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[bookmark: _Toc239334265]

1. Introduction 
This document constitutes the Statistical Analysis Plan (SAP) for the XXXX Trial. In an appendix we also provide R-code for these analyses (appendix A). 
The SAP will be finalized, approved, and signed prior to data unblinding.
[bookmark: _Toc239334266]1.1 Research questions 
The term research questions is preferred to ‘hypotheses’ as the latter refer to ‘scientific hypotheses’ (e.g. the treatment is effective in preventing depression) which can create confusion with the ‘null hypothesis’ (statistical hypothesis), e.g. the average change in HAMD6 score is equal in the active and placebo group. In some cases, answering a research question / proving a scientific hypothesis may require rejecting several null hypotheses.	Comment by Brice Maxime Hugues Ozenne: The text in blue provides explanation and is not meant to be kept in the SAP. 
Primary research question:
-
Secondary research question(s):
-
[bookmark: _Toc239334267]1.2 Trial design 
Briefly describe the design:
· Number of treatment arms and randomization ratio. Also mention any variable used to perform randomization, e.g. when using block-randomization.
· Blinding, including anything that may compromise the blinding of the research team (e.g. if treatment is psilocybin vs. placebo, presence of a member of the research team presents a risk for blinding). It can be an important piece of information at later stage, e.g. when choosing the person performing the data review.
· Type of trial (primary endpoint): superiority, equivalence/non-inferiority, dose response	Comment by Brice Maxime Hugues Ozenne: Most common one. This SAP template is written for a superiority trial.	Comment by Brice Maxime Hugues Ozenne: Very important to specify the equivalence margin (its value) in the SAP
· Study duration and timing of the measurements (possibly using an illustration, e.g. see table below)
· If some subgroups (defined by baseline characteristics) are of importance for some research questions, indicate the expected recruitment proportion.
· Mention anything non-standard, e.g., randomization before baseline assessment, adaptive design/interim analyses.	Comment by Brice Maxime Hugues Ozenne: The most problematic aspect is that this is more prone to post-randomization selection, e.g. if a subject refuse some of the baseline measurement or they could not be performed for technical reasons. Also one may realize that some inclusion / exclusion criteria are no more valid.
---> generally more screening failure is preferable to post-randomization exclusion as only the later may be prone to selection bias (between the randomization arms).

Another problem is that technically the assessment is no more a baseline measurement. Even if the subject has not received the treatment yet, there is a (maybe small) risk that investigators or subjects manage to infer the treatment they have been randomized to. So it become a follow-up (post randomization, pre treatment ) measurement.	Comment by Brice Maxime Hugues Ozenne: Requires its own section where it is described in great details

This is a two-arm, randomized (1:1), parallel-group, double blind, investigator-initiated clinical trial. The sample size in each arm is XXX. Each study participant has a screening/baseline visit, later randomized, and then followed for 8 weeks (see details in table below). For details on participant eligibility criteria, see the published protocol paper [REF], method section, subection population.	Comment by Brice Maxime Hugues Ozenne: Those could be at two different times, if so clarify.
There could also be no baseline. If so mention it explicitely as it is important for the statistician to know that there whether there are baseline measurement to leverage. It’s a good idea in that case to put a one line explanation why the screening measurements should not be used, e.g. acquired at different times from an event (birth, disease diagnosis) so not comparable across study participants.
No interim analyses are planned for the study, and no stopping guidelines were made.


	
	Enrollment	Comment by Brice Maxime Hugues Ozenne: Possibly two columns as they may be two different timepoitns.
/Baseline
	Randomization
	Follow-up

	Timepoint
	~1 week before
	0
	+1 week
	+2 weeks
	+4 weeks
	+8 weeks

	Eligibility screening
	X
	
	
	
	
	

	Inform consent
	X
	
	
	
	
	

	Randomization
	
	x
	
	
	
	

	Intervention: active
	
	
	x
	x
	x
	

	Intervention:
placebo
	
	
	x
	x
	x
	

	Baseline covariates
	x
	
	
	
	
	

