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[bookmark: Abstract]Abstract
Objectives:
Clinical Trial Data Sharing has improved a lot recently, but its implementation is still not optimal. This limits the ability to verify the reproducibility of trial results, which is needed to indicate it as trustworthy and robust.
The cross-sectional study –whose protocol we describe here– will analyse the level of data sharing and reproducibility of main studies that supported EMA authorizations of oncological medicines.
It will also evaluate the robustness of their conclusion due to different censoring rules and attrition bias.
Design:
We will first identify all oncologic indications –new drugs or extension of indications– that received a positive opinion from the CHMP between January 01, 2020, and December 31, 2024. Then we will identify all RCTs referred to as ‘main studies’ in the European public assessment report and randomly sample 60 of them.
For each sampled RCT we will ask for IPD, protocols and information on how the study was conducted, which will be used to reanalyse the two main oncological endpoints (overall survival [OS] and progression-free survival [PFS]) of each trial for estimand, effect size, p-value and conclusion. Two independent researchers will discuss whether the differences between the original analysis and ours affect the conclusion and if the study can be considered reproducible.
Afterwards, we will analyse the impact of censoring for OS and PFS, performing a reverse Kaplan-Meier analysis to assess the presence of differential censoring and risk of attrition bias. Finally, we will re-analyse the IPD using different ways to handle censoring and compare the results to evaluate the robustness of the study.
Results:
The first outcomes we will report are the proportion of trials for which we will be granted access to the data requested and the percentage of studies reproduced for OS and PFS.
We will also review the different censoring rules used among the studies to identify patterns. Then we will use them to compare the results for both endpoints under different rules and report the proportion of studies not robust to censoring rule change and the impact that different rules have in terms of OS or PFS, together with the proportion of studies that present informative censoring.
Conclusions:
Confirming the reproducibility of trial results is needed to increase trust in research. In the case in which the trials will not be reproducible, recommendations on how to improve reproducibility would be provided, which will hopefully help to improve reproducibility in the future.

[bookmark: List_of_abbreviations]List of abbreviations

	ATC
	Anatomical Therapeutic Chemical

	CHMP
	Committee for Medicinal Products for Human Use

	CI
	Confidence Interval

	DFS
	Disease-free survival

	EMA
	European Medicines Agency

	EU
	European Public Assessment Report

	FDA
	Food and Drug Administration

	ICH
	International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use

	IPD
	Individual Patient Data

	KM
	Kaplan-Meier

	MAA
	Marketing Authorisation Application

	OS
	Overall Survival

	PFS
	Progression-Free Survival

	SAP
	Statistical Analysis Plan



[bookmark: Background]Background

In the past few years, there has been a lot of discussion about the relevance of sharing clinical trial data for the advancement of research and rightfully so. Data sharing is in fact fundamental to reuse data, which is extremely useful to (i) avoid duplicate studies, (ii) perform meta- analysis, (iii) test alternative research hypotheses and (iv) explore different analytical methods using the same dataset [1].
Significant progress has been made in the field of data sharing. For instance, in 2018, the International Committee of Medical Journal Editors (ICMJE) has started to request that “manuscripts submitted to ICMJE journals that report the results of clinical trials must contain a data sharing statement” [2]. More recently, in 2024, BJM adopted an even stricter policy about data sharing, requiring that “authors of all submitted trials to post relevant trial data in an enduring, publicly accessible repository” [3]. While data sharing is now widely recognised as extremely important for advancing research and providing new insights, its implementation is still not optimal.
This project aims to analyse the level of data sharing and reproducibility of clinical trials, with a closer focus on main studies that led to EMA approval in the oncological field. Main studies represent the most fundamental part in the process for a drug to be granted market authorization, as they are the studies on which the decision of the Committee for Medicinal Products for Human Use (CHMP) is based.
The relevance that these studies have for the authorization process indicates that it is important that their findings are robust and verifiable, and that the data obtained in these trials should be made available also to other researchers.
Given the prominent role main studies play on marketing decision, this project’s focus is on understanding how reproducible the analyses that have led to EMA-approved oncological medicines are, and we will do so using the same material and methods as described in the studies that we will reproduce.
A similar work has been done in an earlier paper [4], where the authors hypothesized that at least half of the studies would have been reproducible. This has not shown itself to be true as they obtained the necessary material only for 10 studies out of 62.
There are many reasons why a trial could be labelled as not eligible for data sharing and one of the most common is because follow-up data collection is still ongoing. This is extremely relevant in the context of anticancer treatments, where long-term follow-up of clinical trials is essential.
A study from 2021 [5] focused on the level of data sharing by pharmaceutical companies for anticancer drugs developed in the previous 10 years, and showed that, while 45% of the trials were eligible for data sharing, the most common reason for lack of eligibility was the

