developed just for the trial in hand.

The HRQoL domains measured by these instruments may then be used as the
definitive endpoints for clinical trials. If a single aspect of the HRQoL instrument,
measured at one time point, is to be used for treatment comparison purposes then no
new principles are required, either for trial design purposes or for analysis. On the other
hand, and more usually, there may be several aspects of the QoL instrument that may
need to be compared between treatment groups and these features will usually be
assessed over time. This is further complicated by often-unequal numbers of
assessments available from each patient, caused by missing assessments in the series
for a variety of reasons related, perhaps in terminal patients once close to death, or
unrelated to the health status of the patient concerned.

Although design principles may not change to a large degree, logistical problems are
magnified. These range from determining the schedule for when the HRQoL assessments
are to be made and by whom – the patient or the carer (although this may be instrument
specific) – to checking that all questions are completed, to dealing with the large quantity
of data at the analytical and reporting stages. Fayers and Machin (2000) and Fairclough
(2002) discuss these and other features of HRQoL data in some detail.

ECONOMIC EVALUATION

As with HRQoL, there may be circumstances where an economic evaluation of the
relative merits of two treatments is required. This may be particularly important if
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non-inferiority is to be demonstrated or if the relative costs associated with particular
modalities are difficult to quantify. If we were to design a trial primarily to compare
costs associated with different treatments we would follow the basic ideas of blinding
and randomisation and then record subsequent costs incurred by the patient and the
health provider. A very careful protocol would be necessary to define which costs are
being considered so that this is measured consistently for all patients.

However, most trials are aimed primarily at assessing efficacy and a limitation of
investigating costs in a clinical trial is that the schedule of, and frequency of, visits by
the patient to the physician may be very different to what it would be in routine clinical
practice. Typically patients are monitored more frequently and more intensely in a trial
setting than in routine clinical practice. The costs recorded, therefore, in a clinical trial
may well be different (probably greater) than in clinical practice.

The same limitation does, of course, apply to efficacy evaluations as the overall level
of efficacy seen in clinical trials is often not realised in clinical practice. However, in a
clinical trial, since it is the relative efficacy of one treatment over another that is
determined then this limitation, whilst still important, can be considered less of an
overall objection.

Recommendations of how trials incorporating health economics assessment should
be conducted have been given by Drummond and McGuire (2002), while Neymark,
Kiebert, Torfs et al. (1998) discuss some of the methodological issues as they relate to
cancer trials.

7.7 TRIAL CONDUCT

REGISTERING CLINICAL TRIALS

An important criticism made by the teams conducting systematic reviews of clinical
trials is that the relevant trial results are not always published. This may be because the
trial was never completed or it turned out to give equivocal or negative results, or
perhaps was due to mere indolence on the part of the investigating team. As a
consequence, systematic overviews seek out those trials that are unpublished as well as
those that are published in the medical literature. There has long been evidence that
those unpublished trials may represent the more ‘negative’ of trials conducted so that if
an overview is made without them the associated meta-analysis may provide an unduly
optimistic view of the (new) therapy under test.

To overcome some of these difficulties, Dickersin and Rennie (2003) argue, as have
many others, that an important first step in the trial development and conduct process
would be to formally register trial protocols. This registration should be completed
before a trial can even begin. They argue that each trial should be given a unique
identifier so that there can be no ambiguity at a later date. This unique identifier would,
for example, have to be quoted to the relevant journal editor when submitting the
clinical results for publication. It would clearly allow those conducting systematic
reviews to be sure that all relevant trials are included in their review. Some of the details
that may be required for satisfactory registration purposes are listed in Figure 7.3.

Many of the items are obviously very easy to provide as they form part of the key
information that will be included in all good clinical trial protocols. It is somewhat
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more difficult to specify all the ‘locations’ where the trial may eventually take place.
This tends to suggest that the registration will have to be updated as the trial progresses
but provided the information required is not too extensive, this should not be too large
a burden for a well-organised investigating team.

Although registration is certainly not mandatory or even possible at national level in
most situations, it is goal that can be achieved by the funding bodies and, at least, the
home institution of the leading investigators.

REGISTERING PATIENTS

Allied to the issue of registering the trial protocol, it is also very important to register
the patient onto the trial so that ultimately the trial report concerns the outcome of all
the registered patients. For randomised controlled trials, this registration will usually be
an integral part of the randomisation process and it is customary for careful attention
to be paid to this point. Indeed the reporting requirements of the clinical journals and
the regulatory authorities for such trials, especially if the results are to be part of a
product licence application, make it very explicit that this is required.

The magnitude of Phase III trials in terms of patient numbers forbids reporting of
individual outcomes and in most cases this would not be sensible. However, for earlier
phase studies anonymised patient specific data may be very valuable indeed as these
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Identifying Name of organisation conducting the trial

Information Name of trial sponsor

Protocol number

Trial details Purpose

All interventions

Title and acronym

Disease or condition

Eligibility criteria

Design

Planned trial size

Locations where recruitment takes place

Funding Full details of all funding with associated reference numbers

Contact Lead principal investigator and other key personnel

Conduct Date first patient entered

Recruitment status

Date of last patient entered

Figure 7.3 Suggested details necessary for trial registration purposes



trials are conducted at the more ‘experimental’ stages and such detail may provide
interesting clues for other research teams. Sadly, the standard of reporting of Phase I
and II studies does not often meet the high standards demanded of the Phase III
randomised controlled trial. Indeed it is often difficult to know how many patients were
actually included in some of these studies.