	HAMD6 (primary outcome) 
	x
	
	x
	x
	x
	x

	EPDS
(secondary outcome)
	x
	
	x
	
	x
	


1.3 [bookmark: _Toc239334268] Interventions 
If you ONLY want to perform intention to treat (ITT) analyses and completely disregard adherence to treatment (including use of rescue medications), this section may not be so important as the only important variable is which group each subject has been randomized to. 
If you are concerned about lack of adherence, treatment discontinuation, rescue medication and would like to quantify the treatment effect among only subjects who complied to the treatment, this section is very important. The previously mentioned analysis often referred to as ‘per protocol analysis’ and this section clarified what the ‘protocol’ is.
Trial interventions:
· SSRI + psychotherapy (experimental arm protocol). SSRI dosage is increased during the follow-up with adjustment depending on side effects: starts at 5mg for 3-5 days then 10mg for … Psychotherapy is provided at each planned follow-up: 1 week, 2 weeks, …
· Placebo + psychotherapy (control arm protocol): …
Clarify the posology of the intervention and possible treatment breaks in case of side effects or switch of treatment in case side effects or lack of efficacy, those should be specified too. For instance, in the Neuropharm trial:	Comment by Brice Maxime Hugues Ozenne: https://doi.org/10.3389/fpsyt.2020.00641 
‘Patients will be treated with escitalopram, and in case of non-response at week 4 or intolerable side effects, offered to switch to a second line treatment with duloxetine.’
Hypothetical interventions:	Comment by Brice Maxime Hugues Ozenne: To make it very clear that those where not the ones implemented during the trial. 
· Full adherence intervention: patients stay on the treatment they are randomized to during 8 weeks, without switching to another drug or starting rescue medication. No treatment break is allowed even in case of side effect.
· Feasible full adherence intervention: patients stay on the treatment they are randomized to during 8 weeks, without switching to another drug or starting rescue medication. Treatment break is allowed in case of side effect (max XX weeks).
· …
When the intervention defined in the protocol differs from the ‘ideal’ intervention the investigator has in mind, the term ‘per protocol analysis’ may be inappropriate. For instance, in the Neuropharm trial, the investigator may want to assess the intervention: ‘stay on escitalopram for 8 weeks vs. placebo’, i.e., not allow for treatment switch. An analysis excluding subjects switching treatment should not be called per-protocol analysis (and often rely on unrealistic assumptions of independence between treatment switching and clinical outcome, but that’s another topic). These ‘extra/ideal’ intervention(s) should be defined in the SAP, for instance here.	Comment by Brice Maxime Hugues Ozenne: Reference https://doi.org/10.1177/1740774511420743  Another intersting reference: DOI: 10.1056/NEJMsm1605385 

[bookmark: _Toc239334269]1.4 Outcome
	Outcome
	Possible values/unit
	Measurement method/device
	Other information

	
	
	
	

	
	
	
	

	
	
	
	



Note: an outcome typically denotes something that one can measure while an endpoint operationalizes it (what is measured, when it is measured, how it is summarized):	Comment by Brice Maxime Hugues Ozenne: I’m myself often confused about this terminology. That’s also why I wrote it down to have something to refer to and to be more consistent. If you prefer the other way around all good just mention it somewhere in the SAP
- the outcome may be HAMD measured over time while the endpoint is the relative change from baseline in 8 weeks HAMD6.
- another common example is categorization: endpoint is depressed vs. non-depressed obtained assessing HAMD>4 at week 8.
[bookmark: _Toc239334270]1.5 Intercurrent events
List intercurrent events that may arise during data collection. For later use they can be classified into two categories:
- truncating event: stop measurements from existing (e.g. death, there is no point trying to measure memory after it) or being possible to measure (e.g. subject fall asleep or got seizure preventing him from answering memory questionnaire). The later category can be seen as informative missing data.
- modifying event: measurements are available but no longer meaningful for the study because of an intermediate event. A typical example is a subject that stops taking the treatment or that takes extra treatments: the observed value after that is contaminated by non-adherence to the treatment strategy and thus, while relevant for the Intention to Treat analysis, they are not relevant for assessing the ‘pure’ treatment effect (i.e. had all subjects fully adhered). 
See Kahan et al. 2024 for more details. 	Comment by Brice Maxime Hugues Ozenne: https://doi.org/10.1136/bmj-2023-076316 
[bookmark: _Toc239334271]1.6 Covariates
[optional] List any covariate (as in 1.4) relevant for the analysis.
[bookmark: _Toc239334272]1.7 Calculations 
[optional] Clarify here if some outcomes/adherence require some calculations.
This is especially important in time to event analysis / survival analysis / multi-state analysis where the definition of what defines time 0 should be clarified (usually randomization but could be start of treatment, …). Also what triggers ends of follow-up, especially regarding ‘right-censoring’ (emigration, left the hospital, …). Did not answer a phone call leads to an upper bound of when drop-out occurred which is not exactly what is required in standard survival analysis.	Comment by Brice Maxime Hugues Ozenne: But if a treatment is ‘easier’ to start this may compromise the comparability between the treatment groups, e.g. via immortal time bias (Salimah et al 2008, JASN, 10.1681/ASN.2007121354).
This can also be important when it comes to assessing adherence or treatment duration as this may involve several variables or specialized knowledge about what is satisfactory to benefit from the treatment.
[bookmark: _Toc239334273]1.8 Execution of the data management and data analysis
a) Prior to unblinding, data for the primary hypothesis will undergo quality control. This blind review of the data (no information about the treatment/music in the dataset) will be conducted by XXX. As part of this process:
· Timing of the questionnaire will be checked. Tolerance of +/- AA hours otherwise set to missing
· Missing data will be reviewed to verify that the data are indeed missing.
· Abnormal values in outcome XXX will be reviewed.	Comment by Brice Maxime Hugues Ozenne: This is very vague and should be made more specific for each study but typically one reviews the primary outcome (and secondary if times permit) values to check they are plausible (e.g. unit is correct and the same for all)
Any modification of the original database will be documented in YYY. 
b) Descriptive statistics will be performed by XXX on the curated dataset of the entire cohort:
· Presence/percentage of missing data in the … outcome
· … adherence …
 and the study team will then discuss any data inconsistencies, protocol deviations, abnormal values and possibly update of the original dataset. Any update will be reported in the SAP. 
c) XXX will then provide an updated blinded analysis dataset, and the primary (secondary ?) analyses will be conducted by XXX using blinded treatment groups, designated as, for example, Group K and Group L. Analytical issues (e.g. failure of the optimization procedure when fitting a linear mixed model) will be reported to the study team and adjustments or clarifications to the SAP will be considered. Any necessary adjustments or clarifications to the SAP or dataset will be made prior to unblinding the actual treatment allocations.