presence of follow-up studies. However, the presence of long-term follow-up should not be seen as an obstacle to sharing the already existing Individual Patient Data (IPD) because “If the trial data are sufficiently mature to support widespread use of the drug, they must also be sufficiently mature to be shareable with the public for assessment” [6].
The low eligibility rate for data sharing, especially in oncological trials, is worrisome also because not all the studies labelled as eligible for IPD request always share sufficient information. A study published in 2023 showed that out of the 203 clinical trials on the FDA- approved anticancer medicines for the treatment of solid tumours from the past decade, 91 were considered eligible for IPD request, but in the end, only 70 IPD packages with great variability of completeness of key data and supporting documents, were obtained. This is 34% of the original number of trials [7].
We used the results from the above-mentioned study together with the ones from the paper of Siebert et al. to estimate the proportion of reproducible studies (meaning that the results of the original trial can be reached by external researchers with the data provided by the sponsor), which we used to calculate the sample size needed for this project [4].

[bookmark: Methods]Methods
To adhere to the principles of Open Science, this research protocol will be prospectively registered on the Open Science Framework platform (https://osf.io) prior to any data collection. Any deviation from the preregistered protocol will be transparently reported, including the date of the amendment and the reasons that prompted the modification.
[bookmark: Objectives,_endpoints_and_analysis_sets]Objectives, endpoints and analysis sets
The objectives and endpoints of this meta-study are presented in Table 1. While the objectives are listed in “chronological order”, the primary objective of this meta-study focuses on the reproducibility of results for the two main efficacy endpoints in oncology, i.e.,
1. Overall survival [OS]
2. Progression-free survival [PFS] – or disease-free survival [DFS] – depending on whether the setting is metastatic or adjuvant
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Table1: objectives, endpoints and analysis sets of this meta-study




	Objectives
	Endpoints
	Analysis sets

	To evaluate access to IPD
	Percentage of ‘main studies’ for which the IPD is obtained within one
year of our initial request
	Full analysis set: All main studies for
which IPD have been requested

	To assess the number of trials with an amendment on the two main efficacy endpoints:
· OS
· PFS | DFS
	Percentage of ‘main studies’ for which an amendment (e.g., reordering endpoints, censoring rules, event definitions, or statistical analysis method) was implemented between the date of the first patient inclusion and the date of the final analysis, specifically for the evaluation of:
· OS
· PFS | DFS
	Protocol set: All main studies for which IPD have been requested and for which the protocols are available (initial version and the version of the protocol in force at the time of analysis)

	To re-analyse the results according to the study protocol for the two main endpoints used in oncology:
· OS
· PFS | DFS
	Percentage of ‘main studies’ for which
· Results on OS is reproductible
· Results on PFS | DFS is reproductible
	Full analysis set

	To assess the proportion of studies with significant differential censoring according to the censoring rules used in the protocol for the main analyses of the two main endpoints:
· OS
· PFS | DFS
	Percentage of ‘main studies’ for which the reverse Kaplan-Meier (KM)
[8] is significant for
· OS
· PFS | DFS
	IPD set: all studies for which IPD are available

