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1. Contexte scientifique

1.1. Importance de la qualité des publications scientifiques

La prise de décision médicale, 1’établissement de recommandations de bonnes pratiques
cliniques et le remboursement de nouvelles thérapies reposent actuellement sur les résultats
d’essais cliniques, selon le principe de la médecine fondée sur les preuves. Des essais cliniques
de qualité sont donc nécessaires afin de prodiguer les meilleurs soins possibles aux patients. Au
cours des 50 derniéres annees, le nombre de publications scientifiques a fortement augmente,
principalement du fait de I’arrivée des chimiothérapies et des biothérapies. Parmi ces articles,

on dénombre plus de 300 000 essais cliniques randomisés controlés entre 1969 et 2019 (Fig. 1).

Total : 342 679

1969 2019

Figure 1: Représentation annuelle du nombre d’essais cliniques randomisés controlés
publiés dans le monde entre 1969 et 2019. Source : PubMed.

La qualité méthodologique des études reste extrémement variable, méme au sein de journaux
internationaux avec comité de relecture. Les résultats d’un article sont basés sur les analyses
statistiques effectuées, qui doivent étre en accord avec le plan d’analyse statistique. Celui-Ci
doit étre établi en amont de I’étude. Il précise le nombre de sujets a inclure dans 1’étude et les
analyses statistiques qui vont étre effectuées, en fonction du type de données étudiées. Le calcul
du nombre de sujets nécessaires (NSN) est donc une étape importante de la planification d’une

étude. Le NSN doit étre suffisamment important afin d’obtenir la puissance nécessaire pour

13



répondre a 1’objectif de I’étude, mais ne doit pas inclure trop de sujets pour des raisons
économiques et éthiques. En effet, inclure un nombre trop important de participants risque
d’exposer inutilement certains sujets a de potentiels effets indésirables. Une surestimation de la

taille de 1’échantillon entraine également un surco(t en allongeant la durée de I’étude.

1.2. Calcul du nombre de sujets nécessaires

L’objectif d’un essai clinique randomisé contrdlé est de mettre en évidence une différence de
valeur du Critere de Jugement Principal (CJP) entre deux groupes (ou plus). L’analyse de cette
différence se fait via des tests statistiques, selon une puissance (probabilité de mettre en
évidence une différence qui existe réellement) et un risque de premiére espéce (probabilité de
conclure a une différence qui n’existe pas réellement) donnés. Le calcul du NSN doit donc
intégrer la puissance et le risque de premiére espece (risque alpha). Il prend également en
compte la latéralité du test statistique, c’est-a-dire 1’expression de I’hypothése alternative de
maniere bilatérale (valeur (A) # valeur (B)) ou unilatérale (valeur (A) < valeur (B) ou valeur
(A) > valeur (B)). Tous ces paramétres sont fixés a priori et sont indépendants du type de

variable étudiée.

Pour finir, le calcul du NSN doit également tenir compte de la distribution du CJP. Celle-ci peut
en effet avoir une distribution normale (gaussienne), binomiale, exponentielle, de Poisson, ou
encore geométrique. Pendant longtemps, la distribution de la variable étudiée n’a pas été prise
en considération dans le calcul du NSN car cela nécessite souvent des calculs complexes.
Néanmoins, les progrés de l’informatique dans le domaine des statistiques permettent

désormais d’effectuer plus aisément ces calculs.
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1.3. Généralités sur la Sclérose En Plaques

La Sclérose En Plagques (SEP) est une pathologie auto-immune chronique du systéme nerveux
central. Elle se caractérise par une atteinte a la fois inflammatoire et démyeélinisante, et une
atteinte neurodégénérative. En France, on estime qu’environ 100 000 patients sont atteints de
SEP (1). Elle touche en majorité les personnes jeunes (30 ans d’age moyen au diagnostic), et
préférentiellement les femmes (sex ratio a 2.5). On distingue plusieurs formes clinique de SEP,
selon la présentation de la maladie (2). La forme récurrente-rémittente (RR) est la plus fréquente
au diagnostic (80-85%). La maladie se caractérise par une succession d’épisodes de déficit
neurologique appelés poussées, alternant avec des phases de rémission. Les symptomes
régressent la plupart du temps, mais peuvent parfois perdurer, laissant une séquelle
neurologique, source de handicap. En I’absence de traitement, la SEP-RR évolue vers une forme
secondairement progressive (SP) dans au moins 50% des cas, apres un délai plus ou moins long
selon les patients. On distingue également les formes progressives primaires (PP) au cours
desquelles le handicap s’installe progressivement des le début de la maladie, sans poussées (10-
15% des SEP).

La poussée est définie comme un épisode clinique monophasique, caractérisé par ’apparition
aiglie ou subaigue de symptdéme(s) neurologique(s), en dehors de toute fievre ou infection,
perdurant au moins 24h et séparé au minimum de 30 jours d’un autre épisode neurologique (3).
Dans les SEP de forme RR, le Taux Annualisé de Poussées (TAP) est un marqueur clinique
d’activité de la maladie facile a calculer, et employé dans de nombreuses études. Il se définit
comme le nombre de poussées observées au cours d’un temps d’observation donné, rapporté
sur cette méme période. Il existe une variation de la valeur du TAP inter-individuelle, mais
également chez un méme individu, le TAP diminuant en général aprés la ou les poussées

conduisant au diagnostic (phénomene de régression a la moyenne) (4).
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1.4. Calcul du nombre de sujets nécessaires basé sur le taux annualisé de poussées
Au sein d’une population, la distribution du TAP n’est pas gaussienne. En effet, il existe un
nombre trés important de patients n’ayant pas présenté de poussées pendant 1’étude, ou n’en
ayant présenté qu’une seule. Peu de patients ont en réalité une maladie tres active se traduisant
par des TAP élevés. Cette répartition du TAP se retrouve a la fois dans les essais cliniques

(Annexe 2) (5-10), et chez les patients en vie réelle (Figure 2).
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Figure 2 : Répartition du Taux Annualisé de Poussées chez les patients présentant une
SEP-RR. Données extraites de la base de donnees locale du CHU de Clermont-Ferrand du
registre européen EDMUS, entre septembre 2017 et septembre 2019, pour les patients traités
ou non.

