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Design issues in head and neck clinical trials:

a statistician’s perspective

Catherine Fortpied, Cecilia Liberatoscioli and Jan Bogaerts

The purpose of this article is to present some of the
challenges the trial statistician meets when designing a
clinical trial of the head and neck cancer. In recent years,
the field of head and neck cancer has been facing some
exciting evolutions, such as the arrival of newly targeted
therapies and findings of disease causality and prognosis.
These evolutions are accompanied by challenges in trial
methodology that continue even today, and will most likely
grow in importance in the future. This article focuses
essentially on the design of phase lll trials and discusses
three major topics: should the trial be designed for a broad
or a targeted population? Is there a concern for lack of
equipoise and if so, how will it affect the trial results?

Introduction

The design of clinical trials in oncology, in general, and in
the head and neck cancer, in particular, poses a number
of challenges to the trial statistician.

Evidence-based medicine (EBM) provides scientific
grounds for establishing new standards of care and
treatment guidelines. The most common definition of
EBM is taken from Dr David Sackett who was a pioneer
in EBM. EBM is ‘the conscientious, explicit and judicious
use of current best evidence in making decisions about
the care of an individual patient. It means integrating
individual clinical expertise with the best available
external clinical evidence from systematic research’ [1].
‘Statistics is central to evidence-based medicine’, said Sally
Morton, the president of the American Statistical Associa-
tion in 2009. Indeed, statistics provide a set of tools
to design clinical trials and interpret the study results.

In designing the trial, the mission of the trial statistician
is to make a proposal that will provide estimates of
treatment effect with minimal bias and maximal preci-
sion, while taking into account the characteristics of the
disease, therapy options, study objectives, feasibility of
the trial, and ethics, costs, and regulatory considerations.

The head and neck cancer trial statistician shares, with
other therapeutic areas, the same design issues when
planning a clinical trial: definition of the objectives;
specification of the patient population; randomization
and stratification; definition of endpoints and unbiased
collection of those; and computation of the sample size.

The purpose of this article is to review a number of
design issues the statistician struggles with, taking into
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account the specificity of the head and neck cancer
disease and the constantly evolving biological and
therapeutic knowledge. This article focuses essentially
on the design of phase III trials and discusses three major
topics: should the trial be designed for a broad or a
targeted population? Is there a concern for lack of
equipoise and if so, how will it affect the trial results?
What are the key elements to take into consideration
when choosing, defining, and measuring the primary
endpoint?

Broad population versus targeted population
Head and neck cancers are a heterogeneous group of
diseases. European Society for Medical Oncology clinical
recommendations for diagnosis, treatment, and follow-up
make a split between squamous cell carcinoma of the
head and neck (90% of the head and neck malignancies)
and nasopharyngeal cancers [2]. Although some naso-
pharyngeal cancers are biologically similar to the common
squamous cell carcinoma, ‘poorly differentiated’ naso-
pharyngeal carcinoma is distinct in its epidemiology,
biology, clinical behavior, and treatment, and is treated as
a separate disease by many experts (fzp:/len.wikipedia.org/
wiki/Head and neck_cancer). The US National Cancer
Institute’s gateway for information about the head and
neck cancer makes a further split by providing informa-
tion about the treatment separately for the following
subtypes: hypopharyngeal cancer, laryngeal cancer, lip and
oral cavity cancer, metastatic squamous neck cancer with
occult primary treatment, nasopharyngeal cancer, oro-
pharyngeal cancer, paranasal sinus and nasal cavity cancer,
and salivary gland cancer. These subtypes correspond
primarily to the site at which cancer arises (the primary
site) (hrp:/foww.cancer.gov/cancertopics/types/head-and-neck/).
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The design of a clinical trial proceeds, first, with the
specification of the goal of the trial and this is intrinsically
linked to the specification of the targeted population.
Eligibility criteria can be defined either narrowly or broadly,
depending on a priori considerations about homogeneity
of treatment effect across subtypes. Each of the two
options has different consequences in terms of homo-
geneity/heterogeneity of the sample population, accrual
rate and duration of the trial, and generalizability of the
study results [3]. In addition, when planning the sample
size and trial duration, we need to make assumptions about
the outcome in the control arm and the magnitude of the
treatment effect and these estimates are strongly depen-
dent on the population under study.