[bookmark: _Toc239334274]2. Statistical hypotheses
[bookmark: _Toc239334275]2.1 Primary analysis 
This section should list the estimand(s) relevant for the primary analysis. That is to say the population, treatment, variable of interest (endpoint), summary measure (e.g. mean difference) and intercurrent event handling (e.g. regardless to adherence to treatment).  	Comment by Brice Maxime Hugues Ozenne: See Lawrance et al. (2020) https://doi.org/10.1186/s41687-020-00218-5 
And section ’example of parameter of interest’ of the blog post  https://bozenne.github.io/jekyll/update/2023/08/07/SIM.html for examples

Technically, the estimand are one thing, say:
·  the mean difference in 8-weeks HAMD6 between the two randomization groups among women with history of post-partum depression who just gave birth regardless to their adherence to treatment	Comment by Brice Maxime Hugues Ozenne: This formulation is sometimes refered to as FINAL as only the post-baseline measures are compared. Often in clinical trials a baseline measurement is available. Then the ’reference’ approach is called ANCOVA: it compare the final values adjusted for baseline (i.e. substracting the expected change from baseline, expectated had both underwent the same treatment). A classical reference is Vickers 2001 BMJ 10.1136/bmj.323.7321.1123 .
Many other summary metric are possible, e.g. CHANGE comparing the mean change between the groups or AUC comparing the area under the curve of the time serie of the outcome (~ weighted average of the post-baseline measurement).
What to use should be clarified here.	Comment by Brice Maxime Hugues Ozenne: For binary endpoints, it may be the timing that is important to clarified, e.g. proportion who remained depression free during 6 months after delivery.
that we abbreviate with the Greek letter θ. The null hypothesis to be tested is then relative to the estimand, typically:
·  H0: θ=0. 
One often has in mind a one-sided hypothesis, e.g. θ<0 (fewer symptoms). Strictly speaking one should write down the estimand and then explain that the null hypothesis is H0: θ=0 and the alternative is H1: θ<0 while still performing a two-sided test so the p-value is in logical agreement with a confidence interval of finite length (one-sided tests leads to confidence intervals where one of the two bounds is infinity).	Comment by Brice Maxime Hugues Ozenne: Here the subscript 1 refers to ’alternative’ hypothesis. To keep the notation simple, we will drop this distinction null/alternative hypothesis and use the subscript the refer to the primary, secondary, … hypotheses.
In practice I find it reasonable to directly list the hypotheses as the estimand corresponding to the research question, e.g.:
· H1 Among women with history of post-partum depression who just gave birth, the mean 8-weeks HAMD6 is lower when prescribed pill X vs. when prescribed placebo regardless to their adherence to treatment. 
If there are multiple primary hypotheses, they should all be listed with a different name, e.g. use H1 instead of H1,1 and then:
· H1,2: …
-      H1,3
[bookmark: _Toc239334276]

