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Abstract

Aims Cultural differences and/or poor linguistic valida-
tion of patient-reported outcome (PRO) instruments may
result in differences in the assessment of the targeted
concept across languages. In the context of multinational
clinical trials, these measurement differences may add
noise and potentially measurement bias to treatment effect
estimation. Our objective was to explore the potential
effect on treatment effect estimation of the “contamina-

tion” of a cultural subgroup by a flawed PRO
measurement.
Methods We ran a simulation exercise in which the dis-

tribution of the score in the overall sample was considered
a mixture of two normal distributions: a standard normal
distribution was assumed in a “main” subgroup and a
normal distribution which differed either in mean (bias) or
in variance (noise) in a ‘“contaminated” subgroup (the
subgroup with potential flaws in the PRO measurement).
The observed power was compared to the expected power
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(i.e., the power that would have been observed if the sub-
group had not been contaminated).

Results Even if differences between the expected and
observed power were small, some substantial differences
were obtained (up to a 0.375 point drop in power). No situ-
ation was systematically protected against loss of power.
Conclusion The impact of poor PRO measurement in a
cultural subgroup may induce a notable drop in the study
power and consequently reduce the chance of showing an
actual treatment effect. These results illustrate the impor-
tance of the efforts to optimize conceptual and linguistic
equivalence of PRO measures when pooling data in inter-
national clinical trials.

Keywords Pooling of data - Cross-cultural research -
Simulations - Questionnaires

Introduction

The analysis of PRO endpoints in multinational clinical trials
is commonly performed on data pooled across different
countries. This approach assumes that the PRO endpoints are
measured in an equivalent way across all countries. In par-
ticular, this assumption implies that every language version
of the instrument used is leading to equivalent measures of
the concept. However, this assumption might not hold: lack
of conceptual equivalence as well as poor translations of
PRO instruments may result in differences in the assessment
of the targeted concept across languages. These measure-
ment differences may add measurement bias to the estima-
tion of treatment effects, which is generally based on the
comparison of PRO score mean change from baseline to a
given follow-up time point, thus reducing assay sensitivity of
multinational clinical trials.
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Although the question of cross-cultural equivalence of
PRO instruments has already been widely studied from a
theoretical perspective [1-6] and a number of empirical
analyses have been performed to compare how valid were
PRO instruments cross-culturally [7-12], no clear state-
ment exists on when cross-cultural differences could be
problematic for the pooling of PRO data in multinational
clinical trials.

Our objective was to explore, using a simulation exer-
cise, the potential effect on treatment effect estimation of a
contaminated cultural subgroup due a flawed PRO
measurement.

Methods

The simulation exercise assumed that the distribution of the
PRO score in the overall sample was a mixture of two
normal distributions: a standard normal distribution was
assumed in a “main” subgroup and a normal distribution
which differed either in mean (bias) or in variance (noise)
in a “contaminated” subgroup (the subgroup with potential
flaws in the PRO measurement) (Table 1).

The two treatment groups were considered as being
impacted similarly by the contamination; a pooled mean
and variance were calculated in each treatment group. The
theoretical score in the control group was assumed to be
standard normal, and the theoretical mean score of the
treatment group was based on a hypothesized treatment
effect size.

The statistical power of the test comparing the score
means between two treatment groups was calculated using
the classical formula:

Zp=z Hy — Iy
B = 2T T ==
Y a2/2
The observed power (i.e., the power observed in the
situation where a subgroup was contaminated) was com-
pared to the expected power (i.e., the power that would
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Table 2 Description of the difference in study power (theoretical
power—observed power)

Mean (SD) 0.022 (0.056)
Median 0.000

Q1-Q3 0.000-0.021
Min-max —0.121-0.375
Increase of power >5 points—N (%) 24 (1.60)
Change of power —5-5 points—N (%) 1,241 (82.73)
Decrease of power 5-15 points—N (%) 168 (11.20)
Decrease of power >15 points—N (%) 67 (4.47)

have been observed if the subgroup had not been
contaminated)
The following parameters were considered:

e Features of the study

e Total sample size (N = 100, 200, 400, 800, 1,600)
e Size of the treatment effect (ES = 0.2, 0.5, 0.8)

e Severity of the contamination

e Absolute mean difference in the contaminated
group (A = 062, 0.2¢%, 0.5¢°, 16* and 2¢°; with
o” the variance of the score in the main subgroup,
fixed to 1 in the simulation exercise)

e Variance ratio in the contaminated group (y = 0.5,
0.66, 1, 1.5, 2)

e Relative size of the main group to the contaminated
subgroup (r = 0.95, 0.9, 0.7, 0.5)

The numerical computations were performed using R
software for Linux.

Results

Differences between the expected and observed power
were in most cases small but some substantial differences
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Fig. 1 Distribution of the change in study power (theoretical power—
observed power) according to various simulation parameters: total
sample size (a), absolute mean difference in the contaminated group

were observed, up to a 0.375 point drop in power (Table 2).
Notable changes in test power, defined as a change in
power of more than five points, were almost always power
drops: cases of a notable increase in test power were
extremely rare (1.6 %).