In one approach to designing cancer trials, the eligibility
criteria first comprises the specification of the tumor site(s)
and of the clinical stage, based on the universal TNM
classification system. This may be called the classical way.

With regard to the tumor sites, several sites may be
included, and in fact most often are, but this requires that
the magnitude of the treatment effect, usually expressed
in terms of hazard ratio for a phase III trial, is similar
across these sites. In addition, as there are differences in
survival prognosis across tumor sites [4], the randomiza-
tion of patients needs to be stratified by site to balance
treatment arms across sites. Moreover, prognostication
and planning of the trial will depend on the estimates of
the outcome in the control arm and these can be obtained
from earlier trials, provided the targeted sites are the
same and the ‘mix’ is the same.

Such a trial is designed for a specific clinical stage (early,
advanced, recurrent, or metastatic). TNM staging is
constantly evolving and the American Joint Committee on
Cancer (AJCC)/International Union Against Cancer system
is now in its seventh edition (fzp:/fwww.cancerstaging.orgl).
Staging is currently based on anatomical considerations
and improvements of diagnostic imaging and in particular
the increasing use of PET scans may lead to stage
migration in head and neck squamous cell carcinoma [5].
We need to take this evolution into account while using
historical data to design new trials.

Historically, the concept of resectability was of great
importance as surgery was the primary treatment option
for resectable cases. Radiotherapy was reserved for
unresectable cases or as a postoperative treatment.
Nowadays, radiotherapy in combination with or without
chemotherapy or targeted therapies is offered as an
option in resectable cases, as an attempt to spare the
severe morbidity caused by surgery. It is also remarkable
to see that the terms ‘resectable’ and ‘unresectable’ have
been replaced with ‘moderately advanced’ and ‘very
advanced’ in the seventh edition of the American Joint
Committee on Cancerstaging manual (4p://www.cancerstaging.
org/staging/changes2010.pdf). For a clinical trial designed to test
the effect of a therapeutic approach based on radiotherapy,
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chemotherapy, and/or targeted therapy, the choice between
designing a trial for unresectable patients only, or for both
resectable and unresectable poses specific issues. Although
restricting the trial to unresectable patients is inconvenient
in terms of accrual and generalizability of the study results,
the extension to resectable patients opens the door to the
use of salvage surgery thus inducing a potential bias in the
assessment of the treatment effect. Some investigators
advocate the inclusion of either resectable or unresectable
patients in the trial, but not both, to define the most
beneficial treatment option in each of the two settings [6].

In the future, patient selection criteria may be mainly by
gene mutation or marker based. Indeed, some investiga-
tors advocate the inclusion of biological characteristics
in the staging system to refine the prognostic value of
staging [7]. Whether these biological factors have an
added prognostic or predictive value beyond known
clinical prognostic factors needs to be carefully evaluated
[8]. Molecular studies in the past 10 years have shown
that human papillomavirus (HPV), a sexually transmitted
infection, is an etiologic factor for a subset of orophar-
yngeal cancer. These studies indicate that patients with
HPV mediated cancer have better prognosis and clinical
outcomes than those without, with the conclusion that
HPV positive disease is a ‘distinct disease entity’ that
needs a distinct therapeutic approach [8,9]. Current
investigations are now being done to further understand
the pathogenesis of the head and neck cancer and the
relevance of tumor markers such as the p53 tumor
suppressor gene, cyclin D1, Bel-xLL and Bcl-2, STAT1 and
STAT3, ERCC1, thymidylate synthase, GST-r, B-tublin-II,
and HER neu [10,11]. Advances in this research area will
open new classifications of the disease. From a study
design point of view, distinct disease calls for different
study objectives, as for example, it is now obvious that
a single study cannot include all oropharynx cancers
irrespective of the HPV status, the first reason being
a very large difference in prognosis. We also wonder
whether classification of patients based on gene mutation
or marker will not ultimately prevail over classifications
based on tumor sites, such as designing clinical trials on
patients selected according to their HPV status irrespec-
tive of the disease site.