La loi de Poisson et la loi binomiale négative ont été proposées comme modeéle statistique du
TAP (11). La loi de Poisson ou « loi des événements rares », est définie par un paramétre A
correspondant a la fois a la moyenne et la variance. Le modéle binomial négatif est une
généralisation de la loi de Poisson, qui prend en compte la surdispersion des données (12). Il

permet d’analyser des jeux de données ou la variabilité est plus grande que la moyenne de

16



I’échantillon. Le modéle binomial négatif semble correspondre au mieux a la distribution du
TAP. Concernant les données presentées dans la figure 2, le TAP moyen est en effet de 0.2,
avec un écart-type plus élevé, d’une valeur de 0.4. A titre de comparaison, la modélisation d’une
distribution normale de parameétres (moyenne : 0.2 ; écart-type : 0.4) donnerait des valeurs

négative de TAP (Figure 3).

40

30

20

Fréquence (%)

Figure 3. Simulation de données selon une loi normale.
Moyenne = 0.2 ; Ecart-type = 0.4
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2. Hypotheses de travail et objectifs

La distribution du TAP selon un modele binomial négatif nécessite 1’utilisation de tests
statistiques appropriés. Le calcul du NSN doit lui aussi étre adapté a cette distribution. Or, les
techniques de calcul basées sur un CJP suivant un modéle binomial négatif sont disponibles
depuis plusieurs années (13), rendant possible son utilisation dans les essais cliniques ayant le
TAP comme CJP.

Notre objectif principal est de déterminer si les méthodes utilisées pour le calcul du NSN et
pour I’analyse du TAP sont adaptées a la distribution de ce dernier.

En cas d’inadéquation des techniques de calcul, notre objectif secondaire est de proposer une

méthode de calcul prenant en compte la distribution du TAP.
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Abstract

Background : In randomized controlled trials (RCTs), the sample size estimation (SSE) is an
important step of the planning of statistical analyses. The calculation method must be adapted
to the distribution of the studied variable. In multiple sclerosis (MS) studies, the Annualised
Relapse Rate (ARR) is a marker of the disease activity, which distribution follow a negative
binomial (NB) distribution. Our objectives were to determine whether the SSE and the analysis
of ARR in phase 3 and 4 RCTs of drug therapies for relapsing remitting MS were consistent

with the distribution of the ARR, and to compare the SSE across several statistical distributions.

Methods : A systematic review of the literature included phase 3 and 4 RCTs which primary
endpoint was ARR in relapsing remitting MS, published since 2008 in scientific journals with
an Impact Factor > 4. We checked whether the SSE and the ARR analyses were congruent with
a NB model. We also performed SSE based on normal and NB distribution, using the data

collected from the studies.

Results : Nineteen articles corresponding to 20 studies were selected. Nine of them indicated
the method used for SSE. Of these, only 4 used a model derived from a Poisson or NB
distribution. In contrast, the ARR analyses were based on these two models in 19 out of 20
studies. SSE using identical parameters showed highly variable results, depending on the ARR

and dispersion used.

Conclusions : Our study pointed out that the SSE in MS RCTs studying ARR is rarely
performed with the accurate model. The complexity of the NB model creates variable
difference compared to the gaussian model. As it is difficult to predict these differences, the use

of a NB model seems mandatory to optimize the number of included patients.

22



Introduction

New drugs are constantly in development, resulting in a large number of clinical studies, which
are often long and expensive. In the last two decades, a growing number of methodological
papers raised awareness of issues and gaps in the scientific publications’ methodology, mostly
in Randomized Controlled Trials (RCTs). Transparency and public access to study protocol

seems to be the first step for higher quality of published data (1).

During the planning of a new study, the Sample Size Estimation (SSE) is a key step, on which
the reliability of the results depends. In Multiple Sclerosis (MS) studies, many clinical
parameters can be studied, depending on the course of the disease. In Relapsing Remitting MS
(RRMS), Annualized Relapse Rate (ARR) is often chosen as primary outcome in phase 3 and
phase 4 RCTs. The number of relapses directly impacts the quality of life of the patient, which
explain why it is clinically relevant. Moreover, ARR is easily collected and has the advantage
of quickly showing a difference between treatment groups resulting in shorter studies compared
to outcomes based on disability. Moreover, a new relapse is the opportunity to reassess the

treatment of a patient and is often a chance for choosing a more effective immunotherapy.

ARR is a parameter which is non-normally distributed. In fact, due to the small number of
relapses per patient each year, ARR follows a distribution that obeys to the law of rare events.
It can be modelized through Poisson derived distributions. A Poisson distribution is a discrete
probability distribution defined with a single parameter A which is both the mean and the
variance, which results in an absence of data dispersion. Moreover, in a Poisson model each
event is independent from others. The quasi-likelihood Poisson distribution and the negative
binomial regression are Poison derived distribution which consider overdispersion of data,
allowing the variance to be greater than the mean. Overdispersion results from heterogeneity of

relapse rate between patient, and from contagion (an early relapse involves a higher risk of
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subsequent ones), both mechanisms leading to a statistical link between relapses (2). The quasi-
likelihood Poisson distribution and the negative binomial model are both suitable to study ARR,
and it is currently recommended to use negative binomial regression for the design and the

analysis of relapse rate (2).

