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Summary

Researchers planning clinical trials
should identify the primary trial out-
come and adequately power the trial to
detect clinically meaningful differences
in this outcome. All primary and second-
ary outcomes and their measurement
should be comprehensively described,
and their results reported. There is evi-
dence that trials on the same subject use
different outcomes or measure the same
outcome in different ways, making it dif-
ficult to compare intervention effective-
ness across clinical trials. Consensus
development of core outcome sets could
improve consistency in outcome mea-
sures used across trials and aid in de-
velopment of an evidence-based body of
literature on intervention effectiveness
in swine populations.
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Resumen - Maximizando el valor y
minimizando el desperdicio en prue-
bas clinicas en cerdos: Seleccion de
resultados para construir una base de
evidencia

Los investigadores que planifican prue-
bas clinicas deben identificar el resul-
tado principal de la prueba y potenciar
adecuadamente la prueba para detectar
diferencias clinicamente significativas
en este resultado. Todos los resultados
primarios y secundarios y su medicién
deben describirse exhaustivamente y
sus resultados deben ser informados.
Existe evidencia de que las pruebas
sobre el mismo tema usan diferentes
resultados o miden el mismo resultado
de diferentes maneras, lo que dificulta
comparar la efectividad de la interven-
cién entre las pruebas clinicas. El desar-
rollo de un consenso de los resultados
centrales podria mejorar la consistencia
en las medidas del resultado utilizadas
en las pruebas, y ayudar al desarrollo de
una compilacién de literatura basado en
evidencia sobre la efectividad de la in-
tervencion en poblaciones porcinas.

Résumé - Maximiser la valeur et mi-
nimiser le gaspillage dans les essais
cliniques chez le porc: Sélectionner les
résultats pour constituer une base de
données probantes

Les chercheurs qui planifient des es-
sais cliniques doivent identifier le ré-
sultat principal de l'essai et alimenter
suffisamment l'essai pour détecter des
différences cliniquement significatives
dans ce résultat. Tous les résultats pri-
maires et secondaires et leur mesure
doivent étre décrits de maniére exhaus-
tive et leurs résultats communiqués. I1
existe des preuves que les essais sur le
méme sujet utilisent des résultats dif-
férents ou mesurent le méme résultat
de différentes maniéres, ce qui rend dif-
ficile la comparaison de l'efficacité des
interventions entre les essais cliniques.
Lélaboration d’'un consensus sur les
principaux ensembles de résultats pour-
rait améliorer la cohérence des mesures
de résultats utilisées dans les essais et
aider a '’élaboration d’'un ensemble de
documents fondés sur des données pro-
bantes sur l'efficacité des interventions
dans les populations porcines.

he recent emphasis on evidence-
I based decision-making has led to
a growth in literature on the de-
sign of clinical trials.! In this article, we
use “clinical trials” as synonymous with
“controlled trials” and define clinical tri-
als as an experimental study intended
to evaluate products or procedures in
swine outside of a laboratory setting

(ie, in a realistic-use setting).? When ran-
dom allocation to an intervention group
is applied in a clinical trial, the design is
referred to as a randomized controlled
trial. For clarity, we will use the term
“clinical trial” throughout this article.

Clinical trials represent the primary
research design with the highest evi-
dentiary value when it is ethical and

feasible to allocate animals to treatment
groups.? Selecting appropriate outcomes
is fundamental to clinical trial design
because the difference in outcomes be-
tween intervention groups is inferred to
be the result of the intervention.*

The word “outcome” encompasses dif-
ferent constructs. To clarify, we use the
following vocabulary to describe the
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various components of an “outcome”
with illustrative examples provided in
Figure 1. The first level of outcome is the
outcome domain; in swine research, rel-
evant outcome domains include health,
productivity, and animal welfare.
Within an outcome domain there can

be one or more conceptual outcomes.
For instance, the domain of productivity
would include conceptual outcomes such
as growth performance or reproductive
performance. Next, within a concep-
tual outcome, one or more operational
outcomes may be relevant. Operational
outcomes are something that can be
measured. For the conceptual outcome
of growth performance, operational
outcomes may include feed:gain ratio or
average daily gain. Finally, there is the
outcome measure, which includes case
definition, measurement tool, and time-
at-risk. A conceptual outcome such as
average daily gain could be measured in
different ways. For example, the outcome
measure for average daily gain may in-
volve weighing a pen at the start and end
of production or by calculating weight
gains at the end of a production phase for
surviving pigs. Decisions about trial out-
comes require specification of each com-
ponent of an outcome. These decisions
then need to be conveyed to the reader.