2.2 (key) Secondary analyses 
While the primary analysis relates directly to the study objectives, study design, and power calculation, the secondary analyses have various other functions:	Comment by Brice Maxime Hugues Ozenne: Heavily inspired from D'Agostino, R.B., Sr (2000), Controlling alpha in a clinical trial: the case for secondary endpoints. Statist. Med., 19: 763-766. https://doi.org/10.1002/(SICI)1097-0258(20000330)19:6<763::AID-SIM517>3.0.CO;2-8 
· 1. separate components of the primary outcome: if the primary is the average pain score during follow-up or a total questionnaire score, secondaries may investigate time-specific or domain specific outcomes.
· 2. aiding in understanding the treatment mechanism: for instance investigating which biological quantity mediate the treatment effect
· 3. important outcomes for which the study may not be powered to detect differences: for instance a long-term outcome or an outcome difficult to measure as missing or right-censored data may decrease the statistical power of the study.
· 4. interesting sub-hypotheses that are not a major objective of the treatment
Similarly to the primary analysis, this section should list the null hypotheses/estimands involved in the secondary analyses. If multiple ‘null hypotheses’ may refer to a single research question/function, this is good place to establish the connexion, e.g.:
For research question ….
H2,1
H2,2
And for research question ….
H2,3
H2,4
[bookmark: _Toc239334277]2.3 Multiplicity adjustment 
When to adjust for multiple testing:
There is a consensus that the false positive rate (FWER) of the primary analysis should be controlled (typically at 5%). In many trials, no formal adjustment is needed for the primary analysis as it only involves a single comparison between two groups with respect to one endpoint. Otherwise, e.g. with multiple groups or endpoints, a method should be used to ensure a strong control of the FWER.
How the FWER should be controlled for the secondary analysis is more controversial
· To make a (confirmatory) claim about secondary hypotheses, regulatory agencies such as EMA argue for a single FWER control across the primary and relevant secondary hypotheses. This likely corresponds to function 3 or 4 of the secondary analyses. In ‘academia trials’, I think this case is mostly relevant when the claim will/can be used to directly change medical practice. 	Comment by Brice Maxime Hugues Ozenne: ‘Secondary endpoints which may become the basis for additional claims, significant effects in these endpoints can be considered for an additional claim only after the primary objective of the clinical trial has been achieved, and if they were part of the confirmatory strategy.’
(Section 6.2 https://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-multiplicity-issues-clinical-trials_en.pdf)
· In many ‘academia trials’ secondary hypotheses are either about building new knowledge or would need further confirmation before changing clinical practice. In this context, I find it reasonable to perform a separate FWER control for the secondary hypotheses. 
When not to adjust for multiple testing: supportive analyses
From EMA: “In general, multiple additional analyses on varying subsets of subjects or with varying measurements for the purpose of investigating the robustness of the conclusions drawn from the primary analysis should not be subjected to adjustment for type I error […]. The main purpose of such analyses is to increase confidence in the results obtained from the primary analysis..”	Comment by Brice Maxime Hugues Ozenne: Section 5.2 https://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-multiplicity-issues-clinical-trials_en.pdf
A similar argument against multiple testing adjustment can be used when the aim is to understand the treatment effect (function 1 and 2 of the secondary analyses). Note that if the primary outcome is a composite (e.g. average pain score during follow-up) the point would be to understand the contribution of each element (e.g. what timepoints bring most benefit) and not trying to make a claim for each element (e.g. testing the treatment effect at each timepoint).
· A supportive analysis should not be used to make a claim on its own (e.g. when failing to demonstrate the primary hypothesis). Instead it informs about the robustness/generalizability or mechanism driving the primary analysis.
How to adjust for multiple testing:
There are several procedures to ensure strong FWER control that different in:
· ease of use, availability of confidence intervals	Comment by Brice Maxime Hugues Ozenne: From EMA: “the availability of confidence intervals with correct coverage that allow for consistent decision making with the primary hypothesis testing strategy may be a criterion for the selection of the corresponding multiple testing procedure.” (section 1, https://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-multiplicity-issues-clinical-trials_en.pdf)
· statistical power, assumptions
The most basic is called Bonferroni adjustment which is very easy to perform
· multiply the p-value by the number of tests or, equivalently, divide the critical threshold by the number of tests. See p.adjust() in the R software
It requires no assumption and adjusted confidence intervals are available and informative. It can be represented as follows:
α=5%

α4=1.25%
α1=1.25%

α3=1.25%
α2=1.25%

H2,1
H2,2
H2,3
H2,4


[image: ]Unfortunately, it is often conservative (i.e. ‘over-adjust’), especially when many tests are conducted. It is good to remember that for independent tests, the smallest adjusted  p-value using the Bonferroni is nearly optimal. Technically the Šidák adjustment provides the optimal one but it often very close to Bonferroni and can be anti-conservative when the test statistic are negatively correlated. So Šidák is not recommended but other ‘improvements’ can be relevant:
· Max-test adjustment or Dunnett adjustment: account for correlation between test statistics to obtain a less conservative adjustment. See the figure for an illustration for a raw p-value of 0.0357 which would become 0.107 after Bonferroni adjustment for 3 tests (assumed equally correlated) . Can be anti-conservative in small samples and require dedicated software. Adjusted confidence intervals are available.	Comment by Brice Maxime Hugues Ozenne: Possible reference: 10.1002/bimj.200810425	Comment by Brice Maxime Hugues Ozenne: Possible reference 10.1056/NEJMra1709701 	Comment by Brice Maxime Hugues Ozenne: This is the terminology used by EMA, e.g., see section 5 of https://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-multiplicity-issues-clinical-trials_en.pdf
· Step down procedures such as Bonferroni-Holm: same as Bonferroni for the lowest p-value but less conservative second lowest, third lowest, … p-values. Easy to implement but adjusted confidence intervals compatible with the p-value and that are informative is still a research topic.	Comment by Brice Maxime Hugues Ozenne: Possible reference: https://doi.org/10.1177/09622802251393666
· Step up procedures such as Hochberg: for instance, with two hypotheses and p-values (0.03, and 0.04) Hochberg would reject both while Bonferroni would reject none. It generally provides a gain when all p-values are small (below 5%) but none is very small (below 5%/number of tests). Nevertheless proof that it controls the type 1 error requires a specific dependence between test statistics, typically non-negative correlations. Easy to implement but adjusted confidence intervals compatible with the p-value and that are informative is still a research topic.	Comment by Brice Maxime Hugues Ozenne: Possible reference 10.1056/NEJMra1709701 
An alternative approach is to use a gatekeeping procedure where one hypothesis is tested at a time, and one moves to the next one (lower priority) if and only if the previous one has been rejected.
α=5%