Feasibility of the trial

Although randomized controlled trials are the gold
standard in terms of trial design, they are not a sufficient
condition for a rigorous evaluation of new therapeutic
interventions. ‘A key ethical precept is that a randomized
controlled trial should be done only if the physicians and
the patients are uncertain about the relative effects of the
new and standard treatments to be compared’ [12]. This
notion of equipoise was already discussed by Freedman,
back in the 1980s, stating that ‘equipoise is an ethically
necessary condition in all cases of clinical research’ [13].
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The incidence of head and neck cancer is relatively low
as compared with some other cancer types. The recent
update of GLOBOCAN (/zp:/globocan.iarc.fr/) shows that
head and neck cancer accounts for 5% of all cancers
worldwide in 2008 while lung cancer, breast cancer, and
colorectal cancer account for 13, 11, and 10% respectively.
Patient accrual is thus a challenge necessitating multi-
center and collaborative trials to recruit sufficient patients.
In addition, the head and neck cancer trials involve
clinicians from different specialties: medical oncologists,
radiation oncologists, surgeons, etc. Together, the accept-
ability and feasibility of a proposed trial is a challenge as
different preferences can be indicated by these different
groups. An Australian study aimed to measure equipoise
among surgeons and oncologists (mostly radiation oncolo-
gists, but also some medical oncologists) with regard to
six different hypothetical trials in head and neck cancer.
The study showed considerably preferential differences
between surgeons and oncologists [14], stating that the
same trial can be considered as not acceptable by some
specialties while well supported by others, and this has
an inevitable impact on the feasibility of the trial.

Blinding

‘Blinding or masking is intended to limit the occurrence
of conscious and unconscious bias in the conduct and
interpretation of a clinical trial’ (f#p:/fwww.ich.org/l.LOB/
media/ MEDIA485.pdf). In cancer clinical trials blinding is
rarely possible, especially when surgery or radiotherapy
are part of the treatment or because of the toxicity
related to one of the treatments. This means that the
risk of bias is higher in these trials and in particular the
risk benefit assessment is more open to subjective
interpretation.

Bias

Clinician or patient preference for one of the treatment
arms results in a barrier in terms of recruitment. Moreover
it results in selective enrollment of patients: the distribu-
tion of the enrolled patients differs from the target
population thus affecting the generalizability of the study
findings. Katz e# a/. advocate an assessment of the extent,
nature, and effect of selective enrollment, something that
is neither routinely done nor requested. We thus encourage
the collection of the reasons for noninclusion of patients in
the trial, although we recognize that such a collection will
also inevitably suffer from some bias.

If the selection of patients is made with respect to factors
associated with efficacy, trial results will be distorted and
lead to inaccurate conclusions [15]. Clinician or patient
preference may induce an unbalanced compliance to the
study protocol, making the interpretation of the study
data even more difficult.

As statisticians, and because of the open labeled nature of
the majority of cancer trials, we are strongly concerned
about these potential biases.

Risk benefit assessment

In terms of trial design, the principle of uncertainty is
to be ensured by appropriate choice of treatment arms
including the control intervention and documentation
of their benefits and risks in the study protocol. The
assessment of risk, and toxicity in particular, suffers from
a lack of accuracy. Indeed, variability between reporting
physicians and cultural differences induces heterogeneity
in the collection of toxicity data. Here as well, bias in the
assessment of toxicity between treatment arms may arise
because of the open labeled nature of cancer trials.
A minimal safeguard to ensure unbiased comparison is,
therefore, to stratify the randomization for investigational
site.

Of note, ‘equipoise must be maintained throughout the
trial duration and this requires an ongoing knowledge of
clinical research that may impact the trial meaning’ [16].
In some cases, evolving knowledge necessitates a rede-
sign, such as adding, deleting, or modifying a treatment
arm, during the course of the trial.

With the emergence of targeted treatments, which has
potentially fewer toxic effects, guaranteeing equipoise
represents a new challenge, as the a priori perceived
balance of benefits and risk may be in favor of targeted
therapy as compared with classical cytotoxic chemotherapy
[17,18]. Head-to-head trials comparing targeted therapies
may be necessary to reach clinical equipoise [19].