Considerable attention has been paid

to potential sources of bias in clinical
trials; however, the choice of outcome
measures has received less attention.!
This article will overview considerations
when selecting outcomes and outcome
measures for use in clinical trials, the
importance of identifying the primary
outcome, and the need for consistency in
selecting outcomes across trials.

Considerations when
selecting and reporting
clinical trial outcomes

Once the researcher has determined the
outcome domain and the conceptual out-
come, operational outcomes need to be
specified. The operational outcomes that
are selected should be an expected ben-
efit or harm of the intervention if that
intervention is effective. The researcher
must ask what they expect the interven-
tion to do that is meaningful to those
who might use the intervention.!

Relevant operational outcomes will dif-
fer as the intervention development re-
search moves from proof-of-concept or
safety trials to clinical trials evaluating
efficacy in realistic-use settings.® Thus,
as an example, in the early stages of vac-
cine development, the ability to produce
antibodies to the target protein might be
the most relevant operational outcome
for a company considering whether to
take the next step in product develop-
ment by investing in a large-scale clini-
cal trial. However, in clinical trials on
the efficacy of that vaccine, the primary
outcome measure should be of clinical
relevance to the end-user of the vaccine.
Therefore, in a clinical trial, outcome
domains like health, production, and
welfare should be operationalized with
clinically relevant outcomes such as a
mortality, morbidity, growth perfor-
mance, or animal comfort.

Once an operational outcome is selected,
the researcher must determine the as-
sociated outcome measure. There are a
number of types of outcome measures

that can be used. Clinical outcomes are
outcomes that reflect how an animal
feels, functions, or survives.® Examples
of clinical outcomes include measures
of morbidity (disease occurrence) and
mortality and outcome measures re-
lated to welfare. Outcomes also may be
surrogates for a clinical outcome (eg,
rectal temperature as a surrogate for
morbidity) or may be biomarkers (bio-
logical measurements) used to predict

a clinical outcome such as acute phase
proteins as a biomarker for risk of mor-
bidity. Composite endpoints represent a
combination of correlated variables.%’
An example of a composite endpoint

in swine could be the incidence of any
clinical sign of disease (eg, at least one
of diarrhea, lameness, weight loss, or
coughing). Although composite end-
points may increase statistical power for
rare outcomes, their use is not without
issues. Interested readers are directed to
other articles if composite outcomes are
used.®®

Determining the outcome measure per-
tains not only to what is measured and
how it is measured, but also to the time
at which it is measured. For instance,

an operational outcome such as aver-
age daily gain could be measured over a
specific period (eg, the 15 days following
intervention administration), over a spe-
cific production period (eg, during the
nursery phase), or over the entire period
from weaning to market. In contrast,
some outcome measures may logically
only pertain to a single time or specific
event; an example would be pigs born
alive per litter, which is measured ata
single time.

Figure 1: Flow chart of outcomes from domains to measures, with examples for swine research.
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As an example of how the process of se-
lecting an outcome might work, consider
aresearcher planning a trial of an inter-
vention intended to reduce respiratory
disease in finishing pigs. The trial could
be designed to evaluate health as an out-
come domain, occurrence of pneumonia
as the conceptual outcome, lung lesions
as an operational outcome representing
a surrogate measure of pneumonia, and
a specific scoring system of lung pathol-
ogy at slaughter as the outcome mea-
sure. The trial could be designed to eval-
uate production as an outcome domain,
growth performance as the conceptual
outcome, average daily gain as an opera-
tional outcome, and average daily gain
for 30 days post intervention as the out-
come measure.