SSE should therefore be based on a negative binomial regression, and not on other distributions
classically used, such as a gaussian distribution, which do not correspond to the observed

distribution of ARR.

Based on this observation, we conducted a systematic review to investigate if the statistical
analysis plan (the SSE) and the statistical analysis of RCTs using ARR as their primary outcome
was congruent with the ARR distribution. The secondary outcome was to propose an

appropriate SSE calculation and check for any difference with the real inclusions performed.

Methods

Reviewing of studies and data collection

This systematic review was made using PubMed to identify the clinical trials of interest. We
chose to focus on general and specialized journals with high visibility and large readership,
with an Impact Factor superior or equal to 4 at the planning of this study (2019). In these
journals, we only reviewed article from the last decade, precisely from January 1%, 2008 to
December 31%, 2019. We then selected only the phase 3 and 4 randomised controlled trials
dealing with RRMS in adults, and which primary endpoint was the ARR. If there was no proper
estimation of the sample size (SS), the study was excluded. Moreover, if ARR was a co-primary

endpoint with another outcome, the clinical trial could be included if the SS was calculated

24



based on ARR data and not on the data of the co-primary endpoint. Otherwise, the paper was
not included.

In the selected studies, we extracted data from the original article. When information was
missing, we looked for it in every document available online : supplementary appendix, study
protocol, data from websites (clinicaltrial.gov or trialsjournal.biomedcentral.com). If still
missing, we tried to recover the expected standard deviation for each group by sending mails to

the corresponding authors and the last authors.

Endpoints of the study

Our primary endpoint was to gather the statistical methods used for the SSE and the statistical
analysis of each selected RCT, to check if it corresponds well to the ARR distribution. Our
secondary endpoint was to reassess the SS for each study, using two different methods and to
compare our results to the estimated SS published in the studies. The first SSE was based on a
normal distribution of the ARR, and the second one relies on a negative binomial distribution.
For each method, we performed a SSE based on the data provided in the statistical plan analysis,
and another SSE based on the data really observed in the study. Exploratory endpoints were
also collected to have an overview of the last decade RCTs in MS : power, type I error (alpha
risk), number of tails, expected ARR in the control group and in the intervention group, standard

deviation of the ARR in both groups, and expected dropout rate.

Sample size estimations

When possible, we performed the SSE based on expected ARR and expected dispersion
specified in the statistical analysis plan, relying on a normal distribution (Method I). Next, for

each included study, we performed SSE based on the distribution observed in the studies,



obtaining the standard deviation (SD) and the negative binomial dispersion parameter k from
the 95% confidence interval of the ARR. We calculated the SS based on the expected ARR
(Method Il and I1lI, respectively for normal and NB distribution) and the observed ARR
(Method IV and V, respectively for normal and NB distribution). For all SSE, we kept type 1
error, power and group allocation indicated by the authors. Finally, we simulated SSE based on
NB regression to study the factors influencing SS. The SSE relying on a normal distribution
were performed with G*Power software (version 3.1.9.4). The SSE based on a negative
binomial distribution were assesses using Stata software (version 13.1, StataCorp, College
Station, TX), thanks to the package power tworates_zhu provided by Mark Chatfield (available
online), derived from the work of Zhu and Lakkis (3). SSE simulations were achieved with
PASS 2020 (restricted free trial, NCSS). This review is registered with PROSPERO, under

acceptance.

Results

Studies selected

Of the 4474 articles identified, only 942 were published in pre-selected journals. Finally, 19
articles were included in this systematic review (Figure 1), corresponding to 20 studies as

Hauser et al. work presented the results of two independent studies, namely OPERA | and I

(4).
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Figure 1. Flow diagram for inclusion of studies in the systematic review.

Statistical method used for SSE and analysis or ARR

Within the “Method” part, the exhaustivity of the statistical analysis section was quite
heterogeneous between studies, depending on the journal and the year of publication. This
statement also applied to the availability of online supplementary material. The descriptions of
the method used tend to improve across time. Only 9 out of 20 studies indicated the test used

to estimate their SS. Four of them used a quasi-likelihood Poisson distribution, or a negative
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binomial distribution model (5-8). Four indicated the use of a Student t-test (4,9,10), and one
of a Wilcoxon-Mann-Whitney rank-sum test (11). For the other eleven, the statistical method

used for SSE was not specified.

Journal Year of pub. Authors Reference
Annals of Neurology 2011 G. Comi et al. (12)
2013 F.D. Lublin et al. 9
2013 O. Khan et al. (13)
Lancet 2013 R. Gold et al. (5)
Lancet Neurology 2009 P.S. Sorensen et al. (14)
2011 P.S. Sorensen et al. (15)
2014 C. Confavreux et al. (6)
2014 P.A. Calabresi et al. (16)
2014 P.A. Calabresi et al. a7
2016 R. R. Voskuhl et al. (18)
Multiple Sclerosis Journal 2009 E. Havrdova et al. (19)
New England Journal of Medicine 2010 L. Kappos et al. (20)
2010 J.A. Cohen et al. (11)
2010 G. Giovannoni et al. (10)
2011 P. O’Connor et al. (21)
2012 G. Comi et al. (7)
2012 R.J. Fox et al. (22)
2015 L. Kappos et al. (8)
2017 S.L. Hauser et al. 4)
Table 1. Publication characteristics of the articles included in the systematic review.