Example – reporting a Phase I trial – pancreatic cancer

An excellent example of the careful reporting of a Phase I trial is provided by
Muler, McGinn, Normolle et al. (2004). They give patient-by-patient details of
date ‘on-study’, the dose administered, the date ‘off-study’ and whether or not
a dose-limiting toxicity (DLT) was observed. In this list was also included one
patient (Patient 8) in whom DLT could not be assessed. This list, and other
aspects of this report, allows the interested reader to obtain maximal
information from their study.

DATA MONITORING

Once a clinical trial is under way, the responsible teams have much to do. Thus, in
addition to recruiting and treating patients, often with a protocol which is more
stringent than standard practice, and organising follow-up, they must monitor the
accumulating data for safety (and efficacy). Although safety will be of paramount
concern for the individual patients, collective concern over many patients may
determine whether a regimen is safe enough for use and, if it is found unsafe (within the
context of the trial), may justify premature closure of the study. It is also possible that
the early trial data indicate a real advantage (or disadvantage) to the new therapy under
test.

In general, it is best if an independent group monitors the trial progress, although the
individual clinical and statistical teams should always be on the lookout for the
untoward. It is usual that this Data Monitoring Committee (DMC) is constituted of
clinical members and a medical statistician, cognisant of the issues concerned but not
involved with the trial itself.

WHEN TO PUBLISH

The first rule after completing a clinical trial is to report the results – whether they are
positive, negative or equivocal. Despite this mandate to publish, not least so that any
benefits that may have been demonstrated may be passed to future patients as quickly
as possible, some care has to taken in deciding the appropriate time for this. In
circumstances where all patients have been recruited and complete efficacy details
obtained from every patient as specified in the protocol, publication can be immediate.
In contrast, if the trial involves long-term follow-up of patients, perhaps eventually
recording their survival time from randomisation, then it may be a long time before all
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patients have died. Such trials depend on the number of events observed and not just
the numbers of subjects recruited. Thus an appropriate time to publish is once the
number of events specified in the protocol has been observed. The time when this will
occur can be estimated at the design stage, and refined as the trial progresses, so as this
number approaches, steps can be taken for preparing the publication to minimise
delays.

There will be circumstances where, for example, the new treatment in a Phase III trial
may be much more efficacious than had been anticipated at the design stage. The
temptation is then to stop the trial early or at least to publish the interim findings.
However, seldom, if ever, will it be justifiable to publish interim results while the trial is
still open, since it will certainly disturb the equipoise necessary for the randomisation
and will affect the ‘fully informed’ consent process. However, any decision to stop a
trial early, or to publish interim results, should not be made without prior consultation
with the independent DMC who should be the only ones fully conversant with the full
data. Once a randomised trial is stopped early, for whatever reason, it may not be
possible to start again and the consequences of an inconclusive result thereby arising
are of real concern.
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Participants Eligibility criteria for participants and the setting and locations where
the data were collected

Interventions Precise details of the interventions intended, and how and when they
were actually administered

Objectives Specific objectives and hypotheses

Outcomes Clearly defined primary and secondary outcome measures

Sample size How sample size was determined

Randomisation Details of method used to generate the random allocation sequence –
including details of strata and block size

Method used to implement the random allocation – numbered
containers, central telephone, or web based

Blinding Description of the extent of the blinding in the trial – investigator,
participant

Statistical methods Statistical methods used for the primary outcome(s)

Participant flow Flow of participants through each stage of the trial

Recruitment Dates defining the periods of recruitment and follow-up

Follow-up As many patients as possible to be followed up. Drop-outs should be
reported by treatment group

Figure 7.4 Selected key items to be included in a clinical trial report (adapted and abbreviated
from that recommended for a Phase III trial by Moher, Schultz and Altman, 2001)



CONSORT

Considerable effort is required in order to conduct a clinical trial of whatever type and
size and this effort justifies reporting of the subsequent trial results with careful detail.
However, there is a wide variation in the quality of the standard of reporting of clinical
trials. Some reports even omit key details such as the numbers randomised to each
group in a Phase III trial. Nevertheless major strides in improving the quality have been
made and pivotal to this has been the Consolidation of the Standards of Reporting
Trials (CONSORT) statement described by Begg, Cho, Eastwood et al. (1996),
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Figure 7.5 Trial profile following the CONSORT guidelines (from Verhoef, West, Nzyuko et
al., 2002; Reprinted with permission from Elsevier (The Lancet, 360, 908–914))



amplified by Moher, Schultz and Altman (2001) and extended to cluster randomised
trials by Campbell, Elbourne and Altman (2004). CONSORT describes the essential
items that should be reported in a trial publication in order to give assurance that the
trial has been conducted to a high standard. This is an internationally agreed
recommendation, adopted by many of the leading medical journals, although there are
still some who do not appear to insist that their authors comply with the requirements.
Some of the key items from CONSORT are listed in Figure 7.4.

One particular feature of the CONSORT statement is that the outcomes of all
participants randomised to a clinical trial are to be reported. Thus a full note has to be
provided on those who post-randomisation, for example, then refuse the allocation and
perhaps then insist on the competitor treatment. Figure 7.5 gives an example of the
CONSORT style patient flow through the 262 factorial randomised trial conducted by
Verhoef, West, Nzyuko et al. (2002) in anaemic children. The schema clearly shows the
numbers randomised to each group, and the detailed reasons why 21 of the children,
roughly equal numbers per randomised group, did not complete the study.

For those designing clinical trials it is clearly important to be aware of the demands
that will be made at the reporting stage. Thus a careful investigating team will take due
note of these requirements and modify the design as necessary and ensure as the trial
progresses the necessary information is accumulated.

Design features

Consider the full range of design options

Careful definition of eligibility criteria

Careful definition of endpoints

Careful monitoring for safety

Consider the ethical aspects – approval, consent and patient information

Ensure all patients are registered

Use the CONSORT checklists – to verify the key requirements are met at the design
stage

Have a target journal for publication in view
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