It is important to consider whether the
selected outcome measure (including
what, how, and when it is measured)

is sensitive to the nature and degree of
change expected from the intervention.!
For instance, consider an intervention
is applied to nursery swine where the
outcome is measured as average daily
gain at slaughter. It is possible that the
intervention was successful at reduc-
ing production losses in the short term,
but that the outcome at slaughter was
not sensitive to the intervention due to
compensatory growth. As another ex-
ample, suppose that a researcher evalu-
ated trembling as a welfare outcome.
This outcome could be measured on a
dichotomous scale (presence or absence
during a defined period) or on a continu-
ous scale (number of episodes of trem-
bling during a defined period). An inter-
vention might reduce the frequency of
trembling, but not whether it occurred.
Therefore, the researcher will need to
decide whether the presence or absence
of trembling is sensitive to the interven-
tion or whether the outcome of number
of episodes of trembling would be more
appropriate.

The number of outcomes to include in a
trial also should be considered. It is com-
mon for trials to include multiple out-
come domains (eg, health and welfare),
and a single trial may include multiple
conceptual and operational outcomes
within each domain. Additionally, an
operational outcome may be measured
in multiple ways (eg, presence or ab-
sence of coughing, respiratory illness
requiring treatment, or cough index). In
studies on reporting of clinical trials for
health and production and for on-farm
food safety in livestock, 182 of 200 trials
had multiple outcomes.>!° In the study

on food safety trials, ° the mean number
of outcomes per trial was 8.5 (range: 1-51)
and in the study on livestock health and
production trials,! the mean number of
outcomes per trial was 9.5 (range: 1-41).

The outcomes selected should be those
necessary for decision-making. Too
many outcomes may lead to a lack of
focus or difficulties in interpreting trial
results, for instance when different out-
come measures for the same conceptual
outcome have different results or inter-
pretation.® Additionally, as the number
of outcome measures increases, so too
does the probability of a type I error

(a false positive finding).%! If the au-
thors are using null hypothesis signifi-
cance testing with a type I error rate of
5% for each test, when there is no as-
sociation, we would expect one type I
error within each 20 independent tests.
To illustrate the potential magnitude of
this issue of multiplicity, the probability
of at least one type I error in a population
where the null is true, if testing for each
outcome is at P=.05 and the outcomes
are independent, can be calculated as
(1-[1-0.05]%), where k = the number of
outcome measures. Therefore, using the
minimum (1), mean (9.5), and maximum
(41) number of outcomes from the 100
trials evaluated in the study on reporting
of livestock health trials,!® and assum-
ing an alpha of 0.05 for hypothesis test-
ing, then the probability of at least one
false positive result would be 5%, 38.6%,
and 87.8%, respectively. Therefore, it is
important to restrict the outcomes (and
outcome measures) to those that are ap-
propriate to the stage of the interven-
tion development and evaluation and,

in the case of clinical trials in the real-
world, to those that are necessary for
decision-making.

Further, when multiple outcomes are
measured, causation should be used in
interpreting the value of each additional
outcome to the end-user, especially
when the outcome measures are within
the same operational outcome. For ex-
ample, a randomly occurring type I er-
ror that impacts average daily gain will
also randomly impact feed:gain ratio
and feed conversion, as they are likely
measuring much the same outcome. If
two variables are highly correlated, not
a lot of additional information is gained
by including both. Therefore, evidence
of an impact in multiple outcomes
should not necessarily be interpreted

as building a stronger evidence base. A
stronger evidence base would exist if the
impact of the intervention is observed

in multiple domains, ie, incidence of tail
biting (welfare) and average daily gain
(production). Therefore, when using
multiple outcomes, these should be in
different domains as much as feasible.!2

The outcome measures must be compre-
hensively described or else the results
of the trial cannot be interpreted. In

an assessment of reporting in trials in
livestock species, the measurement of
all outcomes was described in 79% of
trials, meaning that information with
respect to all outcomes was not provided
in approximately one-fifth of trials.!
Guidance is available for the detail rec-
ommended when reporting outcomes,
outcome measures, and results of a clini-
cal trial.!31* There is a responsibility not
only for authors to improve reporting of
outcomes, but also for peer reviewers
and journal editors to ensure that re-
porting is comprehensive.