On the contrary, the methods used to analyse the ARR were quite homogeneous and congruent
with the statistical distribution of ARR (see Table 2). Indeed, a quarter of the ARR analyses
were based on a Poisson model, and more than half relied on a quasi-likelihood Poisson
distribution or a negative binomial regression. Some authors indicated in the online study
protocol their will to analyse ARR with one of these last two methods, and to change for the

other one depending on the dispersion of data (7,22). The most common covariates were age at

28



baseline, EDSS (Expanded Disability Status Scale), number of relapses during a period

preceding inclusion, country or geographic region, and study group (when accurate).

Year of pub.
Authors

2009

E. Havrdova et al.
2009

P.S. Sorensen et al.
2010

L. Kappos et al.
2010

J.A. Cohen et al.
2010

G. Giovannoni et al.

2011

G. Comi et al.
2011

P. O’Connor et al.
2011

P.S. Sorensen et al.
2012

G. Comi et al.
2012

R.J. Fox et al.
2013

R. Gold et al.
2013

F.D. Lublin et al.
2013

0. Khan et al.
2014

P.A. Calabresi et al.

2014

P.A. Calabresi et al.

2014

C. Confavreux et al.

2015

L. Kappos et al.
2016

R. R. Voskuhl et al.
2017

S.L. Hauser et al.

Statistical test for SSE

NA
NA

NA

Wilcoxon-Mann-Whitney
rank-sum test

Student t-test
NA
NA

NA

Quasi-likelihood (overdispersed)
Poisson regression model

NA

Negative binomial
regression model

Student t-test
NA
NA

NA

Quasi-likelihood (overdispersed)
Poisson regression model
Negative binomial
regression model

NA

Student t-test

Statistical test for analysis

Poisson regression

Poisson regression

Negative binomial
regression
Negative binomial
regression

Poisson regression

Quasi-likelihood (overdispersed)
Poisson regression

Poisson regression

Quasi-likelihood (overdispersed)
Poisson regression
Quasi-likelihood (overdispersed)
Poisson regression
Negative binomial
regression
Negative binomial
regression

Cox proportional hazards

Quasilikelihood (overdispersed)
Poisson regression
Negative binomial

regression
Negative binomial
regression

Poisson regression

Negative binomial
regression
Negative binomial
regression
Negative binomial
regression

Table 2. Statistical models used for SSE and for analysis of the ARR.

NA : Not Available




Comparison of sample size estimation

The planned SS, the number of subjects included, and the SSE assessing normal and negative
binomial distribution are detailed in Supplementary Data. For the 9 studies which indicated the
expected SD, the planned SS was superior to the SS based on a normal distribution using
expected ARR and SD in 5 studies (18.7% average increase), and inferior in 4 studies (19.6%
average decrease). Method 1V required more subjects than method 11 in 11 out of 16 studies,
the only parameter changing being the ARR of both groups, resulting in a smaller between ARR
difference for these 11 studies. When based on expected ARR, the NB model required more

participants than the gaussian model in 75% of the studies (method Il vs method I11).
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Figure 2. Comparison of SSE with the different methods.

Method | : Estimation with a normal distribution based on expected parameters and expected dispersion ; Method Il : Estimation
with a normal distribution based on expected parameters and observed dispersion ; Method Il : Estimation with a negative
binomial distribution based on expected parameters and observed dispersion ; Method IV : Estimation with a normal distribution
based on observed parameters ; Method V : Estimation with a negative binomial distribution based on observed parameters.
Studies that did not indicate the dispersion of the ARR observed (Cl 95% or else) could not be computed.

Published planned sample size are given for information and not for comparison purpose.
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On the contrary, when based on real ARR observed in the studies, the NB model required less
participants than the gaussian model (method IV vs method V), only 3 studies showing opposite
results (6,13,15). Taking these results together, the SSE with normal and NB models were
divergent for 6 studies (Figure 2). when the dispersion and the ARR of both control and
treatment group changed (increase of SS with the normal model, and decrease with the NB

model) (10,11,16,17,20,21).
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Figure 3. SS variation according to the length of the study.
All SSE are performed with two tails, a type 1 error of 0.15, a power of 96,5%, and a NB dispersion parameter
k=2.

The SSE formula following a NB distribution is complex and integrates parameters that are not
considered in SSE based on normal model, such as study duration. We simulated SSE with
fixed parameters, studying different duration. It shows that the needed SS is greater for short
studies than for longer ones (Figure 3).

We then performed multiple SSE by varying the other parameters that are part of the negative

binomial SSE formula. These simulations indicate that the SS increase when the ARR of the
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control group is lower, when the risk ratio increases (low between-group ARR difference), and

when data dispersion increases (Figure 4).
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Figure 4. Simulation of SSE following a negative binomial distribution, with different basal ARR (control group),

and different risk ratio, based on 3 values of k
All SSE are performed with two tails, a type 1 error of 0.15, a power of 96,5%, and a mean duration of the study of 1.7 years.
ARR : Annualized Relapse Rate. k : negative binomial dispersion parameter. RR : Risk Ratio

Other characteristics of the studies

As exploratory endpoints, we were also interested in other statistical parameters that are needed
for SSE (see Supplementary Data). Here again, results were very heterogeneous. The value of
power was widely variable, while alpha risk was usually set at 5%. In studies with > 3 treatment
groups, more than 1/3 did not performed or did not indicated how they managed alpha risk
inflation due to multiple group comparisons. The expected ARR values of the control group
were very different among the studies, ranging from 0.35 to 2.1 for placebo and from 0.27 to

1.1 in interferon groups. When indicated, dispersion of ARR was also highly variable, with SD
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ranging from 0.6 to 2.02 (median 0.87), whereas in the results, it was more constant (0.525 to
1.48 ; median 0.776). The observed SD was superior to the expected SD in only 2 studies among
the 7 for which the comparison could be performed. Among the 8 articles in which the
dispersion parameter was clearly identified, only one used a different value for each treatment
group, to reflects the drug effectiveness. Other data such as number of tails, expected ARR
reduction and dropout rate are listed in Supplementary Data. The strategy used for the

management of missing data was clearly indicated in most of the studies.