Choice of endpoint

The gold standard primary endpoint for phase III cancer
trials is overall survival as this represents the ultimate
goal in terms of benefit for the patient. It has the
advantage of being precisely measured but it usually
requires long and/or large studies compared with a trial
based on an earlier endpoint. Indeed when survival is
long, an adequately powered trial will either take long
to observe the required number of events or will require a
large number of patients. In addition, overall survival may
be affected by the relative effectiveness of subsequent
treatments, possibly including crossover between
treatment arms. Because of these drawbacks, alternative
time-to-event endpoints are often proposed as primary
endpoint and overall survival is kept as a secondary
endpoint. The choice of the primary endpoint will be
influenced by the type of treatment and the type of trial
[3], but there are usually several possible alternatives.

A review of 40 trials in advanced head and neck cancer
patients treated with radiation-based therapy showed
substantial heterogeneity in the selection and in the
definition of the time-to-event endpoints [20]. The
authors report that the most commonly used primary
endpoints are overall survival (35% of the trials) and
locoregional control (35% of the trials). However,
locoregional control can have different definitions de-
pending on which events are counted as failures. Some
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of the reviewed studies included distant metastasis,
salvage surgery, elective neck dissection, second cancer,
and/or death as an event. In addition to overall survival
and disease specific survival, the authors recommend the
use of locoregional control and progression-free survival
(PFS) in trials of radiation-based therapy for locally
advanced head and neck cancer, with a definition of these
endpoints similar to the ones used in the Radiation
Therapy Oncology Group 0522 trial. The definition of
locoregional control includes locoregional progression and
recurrence, death because of the malignancy, and some
cases of neck dissection and salvage surgery as failures;
the definition of PFS includes distant metastasis and
death because of any cause as failures.

To draw conclusions on treatment effect using endpoints
that can be measured more quickly than overall survival
and hence shorten trial duration and cost, two endpoints
were evaluated as potential surrogate endpoints for
overall survival to assess the treatment effect of
chemoradiotherapy in trials of locally advanced head
and neck squamous cell carcinoma: event-free survival
(defined as time from randomization to the first of
locoregional, distant recurrence, or death) and duration of
locoregional control [21]. The investigators show that
event-free survival could be used as a surrogate. It is to
be noted, however, that these results cannot be extended
to other types of treatment, such as targeted agents, as
the mode of action differs and therefore the correlation
between treatment effects on the surrogate endpoint and
overall survival may be different.

For adjuvant (postoperative) trials, endpoints such as
disease-free survival, disease-free intervals are usually
proposed.

For organ-preservation trials, a recent publication recom-
mends that the primary endpoint should combine the
assessment of survival and organ functions [22]. For
larynx preservation trials, the end point ‘laryngo-esopha-
geal dysfunction-free survival’ is defined when the
following events are counted as failures: death, local
relapse, total or partial laryngectomy, tracheotomy at 2
years or later, or feeding tube at 2 years or later.

In the recurrent and/or metastatic setting, where for most
patients the duration of survival will be short, overall
survival is the preferred primary endpoint [23]. But if the
goal of treatment is to relieve symptoms or side effects of
treatment, quality of life endpoints are also relevant.

A common issue across these different settings when
selecting the appropriate time-to-event endpoint is to
define which events are counted as failure, that is, which
events compose this (usually composite) endpoint. The
events that are not counted as failures will need to be
treated appropriately using right hand censoring or the
competing risk approach. For example, a patient lost to
follow-up or having reached the end of follow-up before
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having failed will be censored. A competing risk analysis
should ideally be carried out in the presence of events,
which are not a part of the composite time-to-endpoint
but are related to it to some extent. One example is a trial
for which the event of interest is a local failure; distant
metastases and secondary cancers diagnosed before
locoregional relapse and death in the absence of locor-
egional progression are not considered failures for this
endpoint, but are considered to be competing risks in the
analysis of this endpoint. This method has been used for
the analysis of secondary endpoints in some head and neck
cancer trials, such as one trial in the postoperative setting
where death from other causes was considered as a
competing risk in the analysis of local or regional relapse,
distant metastasis and secondary primary tumors [24].