It also is important that the results are
reported for all outcome measures that
were included in the trial, otherwise
there is potential for selective outcome
reporting.!® There is evidence from hu-
man trials that outcomes associated with
statistically significant results are more
likely to be reported than those that are
not significant.!® Because it is uncom-
mon to publish protocols for swine clini-
cal trials, it is not possible to determine
the extent to which this is an issue in
swine research. However, if outcomes
associated with statistically significant
results are more likely to be presented in
a manuscript (or, conversely, if outcomes
associated with nonsignificant findings
are excluded), it will lead to an exaggera-
tion of intervention effectiveness and
the probability of a type I error cannot
be assessed. It may also mean that inter-
ventions that are not effective will con-
tinue to be researched.

Importance of defining
the primary outcome

Regardless the number of outcomes, it
is important that a primary outcome is
identified. The primary outcome should
be the outcome of most relevance to
decision-making by the target audience,
and is the outcome used to calculate the
sample size required to ensure adequate
power.” There may be situations where
more than one outcome is considered of
extremely high relevance. For instance,
aresearcher may be equally interest-

ed in a health outcome and a welfare
outcome. In this instance, research-

ers should declare both outcomes as

Journal of Swine Health and Production — Volume 31, Number 1

31



primary and conduct sample size calcu-
lations for both, using the higher calcu-
lated sample size in the trial.1*

Primary outcomes are not consistently
identified in many veterinary trials; for
trials published in veterinary journals
in 2013, the primary outcome was identi-
fied in 19.3% of trials, compared to 98.3%
of trials published in human medical
journals.!® In swine trials, this propor-
tion has improved since the publication
of the REFLECT reporting guidelines.!
Prior to publication of REFLECT, the pri-
mary outcome was identified in 14% of
vaccination trials in swine compared to
42% after 2010.1° Although this improve-
ment is encouraging, these results still
suggest that the primary outcome is not
identified in over half of the vaccine tri-
als conducted in swine populations.

If there is no sample size calculation, or
if there are secondary outcomes that are
underpowered, then meaningful differ-
ences may not be detected as statistically
significant at P =.05; the (arbitrary) cut-
point often used in clinical trials. This
may result in meaningful differences
being presented as “no difference be-
tween groups.” To illustrate this concept,
the minimum detectable risk ratio (RR)
was calculated using data on mortal-

ity collected from 56 trials included in

a systematic review and network meta-
analysis on the comparative efficacy of
swine bacterial respiratory vaccines.20

When calculating a sample size for a bi-
nary outcome, the researcher needs to
define the proportion with the event in
the baseline intervention group, the dif-
ference in the outcome that is clinically
meaningful, and the desired confidence
and power. In this example, we used
data from completed trials to determine
the smallest difference between treat-
ment groups (expressed as a risk ratio)
that could have been detected as statis-
tically significant, given the baseline
prevalence and the sample size used.
The minimum detectable RR was calcu-
lated for each trial using the proportion
of swine with the mortality outcome in
the placebo group, the total sample size,
power of 0.8, and confidence of 0.95 us-
ing epi.sscompb program in EpiR. The
sample size corresponded to the indi-
vidual animal level, and thus did not
account for nonindependence of swine
within pens. Figure 2 shows the distri-
bution of minimum detectable RR, with
the vertical dashed line representing the
median of the minimum detectable RR
of 2.0. The median proportion of swine
mortality in the baseline intervention
group was 0.06 (ie, 6%). A minimum
detectable RR of 2.0 means that the pro-
portion of pigs dying in the intervention
group would need to be approximately
double (or ¥ for a preventive outcome)
before detecting the RR as statistically
significant. This may be a larger dif-
ference than what would be clinically

meaningful. Therefore, by designating

a primary outcome and powering the
study to detect clinically meaningful dif-
ferences in this outcome, the researcher
can ensure adequate power. The exam-
ple illustrates that many current studies
can only identify a relatively large differ-
ence as statistically significant.

