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Abstract
Context. The difference in patient-reported outcomes between study arms can often be difficult to ascertain in

randomized controlled trials (RCTs) using a parallel design because of wide interindividual variations in baseline

characteristics and how patients interpret the outcome measures. Furthermore, the minimal clinically significant difference is

often not available for many outcomes, and even when available, not individualized for each patient. Crossover RCTs are

designed for intraindividual comparisons, which can address these issues by asking patients to directly compare the

interventions with regard to effectiveness, adverse effects, and ease of use and to provide an overall choice.

Objectives. We discuss the key design elements for crossover trials, their advantages and disadvantages relative to parallel

designs, and their utility in palliative care research using a number of case examples.

Methods. This is a narrative review.

Results. Crossover studies randomize patients to a sequence of treatments. In addition to facilitating intraindividual

comparisons, they often require a smaller sample size for the same statistical power compared with parallel designs and are

thus less costly. However, crossover studies are only feasible when the condition being studied is relatively stable and the

intervention has a short-term effect. Crossover studies with inadequate washout periods may be difficult to interpret. The risk

of attrition also may increase because of prolonged study duration.

Conclusion. By facilitating intraindividual comparisons and eliciting patient preferences, crossover studies can provide

unique information on the superior intervention. Crossover designs should be considered for selected palliative care

studies. J Pain Symptom Manage 2015;49:625e631. � 2015 American Academy of Hospice and Palliative Medicine. Published by

Elsevier Inc. All rights reserved.
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Introduction
In the era of evidence-based medicine, randomized

controlled trials (RCTs) are considered the gold stan-
dard to inform clinical practice because they help to
minimize selection bias and ascertainment bias. A
large majority of RCTs in supportive/palliative care
are parallel in design, in which patients are random-
ized to receive one of the study interventions (e.g.,
active intervention(s) or control).1,2 The primary
and/or secondary outcome measures of many sup-
portive/palliative care trials involve patient-reported
outcomes (PROs), such as pain, fatigue, quality of

life, satisfaction, and preferences. With regard to
ascertainment of outcomes for RCTs, there are three
important questions:

1. Are there any statistically significant benefits and
risks associated with the active intervention?

2. If yes, is the magnitude of the benefits and risks
clinically meaningful?

3. What is the overall patient preference, taking
into account both the risks and benefits? This in-
formation is particularly useful if the choice is
made in a blinded fashion.
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Parallel RCTs, when adequately powered, are gener-
ally well equipped to answer Question 1; however,
Questions 2 and 3 may not be addressed. To illustrate
this, we use an example of a parallel RCT examining
an intervention for dyspnea (Fig. 1a). The average in-
tensity of dyspnea over the past 24 hours was assessed
using a numeric rating scale (NRS) from 0 to 10,
where 0 ¼ no dyspnea and 10 ¼ worst possible dys-
pnea. Patients randomized to an active intervention
experienced an improvement of three points (from
7 at baseline to 4). Patients randomized to the control
intervention also reported an improvement of two
points (from 7 at baseline to 5). Thus, the active inter-
vention was associated with an improvement in dys-
pnea by one of 10. Assuming that this difference is
statistically significant (Question 1) because the study
was adequately powered, we would then need to know
if a change of one point on the NRS is clinically mean-
ingful (Question 2).

Whether this difference was clinically meaningful
would depend on the minimal clinically significant dif-
ference (MCID). MCID is defined as ‘‘the smallest dif-
ference in score in the domain of interest which
patients perceive as beneficial and which would
mandate, in the absence of troublesome side effects
and excessive cost, a change in the patient’s manage-
ment’’.3 MCID is determined by either the anchor-
based approach or the distribution-based approach.4,5

The anchor-based approach is generally preferred and
involves either asking a cohort of patients after an
intervention whether their outcome of interest has
changed or using an external criterion such as the fre-
quency of rescue medication used in the case of break-
through pain.5e7 Unfortunately, the MCID is not

available for many questionnaires, making it difficult
for us to know if an observed change is clinically rele-
vant. MCID may not always be applicable even if avail-
able because the study population and intervention
often differ between the study of interest and the study
in which MCID was derived. Finally, because the MCID
cannot take into account individual preferences, Ren-
nard8 argues that it may be more appropriate for
research instead of clinical practice.
The third measure of the effect of an intervention is

overall preference. Overall preference is a pragmatic
outcome because it represents a final choice, taking
into account all the risks and benefits experienced
by the individual, along with their relative weights.
In this parallel RCT, the patients’ overall preference
(Question 3) could not be determined because pa-
tients did not have the opportunity to try both
interventions.
Crossover RCTs randomize patients to a sequence

of treatments and allow investigators to overcome
many of the methodological limitations of parallel
RCTs to ascertain treatment differences and prefer-
ences. Crossover trials are designed for intraindivid-
ual comparisons, and participants are asked to
directly compare the interventions with regard to
effectiveness, adverse effects, and ease of use and to
provide a final overall choice. Crossover trials can
thus provide valuable information about which inter-
vention is superior beyond what can be achieved in
parallel studies.9 In this article, we discuss the key
design elements for crossover trials, their advantages
and disadvantages relative to parallel designs, and
their utility in palliative care research, using a number
of examples.

Fig. 1. Randomized controlled trial design. a) Parallel trial and b) crossover trial.
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