	To re-analyse under different ways to handle censoring
· OS
· PFS | DFS
	Percentage of ‘main studies’ for which
· all sensitivity analyses on OS led to conclusions consistent with the main analysis
· all sensitivity analyses on PFS | DFS led to
conclusions consistent with the main analysis
	IPD set



[bookmark: Identification_of_therapeutic_indication]Identification of therapeutic indications approved by the EMA
CHMP opinions on marketing authorisation applications [MAA] will be retrieved from the European Medicines Agency [EMA] website, specifically from the ‘Meeting highlights from the Committee for Medicinal Products for Human Use [CHMP]’ pages (Appendix 1). Therapeutic indications will be included if
(i) they received a positive opinion from the CHMP between January 01, 2020, and December 31, 2024,
(ii) they concerned new medicines or an extension of indication, and
(iii) the approved product is classified as an antineoplastic agent (ATC code L01) or as an endocrine therapy (ATC code L02; this class includes medications used in hormonal therapies to treat hormone-dependent cancers.).
Authorizations involving biosimilar, generic or hybrid medicines will not be included. Besides, the selection using the ATC code L01 and L02 enables a simple and reproducible selection of antineoplastic agents and endocrine therapy while excluding diagnostic products used in oncology; but a careful review of the indications will be done to exclude anticancer drugs used outside of oncology therapeutic area (e.g., hydroxycarbamide in sickle cell disease or nintedanib in idiopathic pulmonary fibrosis). Furthermore, extensions of indications where only the age has been modified will also be excluded (e.g., in June 2024, the CHMP approved the modification of the lower end of the age range from ≥6 years to ≥1 year for Xalkori; this extension of indication is not based on safety or efficacy data but on the results from biopharmaceutic studies).
[bookmark: Main_studies]Main studies
For each indication included, the European Public Assessment Report [EPAR] will be used to collect all studies designated as ‘main studies’. Indeed, these ‘main studies’ are deemed decisive by EMA for granting marketing authorization. At this stage, ‘main studies’ with none of the two primary oncology endpoints – OS and PFS | DFS – and non-randomized ‘main studies’ will be excluded and classified as non-evaluable studies for the purpose of our study. For each ‘main study’, trial characteristics will be extracted on a standardized spreadsheet. When possible, data will be automatically extracted from ClinicalTrials.gov (e.g., sponsor, study start date, primary completion date, allocation, study design, masking, IPD sharing URL, information on data sharing policies). For manually collected data, two independent researchers will extract the trial characteristics. In cases of disagreement, a third independent reviewer will arbitrate. The data extraction sheet will be pilot tested on 10 studies before being validated.
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[bookmark: Sample_size_calculation]Sample size calculation
An earlier audit of data sharing by pharmaceutical companies for oncology trials [5] – covering trials that supported US Food and Drug Administration (FDA) approvals between January 2011 and June 2021 – found that 45% of these trials were eligible for IPD sharing. The authors then focused on trials involving solid tumours and requested access to the 91 trials eligible for IPD sharing, successfully obtaining 70 IPD datasets [7]. Consequently, for the 203 trials involving solid tumours, the expected proportion of trials with accessible IPD is approximately 34%. Based on this figure, a sample size of 60 ‘main studies’ should allow for obtaining around 20 IPDs for reanalysis. In the worst-case scenario for precision estimations – i.e. if the percentage is 50% – this sample size (N = 60) will ensure that the half-width of the 95% confidence interval [CI] is less than 13%.