Inconsistency of outcomes

across trials

It is necessary to replicate the results
across multiple trials to inform evi-
dence-based decision-making because
the results of a single trial are based on a
sample from the source population and
thus are subject to sampling error. Sam-
pling error, also referred to as chance,
occurs when the parameter of interest
(eg, amean or a proportion) is different
between the source population and the
study population. Combining the results
of multiple trials, as is performed statis-
tically with meta-analysis, increases pre-
cision of the estimate of effect sizel® and
increases confidence that the results are
not a reflection of sampling error.?! How-
ever, trials evaluating the same interven-
tion often do not use the same outcomes
or outcome measures, precluding the
ability to build a body of evidence across
trials. Outcomes across trials may rep-
resent different outcome domains (eg,
one trial measuring a welfare outcome
and another measuring a production

Figure 2: Distribution of minimum detectable risk ratios for trials included in a systematic review and network meta-
analysis on the comparative efficacy of swine bacterial respiratory vaccines.?? Dotted vertical line represents the median
value for the minimum detectable risk ratio.
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outcome), may represent the same con-
ceptual outcome but with different op-
erational outcomes (eg, one trial may
measure pain using postural changes
and another trial may measure pain us-
ing activity levels), or may represent the
same operational outcome but with a
different outcome measure (eg, average
daily gain during the first 2 weeks post
weaning in one trial and across the en-
tire growing period in another).

To illustrate, we used data from 61 lung
lesion outcome measures reported in 58
trials evaluating nonspecific lung lesions
at slaughter from a systematic review of
the efficacy of bacterial respiratory vac-
cines (Table 1).20 Not only were different
outcome measures used across the tri-
als, but key features of the measurement
of the specific outcomes often were not
provided. For example, the outcome
“general appearance” often did not in-
clude a comprehensive description of
the criteria for determining whether the
general appearance corresponded to a
positive or negative result. This limits
the ability to combine results across tri-
als and thereby build a body of evidence.
The example provided represents only
one type of intervention (vaccination

against bacterial pathogens) and one op-
erational outcome (lung lesions). How-
ever, the example serves to highlight the
inadequate reporting and inconsistency
in outcome measures across trials, and
the resulting challenges in synthesizing
research results.

To reduce inconsistencies in outcomes
across trials, individual researchers
should be familiar with the literature
in their area and select operational out-
comes and outcome measures that have
been used in previous trials. Ideally,
outcome measures should be validated
or agreed upon by consensus of ex-
perts in the area; otherwise, outcomes
with poor reliability or validity might
be selected based on use in a previous
trial. At the industry level, a possible
solution to inconsistency and selective
reporting of outcome measures is the
creation of core outcome sets for spe-
cific topic areas within swine research.
Core outcome sets represent an agreed
minimum set of outcomes and outcome
measures that should be reported in all
trials that are conducted on a specific
disease or condition.»?° Although the
core outcomes should be included in all
trials, researchers may include other

primary or secondary outcomes that
are of interest in their specific trial.»30
Core outcome sets also may need to be
updated as technologies and diagnos-
tic tests are developed and validated.
Guidelines are available for developing
core outcome sets in the COMET initia-
tive handbook.* The COMET initiative
was launched in 2010 with a key objec-
tive of encouraging the development
and updating of core outcome sets.* The
COMET initiative was developed for hu-
man health outcomes, and the relevant
outcome domains may differ for swine.
Nonetheless, the process for develop-
ing core outcome sets would be relevant
for swine applications. The process of
developing a core outcome set involves
a decision as to the topic (eg, a disease,
a domain such as welfare, a conceptual
outcome such as pain, or a type of in-
tervention and a disease), evaluation of
the existing literature on trials to deter-
mine what outcome domains, concep-
tual outcomes, operational outcomes,
and outcome measures have previously
been used, and a consensus process to
determine which of these to include in
the core outcome set.3! The creation
of core outcome sets should include the

Table 1: Lung lesion outcome measures reported in 58 trials evaluating nonspecific lung lesions at slaughter from a
systematic review of the efficacy of bacterial respiratory vaccines2°