Discussion

General findings

This systematic review is the first one focusing on the methodology of SSE in MS studies taking
ARR as primary outcome. The distribution of the variable of interest is of major importance in
the analysis of a result. In trials studying ARR in MS, this fact is usually properly considered.
Nonetheless, we show for the first time that SSE is infrequently performed with the most
appropriate statistical methods, even in well-conducted studies analysed properly and published
in major medical journals, although this step is also of the greatest importance in the study
design. Thus, should we stop reading articles when the SSE is not performed with the most

appropriate method?

We also report a lack of details in the statistical methods of RCTs. It is therefore difficult to

know which methods and which parameters were used, and to check the quality of the analyses.
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SSE and determining parameters

In our review, there was an important difference between expected and observed ARR (up to
84%, mean : 46%), the observed ARR being lower in most of the studies (18/20). Moreover,
we found that the observed ARR was extremely variable among studies. This variability is
present between studies and across time (23,24), and explains the impossibility to set a
standardized drug specific value of ARR that could be used for future studies. Classically,
trialists use the ARR obtained in the phase 2 study of the tested drug (and extension studies if
available), which enrol patient with very homogenous demographic characteristics (11,16,20).
Unfortunately, when based on a phase 2 study, the expected ARR in the treatment group is often
higher than the ARR finally observed in the phase 3 study, and the dispersion is lower, resulting
in biased SSE. Indeed, phase 2 studies are often imaging studies lasting one year, while RCTs
based on clinical parameters last longer (up to 3 years). In the first 3 to 6 months after treatment
initiation, the disease may still be active due to delayed treatment effect, and moreover MS is
more active during the first year of RCTs than during the second year (25) due to the regression

to the mean phenomena.

To improve the uncertainty about the value of ARR during the planning of future studies, there
is a growing interest for SSE using a network meta-analysis based on past trials of different
drugs with the same primary outcome (26). This method seems to need less subjects per arm
(27) and can be interesting to determine expected ARR for the testing of drugs in future trials.
To go further, some authors proposed to include data from RCTs and from real word data (i.e.
data from observational and other interventional studies) in a Bayesian network meta-analysis
to simulate SSE (28). To our opinion, the mix of real-world data and RCTs data produce a study
population with different clinical and disease characteristics and should not be used for the SSE

of a RCT with strict inclusion criteria and treatment attribution based only on randomization.

34



Comparison of two ratio with a negative binomial model

Because they assume overdispersion of counted data, the quasi-likelihood Poisson model and
the negative binomial regression fit perfectly the ARR distribution, the last one being preferred

because the variance-to-mean ratio of ARR is not constant with the mean (2).

Our results show that SSE anticipating a NB distribution is highly variable because of the
complexity of its formula, and do not necessarily follow the variations observed with a gaussian
model. Indeed, parameters such as ARR in the control group, risk ratio, study duration and data
dispersion influence the SSE. It explains why for 3 studies, the SS was greater with the NB
model than with the normal distribution, probably due to multiple causes : short studies with
wide data dispersion, and moreover one with high power (6) and another with extreme value or

risk ratio (13).

The formula of SSE based on NB distribution is easily usable, and do not require powerful
software. It integrates more parameters than SSE based on a normal distribution. For this, it is
very complete, but needs very precise value to avoid producing aberrant SS. As detailed above,
precise value of ARR and its dispersion can be easily obtained. Based on these results, we can
suppose that changing the way SSE is calculated would allow to enrol a lower number of
patients in phase 3 and phase 4 studies. Such reduction in the SS allow to minimize the risk of
a study, exposing the lowest necessary number of patients, and minimizing the cost and the

length of such studies.

Our study has limitations. First, there was a huge amount of missing data in lots of articles,
even if we collected data from all available documents. Therefore, we were not able to properly
perform SSE with the 5 methods. We join the current call for transparency, encouraging authors
to register their study protocols online, and to integrate as much information on the results in

supplementary materials. Secondly, due to the complexity of the SSE formula, it was difficult
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to perform proper comparison of SSE based on normal and NB models, requiring us to estimate
SS from the observed dispersion only. Although providing divergent results, we observed a
clear decrease of the SS for most of the studies when based on observed parameters. The
purpose of this work was not to question the results of the reviewed studies, and we did not

performed comparison of our SSE with the initially planned SS, as it is not pertinent (29).

Alternative to ARR and proposal for future studies

As an alternative to ARR as primary outcome, Time To First Relapse (TTFR) or number of
relapse-free patients (RFP) seems seducing for trialists because it may require less subjects to
show a difference between treatment groups, without modifying the power of MS studies,
particularly in studies in which ARR is low (30). However, such outcome rises the issue of the
continuation of disease activity during the first months after the start of the study due to delayed
treatment effect. Furthermore, in studies using TTFR or RFP, data are usually censored after
the first relapse, as the patient can be switched to another active treatment. This may lead to
missing data for other outcome collected at different milestone (safety, disability). For these
reasons, clinical studies based on ARR, or integrating ARR in a composite score (such as

NEDA : Non-Evidence of Disease Activity), should be preferred.