	      No adjustment
	Bonferroni

	Bonferroni-Holm
	Hochberg

	p1=0.04
	pB1=0.160  
(multiply by 4)
	pB1=0.054 
(at least pB2)
	pB1=0.04
(multiply by 1)

	p2=0.019
	pB2 =0.076 
(multiply by 4)
	pB2 =0.054 
(at least pB3)
	pB2=0.038
(multiply by 2)

	p3=0.018
	pB3 =0.072 
(multiply by 4)
	pB3 =0.054 
(multiply by 3)
	pB3=0.038
(at most pB2)

	p4=0.005
	pB4 =0.020 
(multiply by 4)
	pB4 =0.020 
(multiply by 4)
	pB4=0.020
(multiply by 4)


H2,1

H2,3
H2,2

α=5%



α=5%


It is often possible to combine technics, e.g., step-down max-test or gatekeeping used in conjunction with other adjustment technics, e.g., Bonferroni adjust H2,1 and H2,2 and if any is rejected Bonferroni adjust H2,3 and H2,4. This can quickly become technical:
· a graphical representation of the ranking and intended alpha spending is a good start.	Comment by Brice Maxime Hugues Ozenne: See 10.1002/sim.3495 
· there may not be off-of-shelf software solutions. 
· carefully consider whether the gain in statistical power worth the complexity and loss in transparency.



[bookmark: _Toc239334278]3. Analysis set
Full analysis set: all randomized subjects	Comment by Brice Maxime Hugues Ozenne: When not true, e.g. due to post-randomized exclusion, then add ‘Randomized set’ or ‘post-randomized exclusion’ including all randomized subjects that will be used for descriptive.
From FDA guidelines on post-randomization exclusion 	Comment by Brice Maxime Hugues Ozenne: E9 Statistical Principles for Clinical
Trials
https://www.fda.gov/media/71336/download
“There are a limited number of circumstances that might lead to excluding randomized subjects from the full analysis set, including the failure to satisfy major entry criteria (eligibility violations), the failure to take at least one dose of trial medication, and the lack of any data post randomization. Such exclusions should
always be justified. Subjects who fail to satisfy an entry criterion may be excluded from the analysis without the possibility of introducing bias only under the following circumstances:
(a) The entry criterion was measured prior to randomization. 
(b) The detection of the relevant eligibility violations can be made completely objectively. 
(c) All subjects receive equal scrutiny for eligibility violations. (This may be difficult to ensure in an open-label study, or even in a double-blind study if the data are unblinded prior to this scrutiny, emphasizing the importance of the blind review.) 
(d) All detected violations of the particular entry criterion are excluded.”
Because of the unpredictability of some problems, it may sometimes be preferable to defer detailed consideration of the manner of dealing with irregularities until the blind review of the data at the end of the trial, and, if so, this should be stated in the protocol”
Efficacy set: all randomized subjects who completed the 2-hour intervention. 	Comment by Brice Maxime Hugues Ozenne: Efficacy measures how well an intervention works under ideal, controlled conditions, while effectiveness measures how well it works in everyday, real-world use.
So the full analysis set could also be called effectiveness set.
From FDA guidelines on full analysis set vs. efficacy set: 
[In superiority trials] ‘the use of the full analysis set provides a conservative strategy […] However, in an equivalence or noninferiority trial, use of the full analysis set is generally not conservative and its role should be considered very carefully’ 
Intuitively if there is a substantial and similar deviation to treatment protocol in both group, one may have ITT equivalence but this is more based on deviation than on the treatment comparison itself.
When doing a per-protocol / efficacy analysis, excluding subjects because of non-compliance may not be wise. Consider a study where the primary endpoint is the area under the curve of the anxiety during intervention day which lasts 4 hours. A subject who stop complying to the protocol (say take rescue medication or refuse to continue treatment) after 2 hours has perfectly valid observations during the first two hours. Data is only invalid beyond the 2nd hour. Instead of excluding the subject, one should set the post 2 hours ‘invalid’ data to missing and find a good way to handle such missing data. This avoid discarding good data (better powered) and is less prone to selection bias. It also corresponds to a clearer population ‘all randomized subjects had they all complied to protocol’ (at the cost of being in an hypothetical world).
[bookmark: _Toc239334279]