Range of scores # trials # trials

Lung lesion scoring system for scoring system (dichotomous outcome)  (continuous outcome)
Christensen et al,22 1999 1
Madec and Kobisch,23 1982 0-28 2

Madec and Kobisch,23 1982 0-24 1

Madec and Kobisch,?3 1982 Not reported 1 1
Goodwin et al,2* 1969 Not reported 1

Goodwin and Whittlestone,2° 1973 0-55 1 10
Goodwin and Whittlestone,25 1973 Not reported 1 1
Piffer and Brito,26 1991 Not reported 1

Hannan et al,2” 1982 0 -55 1

Percentage of
Morrison et al,28 1985 pneumonia in different 1 1
lung lobes

None reported 0-14 2

None reported 0-28 1 1
None reported 0-35 1
None reported Not reported 1 3
General appearance 28
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input of relevant stakeholders.*?° For
instance, individuals from academia, in-
dustry, and other relevant stakeholders
might decide to identify a core outcome
set for trials evaluating interventions to
prevent respiratory disease in swine or a
core outcome set for trials related to im-
proving swine welfare. Creating the core
outcome sets would involve identifying
relevant domains, then relevant concep-
tual outcome within domains, followed
by specific operational outcomes within
each conceptual outcome and finally
the outcome measure for each concep-
tual outcome, including case definition,
measurement tool, and period at risk.
Defining the core outcomes also may
involve defining normal or abnormal
cut points for outcomes measured on a
continuous scale for which a qualitative
label is desired. This may be more chal-
lenging for welfare or other domains
that are more recently included in trials
where there has not been a long history
of using, validating, and interpreting
relevant outcome measures. The selec-
tion of core outcomes would need to take
into consideration the validity of the out-
comes in measuring the construct that
they are intended to measure. The cost
associated with collecting the outcome
data also may be a consideration. The
COMET initiative handbook for devel-
opment of core outcome sets* does not
provide specific input on the number

of outcomes that should be included in

a core outcome set; however, the num-
ber will need to be a balance between
feasibility, probability of type I error,
and information required for clinical
decision-making.

Core outcome sets increasingly are be-
ing developed for use in human trials;

as of 2018, there were 410 core outcome
sets for a wide range of human trial topic
areas including cancer, urology, and
child health.?? Veterinary medicine has
been slower to adopt core outcome sets;
to date, there is a core outcome set pub-
lished for trials in feline chronic kidney
disease®? and one for therapeutic trials
for canine atopic dermatitis.3* The devel-
opment of core outcome sets is an area
in which the swine industry could pro-
vide leadership. In swine research, core
outcome sets could include outcomes
from domains such as health, produc-
tion, and welfare. Stakeholders could
include swine producers and veterinar-
ians, industry groups, researchers, and
research funders. Although consensus
can be challenging, there is precedent in
swine research; naming of the disease

periweaning failure to thrive syndrome
was reached by consensus,® as were
standardized systems for classifying herd
level status for porcine reproductive and
respiratory syndrome3® and for Myco-
plasma hyopneumoniae in breeding
herds.?” Recently, a consortium of re-
searchers, industry, veterinarians, and
regulatory agencies developed a meth-
odology to measure pain associated with
surgical castration in piglets.38

These prior initiatives suggest that the
swine industry could be successful in
coming to consensus on core outcome
sets. Creating core outcome sets will aid
individual researchers in identifying
outcomes and outcome measures to use
in their trial and will facilitate synthesis
of results from multiple trials. This will
allow a body of evidence to be developed
to determine the effectiveness of specific
interventions for a disease or condition,
to identify when further trials will not
increase our knowledge of the effective-
ness of an intervention, and to deter-
mine the relative efficacy of multiple in-
tervention options for the same disease
or conditions. This will maximize the
utility of research trials conducted in
swine populations.

Implications

® Primary and secondary outcomes
should be defined and clearly
reported.

* Primary outcomes determine sam-
ple size; many swine trials
are underpowered.

® Core outcome sets can improve con-
sistency in outcome measures used
across trials.
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