	N = 60
	%
	Half-width of the 95% CI

	
	34%
	12

	
	50%
	12.7



During the protocol drafting phase, extraction of indications that received a positive opinion from the CHMP between 2020 and 2024 identified approximately 200 indications for products classified under ATC L01 or ATC L02. Considering that there will be between one and three ‘main studies’ per indication, and that approximately half will be RCTs, over 60 RCTs considered as ‘main studies’ will be identified. Therefore, the selection of the 60 studies, from which IPD will be requested and subsequently reanalysed, will be conducted through random sampling, using the sampling function sample() implemented in R.
[bookmark: IPD_request]IPD request
For all randomly ‘main studies’, one reviewer will contact the official sponsors – either directly or via the appropriate platform such as Vivli or Yoda – to collect all the following documents essential for the reanalysis: (i) IPD and data dictionary, (ii) the initial version of the protocol,
(iii) the version of the protocol in force at the time of analysis, (iv) the summary of changes to protocol (v) the statistical analysis plan (SAP), and (vi) the clinical study report.
To this end, the reviewer will send a standardized email (Appendix 2) introducing the research project and providing a link to the pre-registered protocol on the Open Science Framework. To improve the response rate, up to four emails will be sent: the initial email (see Appendix 2) followed by three reminder emails, spaced two weeks apart.
In this part of the project, information on the data sharing policy of the sponsor will also be collected. It will first be recorded whether the sponsor has a data sharing policy or not, then the process through which the IPD can be obtained will also be recorded as well as, when present on the sponsor website, also the phrasing of the data sharing policy.

[bookmark: IPD_not_acquired]IPD not acquired
If the sponsor (and/or the platform) refuses to share the IPD, or if the sharing process has not started within one year of our initial request, we will consider the IPD as inaccessible, and therefore the ‘main study’ in question as non-reproducible. Reason(s) for not providing IPD packages will be documented.
[bookmark: IPD_acquired]IPD acquired
For each trial for which the IPD is obtained, the request procedures and data acquisition timeline will be described.
[bookmark: Protocol-compliant_re-analysis]Protocol-compliant re-analysis
[bookmark: Reanalysis]Reanalysis
Once the documents are received, one reviewer will re-analyse the two main oncology endpoints –OS and PFS | DFS. First, for each study, the amendments related to the two main endpoints will be described and then, the re-analysis will be conducted following the protocol and the SAP in force at the time of analysis presented in the MAA.
If the protocol and | or SAP provide insufficient information regarding the analysis of the OS and the PFS | DFS, best practices in clinical research will be applied in accordance with the International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH) Guidelines [9].

[bookmark: Procedure_to_assess_reproducibility]Procedure to assess reproducibility
For each endpoint, the following characteristics will be detailed: (i) any deviations from the initial protocol that could influence the effect size, (ii) estimand (iii) effect size [HR with 95% confidence interval], (iv) p-value, and (v) conclusion (positive or negative). Then, these results will be compared with the results reported in the EPARs. If these results are unavailable in the EPAR, the comparison will be made with the clinical study reports, and if those are also unavailable, with published articles. All results from the available documents (EPARs, study reports, and articles) will be compiled and presented in the results section.
Interpreting an RCT requires clinical expertise that extends beyond quantitative factors. Therefore, the reproducibility of the results will be evaluated using the same procedure as described in the paper by Siebert et al.[4]. This requires that two independent researchers with expertise of the field will discuss whether quantitative changes affect the conclusions. If they agree that the conclusions remain consistent, the study will be considered reproducible. If they disagree, the underlying factors contributing to the discrepancy will be examined and the analysis may be repeated after addressing these differences. If they find the results consistent, the study will be considered reproduced with verification. Otherwise, the results will be considered as not reproduced.

Once all the trials have been re-analysed, the percentage of reproducible studies will be calculated:
1. success: reproduced and reproduced with verification for both OS and PFS
| DFS;
2. failure: not reproduced for at least one endpoint or IPD not available.
All analyses will be performed using the open-source statistical software R (R Development Core Team) and the code will be made available on the Open Science Framework platform.