Figure 1 shows the distribution of change in study power
in four categories: increase of power >5 points; change of
power between —5 and 45 points; decrease of power
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(b), variance ratio in the contaminated subgroup (c), relative size of
the main group to the contaminated subgroup (d), size of the
treatment effect (e)

between S and 15 points; decrease of power >15 points. A
notable power drop was observed in about 24 % of cases
with small samples (total sample of 100-200 patients) while
in large and very large samples (800 and 1,600 patients), and
there were fewer cases of notable power drops (but still about
6 %). Notable power drops were observed in about 28 % of
cases when the treatment effect size was small, but were very
rare (about 4 %) when it was large.
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The frequency of notable power drops increased with
the difference in mean between the contaminated and main
groups. In particular, when the mean difference in the
contaminated group was 2 (i.e., twice the theoretical score
variance), a notable power drop was observed in 44 % of
the situations with a drop greater than 15 points in 17 % of
the cases. Notable power drops were observed in about 5 %
of the situations where the variance in the contaminated
group was inflated compared to the main group.

When the contaminated sample and main groups were of
similar size (relative size of the main group to the con-
taminated subgroup of 0.5 or 0.7), a notable power drop
was observed between 20 and 25 % of the cases. When the
contaminated sample was marginal compared to the main
group, less than 5 % of the cases showed a drop between 5
and 15 points and no situation with a drop above 15 points.

Discussion

Our numerical computation exercise showed that the
“contamination” of a subgroup can impact the power of a
study, in almost all circumstances, and that it leads in most
of the cases to a loss of power due to the contaminated
subgroup. Yet, unsurprisingly large sample and treatment
effect sizes limited the risk. Obviously, the risk was the
highest when the trial sample size was small to moderate,
when the contaminated sample size was as large as the
normal sample, and/or when the treatment effect size was
small to moderate. On the contrary, trials with large
treatment effect size, large samples or a small sample ‘at
risk of contamination’ were more likely to be safe from
drop of power due to poor measurement in a subgroup. Of
note, even if we introduced bias in the estimation of the
effect in the contaminated subgroup, the cases in which
study power was increased were extremely rare.

Given the risk of power loss, it is critical to understand
how the assessment in a cultural subgroup could be con-
taminated. Such a contamination can be due to different
aspects. It can of course be due to flaws in the measure related
to poor cross-cultural equivalence of the PRO instrument.
These risks can be limited by the application of linguistic
validation methods, which are now widely used to obtain the
different language versions of the instrument used in the trial
[13, 14]. Furthermore, when concepts that are culturally
sensitive are considered as potential endpoints of interest in
multinational trials, cultural aspects should also be taken into
account in the choice of the endpoints to be measured. It
should be made clear that the targeted concept exists, and is
equally important and relevant, in all countries included in
the study. Moreover, the selection of instruments used to
measure these endpoints should be made in light of the
multicultural context of the trial. For instance, instruments
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that were developed in a multicultural approach (e.g.,
through simultaneous development) could be preferred, and
at least instruments that have already proven to be possibly
used in different cultures (i.e., that already have existing
versions in several languages or have been subject to a
translatability assessment) should be targeted.

Importantly, the measure of concepts can also be “con-
taminated” in a subgroup of patients of an international clin-
ical trial by another pathway: the study procedures may not be
strictly homogeneously applied in all sites. Various aspects of
study procedures can slightly differ from one site/country to
another: patient selection, patient management, and data
collection. Also the standard of care in the different countries
may be different thus impacting the measure of cultural sen-
sitive concepts. Great efforts should be made to ensure
homogeneity of study procedures across the different coun-
tries (e.g., by training of investigators and describing clearly
and comprehensively the study procedures in the protocol).

Thus, when a trial includes very heterogeneous samples,
the endpoint of interest is culturally sensitive and/or a
poorly validated (linguistically or psychometrically) ver-
sion of PRO instrument is used, particular caution should
be given to the power of the study. Indeed, it may well be
that an intervention is not demonstrated to be efficacious
because of issues with the measurement of the endpoint in
one “contaminated” subgroup.

This research calls for further work to consolidate our
conclusions but also to gain a better understanding on the
potential impact of cross-cultural aspects on study power. First,
the simulation exercise was set up in an ideal situation where
the scores were assumed to be normally distributed. This may
not be the case in practice and further simulations with dif-
ferent distributions of scores would allow reinforcing our
conclusions. The second and maybe most important follow-up
research direction would be to explore how the different
aspects of “contamination” impacts study power. The differ-
ent types of cross-equivalence equivalence of PRO question-
naires may have different impacts and, for example, addressing
questions such as “to what extent items showing differential
functioning is an issue for study power?” would be of great
interest. Another question of interest would be to ascertain
which of measurement issues or other challenges experienced
when conducting multicultural studies (e.g., heterogeneity of
application of study procedures, difference in standard of care)
are more likely to weaken study power. Addressing these
questions would certainly provide with indications for better
measurement in multicultural clinical trials.

Conclusion

The impact of poor PRO measurement in a cultural sub-
group can induce a notable drop in the study power and
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consequently reduce the chance of showing an actual
treatment effect. These results illustrate the importance of
the efforts to optimize cultural equivalence of PRO mea-
sures and standardization of assessments when pooling data
in international clinical trials.
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