4. Statistical analyses
[bookmark: _Toc239334280]4.1 General considerations
The primary analyses of efficacy and safety endpoints will be analyzed using the full analysis set (according to the intention-to-treat principle).
…
Hierarchical testing will use as significance level 5%. Upon failure to reject (p-value greater than 5%)  for a given hypothesis, the null hypothesis testing will stop. Subsequent hypothesis will be reported with estimated treatment contrast and standard error but without P values. No decision or claim will be made regarding these hypotheses & endpoints, they may only be used descriptively.	Comment by Brice Maxime Hugues Ozenne: If used what to do upon failure should be clarified
…
All tests that will be performed will be two-sided even when the research question or background knowledge corresponds to a directional hypothesis.  This is to ensure logical consistency between p-values and confidence intervals (CIs) while having CIs with a finite lower and upper bound. Unadjusted p-values will be reported as p=… and p-values  adjusted for multiple testing as padj=…. Two sided confidence intervals will be reported as [lower bound; upper bound] at level 95%. When adjusted for multiple testing they will be reported as [lower bound; upper bound]adj. 	Comment by Brice Maxime Hugues Ozenne: CIs for one sided tests are half open, i.e. the upper bound (when testing for superiority) is + \infty.
Testing one-sided but reporting two sided Cis can lead to a CI containing 0 (i.e. no rejection) while p<0.05 (i.e.) rejection which is confusing.
…
[bookmark: _Toc239334281]4.2 Software
The R software version X.X.X or newer will be used for the analysis using R extensions (add-on packages) available on CRAN (https://cran.r-project.org/).
One could provide much more details, e.g. software for data storage, but I haven’t seen it being very relevant (yet?). In case of complicated data (images) it can be useful to specify the format in which the data will be exchanged. This is mostly so that all actors part of the analysis agree on it.
[bookmark: _Toc239334282]4.3 Handling of intercurrent events
For each intercurrent event listed in section 1.5, describe (possibly using the table below) how it will be handled in the analysis.
· For the intention to treat (ITT) ‘modifying events’ are generally handle using the observed value, i.e. the analysis is made regardless to the occurrence of the intercurrent event (treatment policy)
· For truncating events, the intention to treat cannot be applied due to the lack of available data. When the event only prevented the measurement from occurring but not to exist (e.g. sleep, seizure) one may resort to statistical modeling to obtain values ‘had the intercurrent event not occurred’ (hypothetical strategy), though this can be misleading if the intervention influences the occurrence of the intercurrent event. 
Alternatively, one can add the intercurrent event as part of the aim, leading to a broader or less precise research question (composite strategy). For instance when death occurred while evaluating quality of life (QoL) the first year of treatment one could ask “at a 1 year horizon, is the treatment beneficial in term of survival time or among survivors, in term of quality of life”.
Other strategies may use the last available value before the intercurrent event (while alive) which can be seen as last observation carried forward (LOCF). This should be used with caution as it could give a misleading view if there is a time trend (e.g. quality of life decreases over time so LOCF ‘provides an advantage’). One can also restrict the analysis to the subgroup not experiencing the intercurrent event: either observed not to (e.g. survivers) but this can lead to selection bias or that would not have had an intercurrent event under any  treatment (Principal stratum) – requires extra-assumption and not straightforward to perform.

	Table Y. Strategies to handle intercurrent events

	Intercurrent event
	Primary estimand
	Secondary 
estimand 1
	Secondary 
estimand 2
	Secondary 
estimand 3

	Nonadherence 
	Treat. policy
	Treat. Policy
	Hypotheticalα
	Treat. policy

	Treatment crossover
	Treat. policy
	Hypotheticalα
	Hypotheticalα
	Treat. policy

	Pregnancy
	Treat. policy
	Treat. Policy
	Hypotheticalα
	Treat. policy

	Suicide
	Compositeβ
	While-alive
	Compositeβ
	Compositeβ

	Other death
	While-alive
	While-alive
	While-alive
	While-alive


αThe hypothetical setting for non-adherence includes for example if they were reminded every day to take their medication or if it is due to non-severe, treatable side effects, treatments were provided.
βThe composite strategy where patients die by suicide during the study period include assigning them a composite outcome value equal to the maximum between their highest clinical score observed during the study period and lower limit of severe depression in the outcome scale used by the estimand (e.g. 12 for the primary estimand).