We have seen that performing SSE based on a NB distribution could allow pharmaceutical
companies to enrol less patients. Another method frequently proposed is to design more
adaptative trials to fit more precisely to the real SS needed. Intermediate analyses are adaptative
methods but increase type I error, may induce stopping of the study for futility or with rejection
of the null hypothesis. Blinded Sample Size Reestimation (BSSR) by an independent Data
Monitoring Committee at midpoint of the study does not have this inconvenient as the

reestimation is blind and no statistical analyses are performed (31). BSSR allow to adapt to the
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ARR really measured in the study population and is applicable to MS (32). It has been
previously used in ADVANCE study (17) and could have been used in studies showing a much
greater reduction of ARR (>20%) that initially planned, which could have allow to reduce the

SS ((8,10,14,20,22).

For MS RCTs studying ARR, SSE based on negative binomial distribution is recommended.
This method is available, and our study highlights the importance to use the same method for
both the planning of the study and the analyses of the results, in order to optimize the number
of patients to be included and allow to present reliable data. These conclusions can be extended
to other domains in MS studies, such as imaging studies in which the lesion count follows a
negative binomial distribution (33). SSE based on a normal distribution should therefore be

banned from statistical plan analysis of MS studies.
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Supplementary data

Searching terms used for reviewing

The following searching terms were entered in the searching tool of PubMed : ((((((((((("The New
England journal of medicine"[Journal] OR "Lancet (London, England)"[Journal]) OR
"JAMA"[Journal]) OR "The Lancet. Neurology"[Journal]) OR "JAMA neurology"[Journal]) OR "Brain
> a journal of neurology"[Journal]) OR "Annals of neurology"[Journal]) OR "Neurology"[Journal]) OR
"Journal of neurology, neurosurgery, and psychiatry”[Journal]) OR "Multiple sclerosis (Houndmills,
Basingstoke, England)“[Journal]) OR "European journal of neurology"[Journal]) AND "multiple
sclerosis"[All Fields]) AND (“clinical trials as topic"[MeSH Terms] OR (“clinical"[All Fields] AND
"trials"[All Fields] AND "topic"[All Fields]) OR "clinical trials as topic"[All Fields] OR "trial"[All
Fields]) AND ("2008/01/01"[PDAT] : "2019/12/31"[PDAT]).

Journal with IF > 4 Nb of screened Nb of eligible Nb of included
articles articles articles

Annals of Neurology 45 3 3
Brain 14 0 0
European Journal of

49 0 0
Neurology
Journal of the American
Medical Association 5 0 0
(JAMA)
JAMA Neurology 29 0 0
Journal of Neurology,
Neurosurgery, and 59 0 0
Psychiatry
Lancet 19 3 1
Lancet Neurology 70 6 5
Multiple Sclerosis

440 2 1
Journal
Neurology 192 0 0
New England Journal of
Medicine 20 9 8
Table S1. Identification of the articles included in the systematic review.
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Exploratory endpoints.

Concerning the study characteristics, we picked up the study design (number of groups and allocation

ratio) and its duration. We then collected the data necessary for the sample size estimation (SSE) : power,

type | error (alpha risk), number of tails, expected annualized relapse rate (ARR) in the control group

and in the intervention group, standard deviation of the ARR in both groups, expected dropout rate,

published SSE, and the statistical test used for the SSE. When one of these informations was missing, it

was recalculated using the available figures if possible (for example if the expected ARR of the

intervention group was missing, it was calculated with the expected ARR in the control group and the

difference expected). Data from the statistical analysis were also collected : statistical test used to

compare the ARR, statistical significance (p value), observed ARR in control group and in intervention

group.
. Alpha ARR ARR Expected | Dispersion | Dispersion ARR Dropout
Study %) risk | Tail(s) | (control | (treatment | absolute (control | (treatment | reduction rate
(%) group) group) difference group) group) (%) (%)
(19) 80 5 Two 1,1 0,77 0.33 0,6 0,6 30 NA
(14) 80 5 Two 0,8 0,56 0.24 NA NA 30 15
(20) 95 5 NA 0,7 0,42 0.28 1,06 1,06 40 25
(12) 90 5 Two 0,55 0,33 0.22 0,9 0,9 40 13,4
(10) 90 5 Two 2,1 1,575 0.525 2,02 2,02 25 10
(12) 90 o) NA 0,49 0,343 0.147 NA NA 30 NA
(21) 95 5 Two 0,74 0,555 0.185 0,626 0,626 25 NA
(15) 80 5 NA 0,33 0,2 0.13 NA NA 39 21
@) 90 5 Two 0,65 0,4875 0.1625 NA NA 25 20
(22) 94 5 Two 0,61 0,456 0.154 NA NA 25 23
(5) 90 5 Two 0,476 0,238 0.238 NA NA 50 10
9) 90 5 One 0,76 0,494 0.266 0,87 0,87 35 10
(13) 90 5 NA 0,35 0,245 0.105 NA NA 30 15
(16) 93 5 Two 0,7 0,42 0.28 1,06 1,06 40 25
17 85 5 Two 0,43 0,2924 0.1376 NA NA 32 10
(6) 94 5 Two 0,74 0,555 0.185 1,3* 1,3* 25 20
(8) 90 5 NA 0,27 0,2052 0.0648 NA NA 24 21
(18) 80 10 Two 1,18 0,75 0.43 NA NA 33 NA
4) 84 5 Two 0,33 0,165 0.165 0,8 0,6 50 20

Table S2. Parameters needed for the SSE.
* Over-dispersion parameter for this study only. Dispersion parameter of other studies are standard deviation.