[bookmark: Procedure_to_assess_significant_differen]Procedure to assess significant differential censoring
Significant differential censoring will be assessed using the reverse Kaplan-Meier analysis [8]. This type of analysis reverses the status of individual patients – (i.e., events and censoring are switched) and uses these reversed statuses to calculate the reverse HR based on this reverse KM curve. A significant reverse HR (i.e., < 0.05) indicates a censoring imbalance between study arms and therefore suggests a potential presence of informative censoring and therefore of attrition bias [10].
[bookmark: Re-analysis_using_different_censoring_ru]Re-analysis using different censoring rules
In the second part of the study, sensitivity analyses – using different censoring methods – will be performed to assess the impact of patient attrition bias on OS and PFS | DFS. Censoring rules can indeed vary depending on how they account for (i) progression after a prolonged interval without assessment, (ii) initiation of a new anticancer therapy, (iii) early discontinuation [11]. Furthermore, censoring rules can be applied identically across both arms, or more conservative assumptions – such as worst-case analysis– can be applied to the experimental arm.
The first task will be to review the protocols of the selected ‘main studies’ and identify different patterns regarding the censoring rules. These censoring rules will then be used for sensitivity analyses. The censoring rule recommended by the FDA – if not used for the primary analysis – will also be used for sensitivity analyses.



[bookmark: Appendix_1:_Table_of_therapeutic_indicat]Appendix 1: Table of therapeutic indications receiving a CHMP positive opinion

	Column
	Description
	Sources

	Month and Year
	Month and Year of the CHMP opinion
	EMA website

	URL Highlights
	URL of the meeting highlights from the Committee for Medicinal Products for Human Use (CHMP)
	EMA website

	New medicines | Extensions of indications
	
	EMA website

	Name of medicine
	Brand name
	EMA website

	International non-proprietary name (INN)
	
	
Automatically extract from medicines output table [12]

	Therapeutic area (MeSH)
	
	

	Pharmacotherapeutic group
	
	

	ATC code
	
	

	ATC code WHO
	
	In case of missing data on the medicines output table, manual research on the WHO website [13]

	ATC_L01|L02
	Yes | No according to the columns ATC code or ATC code WHO
	

	Therapeutic area in (haemato)- oncology
	Yes | No according to the columns Therapeutic area
	

	URL EPAR
	
	

	Indication
	Indication mentioned in the summary of opinion
	Summary of opinion

	Number of main studies
	Number of main studies supporting the application. The main studies are listed in the paragraph Scientific discussion > Clinical efficacy > Main study
	EPAR

	Study identifier
	Study identifier of the main studies
	EPAR

	NCT
	ClinicalTrials.gov ID
	EPAR or clinicaltrial.gov

	EudraCT
	If NCT not available
	EPAR or www.clinicaltrialsregister.eu/ctr- search/search
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[bookmark: Appendix_2:_Standard_request_email]Appendix 2: Standard request email

Month, Date, 2025 Object:

To whom it may concern,
I am a PhD student at XX University under the supervision of XX. My research team and I are interested in re-analysing the main endpoints used in oncology in pivotal studies that have been submitted to the EMA.
Your study ‘XXXX’ reported in the EPAR “XXX” is one such trial and has been selected for re- analysis. Therefore, I would greatly appreciate if you could share the following documents from the trial with us: (i) IPD and data dictionary, (ii) the initial version of the protocol, (iii) the version of the protocol in force at the time of analysis, (iv) the statistical analysis plan, and (v) the clinical study report.
If there is a specific process to obtain the IPD, could you please share it with us so that we can proceed with our data request.
If you cannot share any of these data, please indicate the reason for not sharing.
If there are any questions do not hesitate to write to us or to consult our preregistered protocol under the following link: XXX.

Best regards,


XX 
14

Ethics approval and consent to participate: Not applicable
Availability of data and materials: All the data supporting the findings of this study will be accessible through our link to the Open Science Framework once the article is published, except for the IPD. For each study we will describe the process followed to obtain the IPD. Additionally, interested researchers are welcome to contact the corresponding author via email for further information.
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