[bookmark: _Toc239334283]4.4 Handling of missing data
This section can be confusing at first as it seems to repeat the previous subsection since truncating events leads to missing data. Instead of repeating, it should clarify:
· what to do with missing data where the cause is unknown (e.g. drop-out). Those were not part of the previous subsection.
· what to do in case of missing data occurring after an intercurrent event for which the treatment policy has been chosen. Because the intercurrent event can be informative for the missing data value, the strategy elaborated in (i) may seems sub-optimal. For instance in a weight loss trial, if the participant stop adhering to treatment, their weight may be expected to increase even though the treatment group has a decreasing weight trajectory.
The analysis will aim to emulate the results that would have been obtained had there been no missing data. These missing values may arise due to emigration of a participant, technical issues preventing a measurement, or measurement not satisfying quality control. For the primary and the key secondary analyses only missing outcome values are expected as the other variables should be measured at baseline.	Comment by Brice Maxime Hugues Ozenne: Maybe not true in case of complex measurements (e.g. medical imaging)
Events preceding drop-out will be used to inform about the likely cause of drop-out and the analytic strategy used to handle this case. Table X summarizes the possible cases:
	Table X. Strategies to handle missing data

	Cause of missingness
	Primary estimand
	Secondary 
estimand 1
	Secondary 
estimand 2
	Secondary 
estimand 3

	Unknown 
	FIML
	FIML
	IPCW baseline covariates
	Cox

	Nonadherence 
	MI-RD
	MI -RD
	-
	Time dependent Cox

	Treatment crossover
	MI -RD
	-	Comment by Brice Maxime Hugues Ozenne: No missing data as handled by a hypothetical strategy
	-
	Time dependent Cox

	Pregnancy
	FIML
	FIML
	-
	Time dependent Cox


FIML: Full Information Maximum Likelihood via a linear mixed model or a latent variable model. This can be understood as imputing the average value among subjects with similar covariates and outcome (ignores cause of missingness even if known).
MI-RD: multiple imputation guided by subject experiencing the intercurrent event but having full follow-up. For instance add an extra group to the linear mixed model with subjects experiencing the intercurrent event to extrapolate the trajectory of those with missing value.
IPCW: Inverse Probability of Censoring Weights. This can be seen as transferring the weight of subject with missing outcome to those with similar covariates. When referring to an intercurrent event, if one has a few subjects with the intercurrent event and full follow-up, one can use those to represent the subjects with missing values.
Cox: Cox proportional hazard model which assumes that the individuals still at risk can be used to represent those who drop-out of the study, when sharing the same baseline covariates. The time dependent version split the follow-up before and after the cause of missingness to model a different baseline hazard (relevant when some subjects with the intercurrent event have complete follow-up).
LOCF: last observation carried forward
Worse case/Best case: assign the lower limit/upper limit of severe depression/depression remission.
MI: multiple imputation guided by the cause of missingness.
4.5 main analysis
For the first draft, it may be easier to have in mind the idealized trial with no missing data  nor intercurrent events. This should help explicit what you have in mind via standard tests (e.g. t-test).
If doing so, flag the anticipated complication(s) so the statistician can adjust the text such that the ‘less-standard but handling complications’ procedure would match the standard test had there been no complications.
In the case of an RCT with a continuous outcome measured at baseline and follow-up:
· without missing data, without covariates: the gold standard to compare mean outcome values between groups is ANCOVA. It regresses the follow-up of interest vs. baseline and randomization group. Intermediate follow-up measurements of the outcome are not useful. 	Comment by Brice Maxime Hugues Ozenne: Vickers 2001 BMJ 10.1136/bmj.323.7321.1123 .
· without missing data, with covariates: the gold standard to compare mean outcome values between groups is ANCOVA again, but now one also adjusts on the baseline covariate values (without interaction with group). If one is willing to assume a constant association between the outcome and covariate values, intermediate follow-up measurements could be used to gain precision in estimating the covariate association via a linear mixed model (see with missing data, with covariate below).
· With missing data, without covariates: the LMM equivalent of an ANCOVA is to fit a baseline-constrained LMM with an unstructured covariance matrix. This means having an interaction treatment:time in the mean structure. I personally favor stratifying the unstructured covariance matrix on randomization group to gain in flexibility on how missing data are handled: baseline/follow-up may be more correlated under placebo than active. Importantly here incorporating intermediate follow-up measurement is helpful as it relaxing the Missing at Random assumption (MAR), allowing missingness to depend on post-baseline outcome observations.	Comment by Brice Maxime Hugues Ozenne: Treatment is not the same as randomization group! It takes the same value in both groups at baseline (say placebo) and only in the follow-up the value is group specific (say placebo or experimental). This constrains the fit to have the same baseline value - in line with the fact it was a randomized experiment.	Comment by Brice Maxime Hugues Ozenne: Ideally it should be treatment but software-wise it can be tricky to implement and it often does not make a big difference.
· With missing data, with covariates: the LMM equivalent of an ANCOVA is to fit a baseline-constrained LMM with an unstructured covariance matrix and interaction between covariates and time. Similarly as before, I would suggest stratifying the covariance structure on treatment. Often it is also unlikely that the outcome – covariate association vary over time so I would drop the interaction or maybe only specific an interaction with baseline (yes/no) instead of time.	Comment by Brice Maxime Hugues Ozenne: https://doi.org/10.1007/s43441-021-00348-y
For the main analysis, when the statistical procedure involves complex iterative procedures (no closed-formed solution), it can be wise to mention a procedure in case of failure of the iterative procedure, e.g.:
The model will employ an unstructured variance–covariance matrix (stratified by randomization group) for within-subject measurements. If convergence issues arise during likelihood optimization, simpler covariance structures will be explored, such as removing stratification, using a less flexible covariance pattern (Toeplitz instead of Unstructured), or limiting the model to fewer measurement timepoints.
4.6 Sensitivity analyses
Sensitivity analyses will be conducted to evaluate the robustness of the results to the approach used to handle missing data. These sensitivity analyses include:
(i) Jump to reference: subject discontinuing the active treatment will be imputed as if they belonged to the control group after drop-out.
(ii) …
The robustness to the intervention, e.g. using per protocol or full adherence intervention instead of intention to treat, can also be evaluated.
Other sensitivity analyses may investigate the robustness to the strategies used to hand intercurrent events.