NA : Not available.

For Hauser et al. work (4), only the SSE of OPERA 1 is presented, as the statistical plan analyses of OPERA | and Il were
identical.
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Method | Method 11 Method 111 Method 1V Method V
Estimation Estimation Estimation Estimation Estimation
with a normal | with a normal with a with a normal with a
Published | Number distribution distribution negative distribution negative
Study planned _ of based on based on _bingmi:_al based on _bin_omiz_il
sample included expected expected distribution observed distribution
size patients parameters parameters based on parameters based on
and expected and observed expected observed
dispersion dispersion parameters parameters
and observed
dispersion
(19)* 180 181 159 - - - -
(14) 300 130 - 274 628 177 66
(20) 1250 1272 1404 681 1947 1095 681
(112) 1275 1292 1206 1344 1929 2265 987
(10) 1290 1326 1032 78 3834 558 273
(12)* 980 1155 - - - 105078 -
(21)* 1080 1088 894 1380 2646 1629 1038
(15) 362 307 - 622 2170 5388 7144
@) 1000 1106 - - - - -
(22) 1232 1430 - 2684 6628 2016 1416
(5) 600 621 - 804 855 726 669
9) 1000 1008 608 - - - -
(13) 1350 1404 - 6570 4230 2358 2979
(16) 1080 1083 1275 687 1614 1482 885
17) 1500 1516 - 2904 3597 4647 3015
(6) 1110 1169 - 1689 5427 4746 7572
(8) 1800 1841 - 7212 2232 1056 700
(18)* 150 164 - 106 872 1340 1024
(4)* 800 821 992 810 692 1296 930
(4)? 800 835 992 824 744 1326 994

Table S3. Comparison of the published planned sample size with the SSE following both normal and negative
binomial distribution, based on expected and observed ARR parameters.

* These studies did not indicate an expected dropout rate in their statistical plan analysis. For these studies, our SS estimations
were performed considering that there was no loss of follow-up. For all other studies, the SS includes the expected dropout rate
announced by the authors.

For Hauser et al. (4) : ! corresponds to the OPERA I study, and ? to the OPERA 11 study. For both studies, we used the expected
SD of the placebo group (0.8) to perform the SSE based on a normal distribution with expected parameters.

All SSE are calculated with two tails, except for Lublin et al. (9) (one tail).
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CONCLUSION

Dans ce travail de thése, nous avons conduit une revue systématique de la littérature sur le
calcul du Nombre de Sujets Nécessaires (NSN) a inclure dans les essais cliniques randomisés
contr6lés de phase 11 et IV étudiant les traitements de fond de la sclérose en plaques de forme
récurrente-rémittente. Les résultats de ce travail montrent que ce calcul n’est pas optimal. En
effet, le Taux Annualisé de Poussées (TAP), fréeqguemment utilisé comme critére de jugement
principal, suit une distribution obéissant a la loi des événements rares. La majorité des essais
cliniques étudiant le TAP ne prend pas en considération ce type de distribution lors du calcul
du NSN, alors qu’ils en tiennent compte lors de 1’analyse statistique.

Dans un deuxiéme temps, nous avons modélisé le calcul du NSN a partir des données extraites
de chaque éetude avec différentes méthodes. Les simulations de calcul du NSN ont donné des
résultats treés variables, en fonction du TAP et de la dispersion utilisés, mais montre en moyenne
un NSN moins important avec une distribution binomiale négative, qu’avec un modéle
gaussien. Ces résultats sont trés probablement expliqués par la complexité de la formule de
calcul basée sur une distribution BN. Comme il est difficile de prévoir ces variations,

I'utilisation d'un modele BN semble obligatoire pour optimiser le nombre de sujet nécessaire.

Clermont-Ferrand, le ,M/;/.% Clermont-Ferrand, le ’?I’J'/ﬁ/-za

Pierre CLAVELOU Le Président du Jury

Doyen - Directeur -
y Ak sriel Montpied
it omi-Farrand

Me Fln 258 630780889
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Annexe | : Répartition du nombre de poussées en fonction du groupe de
traitement dans les études le preécisant.
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Annexe Il : Formule utilisée pour le calcul du NSN selon une loi binomiale
négative. Source : PASS Sample Size Software (dérivé de Zhu and Lakkis, 2014).

Calcul du NSN :

2 K : paramétre de dispersion binomial
(ZaszVo  +2pVa) o
= négatif
" (log(RR))? ’

n : NSN par groupe
R : ratio d’allocation (n2 / nl)

Avec Vo=—|s++]+ M et A, taux annualisé de poussée
oAy RA; R
dans chaque groupe
141 1 (1+ Rk Ut : durée totale d’exposition pour
Et Va = E(I R ﬂz) R I’ensemble des sujets

Estimation de k a partir de I’intervalle de confiance 2 95% d’une étude précédente :

Admittedly, the hardest value to determine among those required for these sample size and power calculations is
the value for x, the nepgative binomial dispersion parameter. If a suitable value for ¥ is not known, then you can
estimate k from a similar study that was analyzed using Poisson regression.