It is also important to evaluate whether these events can
be potentially observed in each of the arms evaluated in
the trial. An example that was already mentioned above is
when salvage surgery is more likely to be proposed in one
of the treatment arms. The choice whether salvage
surgery is counted as a failure in the definition of the
primary endpoint or ignored will have an impact on the
estimated time-to-event in this arm with a potentially
subsequent bias in one or the other direction when
comparing the treatment arms. Censoring at the time
of salvage surgery is not an option as this gives rise to
informative censoring. Actually (and alarmingly) there is
no best solution. This example shows the difficulties the
trial statistician faces when trying to reconcile best
clinical practice and unbiased assessment of treatment
effect.

Another issue is the impact of assessment schedule
on the estimated time-to-progression. Disease progres-
sion (whether local, regional, or distant) is usually
assessed through radiological evaluations made at proto-
col specified intervals of time. The estimated time-to-
disease progression is therefore influenced by the length
of these intervals. It is crucial that the scheduled
intervals are the same between the treatment arms to
not induce a bias in the treatment effect. However, this
obvious statement may be difficult to be put into practice,
especially when treatments evaluated are of different
duration, or when one arm consists of a sequential
treatment and the other arm consists of concomitant
treatment (e.g. if we wish to compare induction computed
tomography followed by radiation therapy with concomi-
tant chemoradiation). The estimates of the treatment
effect will be biased if the length of intervals differs
significantly between the arms. Moreover, the comparison
of treatment effects across trials is misled if the length of
intervals differ significantly from trial to trial [25,26].

In the field of head and neck cancer, where several
treatment options are possible (chemotherapy, biother-
apy, radiotherapy, surgery), and where these are being
combined in different ways (concomitant, sequential)
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with different possible doses or schedules, only if one
factor is changed between treatment arms we can
attribute the observed treatment difference in the
endpoint to this factor. However, often, treatment arms
within the same trial differ by several factors, and it is
thus not possible to learn from the trial which factor or
which combination of factors have influenced the
difference in outcome and this is regrettable from
a methodological perspective.

Conclusion

In recent years, the field of head and neck cancer has
been facing some exciting evolutions, such as the arrival
of new targeted therapies and findings of disease causality
and prognosis. These evolutions are accompanied by
challenges in trial methodology that continue today, and
will most likely grow in importance in the future.

Novel drugs are incorporated into already complex
treatment strategies (involving sequences of multimod-
ality treatments that condition on outcomes of the
preceding treatment), making the study endpoints
difficult to evaluate without bias. Trials comparing such
strategies have evaluation schemes that are (differently)
affected by the timing of radiotherapy and surgery,
making an unbiased assessment and comparison of PFS
and similar endpoints difficult. In situations where this
assessment meets too many problematic scenarios, PFS
may not be a feasible primary endpoint.

In addition, the temptation to examine several investiga-
tional questions within a limited number of randomized
arms leads to trials where causality is difficult to evaluate
at the end of the trial. If more than one factor is changed
between treatment arms (e.g. where complex combined
treatment approaches are fine-tuned), it becomes diffi-
cult to interpret the true cause of observed effects.
Simple trials provide stronger proof.

At the same time, it is essential to obtain unbiased
evaluation of the feasibility and toxicity of such regimens,
to enable correct benefit-risk assessment of novel
approaches. This is especially challenging in the habitual
open-labeled setting of oncology trials. Those involved in
the design of clinical trials need to be aware that although
the area of efficacy comparison is well developed and
great efforts go into the consistent collection of efficacy
data, there can be serious heterogeneity in safety
collection among trials, investigational sites, cultures,
and investigational drugs (open label trials). Methodolo-
gical steps such as stratified randomization can provide a
partial answer to such concerns. Still, reporting of adverse
effects that is more homogeneous and extended in time
remains a goal for oncology clinical trials, including the
head and neck cancer.

Efforts on translational research are essential in modern
oncology research. As in other cancer types, the additional

science obtained may divide what once looked like a
relatively homogeneous disease area. It will be essential
to define the new core areas of research into the disease,
because every clinical trial necessarily and unavoidably
pools together a large number of individual cases. Therein
lies the challenge of combining trial feasibility (numbers)
and scientific validity (homogeneity) to produce a
valuable clinical trial. Defining these new core areas
may imply that, with appropriate stratification, some
of the classical separation lines are reconsidered.
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