4.7 Secondary hypotheses






[bookmark: _Toc239334284]5. Supplementary analyses
[bookmark: _Toc239334285]5.1 Safety evaluations
Even if it is usually ignored, missing data consideration also apply to safety! Otherwise a treatment leading to a lot of drop-out or early death may look artificially good because subjects ‘do not have time’ to experience side effects.
From EMA: “In the case of adverse effects, p-values are of very limited value as substantial differences (expressed as relative risk or risk differences) require careful assessment and will in addition raise concern, depending on seriousness, severity or outcome, irrespective of the p-value observed. 	Comment by Brice Maxime Hugues Ozenne: Section 5.4 https://www.ema.europa.eu/en/documents/scientific-guideline/draft-guideline-multiplicity-issues-clinical-trials_en.pdf
A non-significant difference between treatments will not allow for a conclusion on the absence of a difference in safety. In other words, in line with general principles, a non-significant test result should not be confused with the demonstration of equivalence.
In those cases where a large number of statistical test procedures are performed to serve as a flagging device to signal a potential risk caused by the investigational drug it can generally be stated that an adjustment for multiplicity is counterproductive for considerations of safety.”
.
[bookmark: _Toc239334286]5.2 Exploratory analyses 
[optional] only relevant if there is something specific to pre-register. 

[bookmark: _Toc239334287]6. Trial monitoring and Interim analyses
[optional] Two types of monitoring:
Quality check (no need to break blinding): review the data, e.g.: 	Comment by Brice Maxime Hugues Ozenne: From https://www.fda.gov/media/71336/download
· whether the protocol is being followed
· the acceptability of data being accrued
· success of planned accrual targets, 
· appropriateness of the design assumptions
· success in keeping patients in the trials
to possibly adjust the data collection procedure:
·  e.g., reduce or increase the number of salivary samples to measure cortisol depending on the observed noise level or feedback from participants (too many measurements may lead to drop-out and thus compromise the trial). 

Interim analysis (break blinding): test the primary hypothesis to stop the trial early for efficacy or futility. Prone to bias and type 1 error inflation if not dedicated statistical plan is pre-specified. This may include:
· the number of interim analyses
· what event triggers the interim analysis: calendar time, number of participants recruited, number of events observed (e.g. death, depression), …
· who will perform the analysis at interim, ideally a data safety and monitoring committee independent (DSMB) of the sponsor/research team. They may not only look at efficacy but also safety/secondary endpoint so enough data needs to be accumulated for both to successfully stop the trial (even though formally only safety may be tested). The DSMB should be made aware of the study design & methodology for interim analyses, have the possibility to comment and suggest revisions, and ultimately approve it. ONLY the DSMB should be unblinded at interim and it should not be expected to provide results at interim that can unblind the sponsor/research team. They will ‘just’ say stop or continue the trial without further detail about the magnitude or statistical significance of the estimated intervention effect.	Comment by Brice Maxime Hugues Ozenne: ‘Investigators should be informed only about the decision to continue or to discontinue the trial, or to implement modifications to trial procedures.’  (https://www.fda.gov/media/71336/download)
· methodology used to adjust for multiple testing of the p-value/confidence intervals/estimates at interim and final analysis.
· incomplete data at interim (pipeline patients) and need for a decision analysis.	Comment by Brice Maxime Hugues Ozenne: e.g. see Baayen 2025, Stat Med, 10.1002/sim.70130 
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[bookmark: _Toc239334289]Appendix A. R code for primary outcome analyses  
This R script runs based on a dataset called df.xxxx with columns: xxxx

[bookmark: _Toc239334290]Primary analyses 

## Load R packages 
library(xxxx) 
library(xxxx) 
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