Given a Poisson mean event rate A and an overdispersion factor ¢, estimated from a similar Poisson regression
study, the relationship between 4, ¢, and k is

d=1+kd
such that an estimate of k can be calculated using overall estimates of A and ¢ as
. _$-1
K= ——
A

If ¢b (the estimate for the overdispersion factor) is not directly reported in the previous study, Zhu and Lakkis (2014)
suggest on page 384 that the Poisson overdispersion factor can be estimated from the total number of events, ¥, the
total exposure time, T, and the standard error, SE(Iog l). as

- Var(Y) - 232
$=——=Ti (SE(lngl])
since for overdispersed Poisson
Var(Y) = AT
The maximum likelihood estimator of the event rate of the Poisson distribution, 4, is
1=t
T

The standard error, SE[Iog i). can be determined by back-calculating from reported 100({1 — «)% confidence
interval endpoints for A from Poisson regression as

[lug(Upper Bound) — log(Lower Bound))
2

SE(logd) =

E1—af?

Finally, from a previous two-group Poisson regression study, x can be calculated from the estimated Poisson
event rates 4; and A; and the estimated Poisson overdispersion factors ¢p; and ¢, from each group as

(61;62)_1

A+ 4,
Z

K=
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SERMENT D'HIPPOCRATE

(Conseil national de I’ordre des médecins)

Au moment d’étre admis(e) a exercer la médecine, je promets et je jure d’étre fidele aux lois de
I’honneur et de la probité.

Mon premier souci sera de rétablir, de préserver ou de promouvoir la santé dans tous ses
éléments, physiques et mentaux, individuels et sociaux.

Je respecterai toutes les personnes, leur autonomie et leur volonté, sans aucune discrimination
selon leur état ou leurs convictions. J’interviendrai pour les protéger si elles sont affaiblies,
vulnérables ou menacées dans leur intégrité ou leur dignité. Méme sous la contrainte, je ne ferai
pas usage de mes connaissances contre les lois de I’humanité.

J’informerai les patients des décisions envisagées, de leurs raisons et de leurs conséquences. Je
ne tromperai jamais leur confiance et n’exploiterai pas le pouvoir hérité des circonstances pour
forcer les consciences.

Je donnerai mes soins a I’indigent et & quiconque me les demandera. Je ne me laisserai pas
influencer par la soif du gain ou la recherche de la gloire.

Admis(e) dans I’intimité des personnes, je tairai les secrets qui me seront confiés. Recu(e) a
I’intérieur des maisons, je respecterai les secrets des foyers et ma conduite ne servira pas a
corrompre les meeurs. Je ferai tout pour soulager les souffrances. Je ne prolongerai pas
abusivement les agonies. Je ne provoquerai jamais la mort délibérément.

Je préserverai 1’indépendance nécessaire a 1’accomplissement de ma mission. Je
n’entreprendrai rien qui dépasse mes compétences. Je les entretiendrai et les perfectionnerai
pour assurer au mieux les services qui me seront demandés.

J>apporterai mon aide a mes confreres ainsi qu’a leurs familles dans I’adversité.

Que les hommes et mes confreéres m’accordent leur estime si je suis fidele a mes promesses ;
que je sois déshonoré(e) et méprisé(e) si j’y manque.
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TITRE : Calcul du nombre de sujets nécessaires dans les essais cliniques randomises
contrdlés de phase 111 et 1V étudiant les traitements de fond de la sclérose en plaques de
forme recurrente-rémittente : une revue systematique

RESUME :

Contexte : Dans les essais cliniques randomisés contrélés, le calcul du Nombre de Sujets
Nécessaires (NSN) a inclure dans I’étude est une étape importante de la planification de
I’analyse statistique. Le calcul doit étre adapté a la distribution de la variable étudiée. Dans la
Sclérose En Plaques (SEP), le Taux Annualisé de Poussées (TAP) suit une distribution
binomiale négative (BN).

Objectifs : Déterminer si le calcul du NSN et I’analyse du TAP dans les essais cliniques
randomisés controlés de phase Il et 1V étudiant les traitements de fond de la SEP de forme
récurrente-rémittente (RR) sont en accord avec la distribution du TAP, et comparer le calcul
du NSN selon plusieurs distributions statistiques.

Methodes : Une revue systématique de la littérature a été conduite, incluant les essais
cliniques randomisés controlés portant sur la SEP-RR et ayant comme critere de jugement
principal le TAP, publiés depuis 2008 dans des journaux scientifiques ayant un Impact Factor
supérieur ou égal a 4. L’adéquation du calcul du NSN a la distribution du TAP a été vérifiée.
Nous avons également comparé le NSN basé sur une distribution normale et BN, en utilisant
les données recueillies dans le cadre des études.

Résultats : Dix-neuf articles correspondant & 20 études ont été retenus. Neuf d’entre eux
indiquaient la méthode utilisée pour le calcul du NSN. Parmi ceux-ci, seuls 4 utilisaient une
formule basée sur une distribution binomiale négative ou dérivée d’un modéle de Poisson.
L analyse du TAP était en revanche basée sur ces 2 modeles pour la quasi-totalité des études.
A partir de parametres identiques, la modélisation du calcul du NSN avec les différentes
méthodes a donné des résultats tres variables, en fonction du TAP et de la dispersion utilisés.
Néanmoins, le NSN était en moyenne moins important lors de I’utilisation d’une distribution
BN qu’a partir d’un modeéle gaussien.

Conclusions : Notre étude a montré que le calcul du NSN dans les essais randomisés
contr6lés de la SEP étudiant le TAP est rarement réalisé avec la bonne méthode. La
complexité de la formule du modéle binomial négatif engendre une variabilité du NSN,
rendant son approximation impossible par un modele gaussien. Il semble donc obligatoire
d’utiliser un calcul du NSN basé sur un modele BN pour effectuer des analyses statistiques
rigoureuses méthodologiquement.

MOT-CLES : Revue systématique, Sclérose en plaques récurrente-rémittente, Nombre de
sujets nécessaire, Essai randomisé contr6lé, Binomial négatif






