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[bookmark: _Toc199066963]Abbreviations
	BSC
	Best supporting care (BSC)

	BC
	Bladder Cancer

	BMI
	Body Mass Index

	CCI
	Charlson Comorbidity Index

	CDM
	Common Data Model 

	DQD
	Data Quality Dashboard

	DT
	Diagnosis to Treatment Interval

	EAU
	European Association of Urology

	ECOG
	Eastern Cooperative Oncology Group

	EMA
	European Medicines Agency

	ENCePP
	European Network of Centres for Pharmacoepidemiology and Pharmacovigilance

	ESMO
	European Society for Medical Oncology 

	GC
	Gemcitabine + Cisplatin

	GemCarbo
	Gemcitabine + Carboplatin

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

	IQR
	Interquartile Range

	ICI
	Immune Checkpoint Inhibitors

	KPS
	Karnofsky Performance Status

	LoT
	Line of Treatment

	mBC
	Metastatic Bladder Cancer 

	MVAC
	Methotrexate, Vinblastine, Doxorubicin, Cisplatin

	OHDSI
	Observational Health Data Sciences and Informatics

	OMOP 
	Observational Medical Outcomes Partnership

	OS 
	Overall Survival

	PD-L1
	Programmed Cell Death Ligand 1

	PS
	Performance Status 

	RWD
	Real World Data 

	RWE
	Real World Evidence 

	SD
	Standard Deviation

	TFI
	Treatment-Free Interval

	TTNT
	Time to Next Treatment

	TTD
	Time to Treatment Discontinuation
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[bookmark: _Toc199066965]Abstract
[bookmark: _Toc186548096][bookmark: _Toc199066966]Background and significance
[bookmark: _Toc186548097]Clinical guidelines are primarily informed by randomized controlled trials, which often lack the complexity and diversity of real-world clinical scenarios. Real-world evidence (RWE) can provide valuable insights into guideline applicability, adherence, and treatment outcomes but has not been systematically integrated into clinical guideline development processes.	Comment by Kees Ebben: To strictly measure adherence, the time periods during which individual recommendations within a guideline are prevailing must be aligned with diagnosis data from real-world sources. Furthermore, explicitly measuring 'adherence' can imply that higher rates are inherently better, whereas—especially in the case of weak recommendations—there may be very valid reasons to deviate at the individual level. This can result in a range of adherence percentages at the population level that are considered acceptable by experts. Based on these considerations, it may be worth considering replacing the term 'adherence' with 'guideline application' or 'guideline evaluation'. 	Comment by Asieh Golozar: We will look at both application of guidelines and also adherence. 
[bookmark: _Toc199066967]Study aims
This study aims to establish a proof-of-concept for systematically integrating RWE into clinical guideline development using metastatic bladder cancer (mBC) as a case study. Specific objectives include assessing real-world treatment adherence, relevance, and generalizability of treatments defined by the 2024 European Association of Urology (EAU) guideline.	Comment by Kees Ebben: Does 'systematically' refer to the ability to repeatedly perform the same study/analyses, including all associated efforts? Or, from an infrastructural perspective, does it also refer to (high-)frequent data updates and analysis, aiming toward a monitoring setup?	Comment by Asieh Golozar: The former. Our goal is to have a process so we can do this kind of assessment at scale, with high quality and do it fast. For this, we need a systematic approach. 
[bookmark: _Toc186548098][bookmark: _Toc199066968]Study description and design
This retrospective observational cohort study uses a federated network of observational healthcare data, standardized to the OMOP CDM. Guideline recommendations are systematically decomposed into structured decision nodes to identify patient cohorts based on eligibility and actual treatments received in clinical practice. Findings will inform guideline refinement, enhance clinical decision-making, and address evidence gaps. The federated model ensures secure, reproducible and scalable insights, setting a precedent for future collaborative oncology research.

[bookmark: _Toc186548099][bookmark: _Toc199066969]Population
Adult patients with mBC patients diagnosed from January 1, 2010, to the most recent available data. Specific cohorts include patients with mBC who are eligible for various treatments and who initiated treatment.
[bookmark: _Toc186548100][bookmark: _Toc199066970]Outcomes
Key outcomes are time to treatment discontinuation, to next line of treatment and overall survival. The study also evaluates adherence to eligibility testing and treatment recommendations and identifies discrepancies between guideline recommendations and real-world practice in databases from different countries.	Comment by Kees Ebben: In the context of applying real-world evidence in guideline updates, the following aspects may also be valuable to explore: trends in guideline use over time, and analyses involving variables from the real-world data that are not defined in the guideline (e.g. if ‘age’ is not mentioned by the guideline, a cohort can be stratified by ‘age’ to identify differences in adherence levels). See also these publications: https://onlinelibrary.wiley.com/doi/10.1002/lrh2.10384 and  https://pmc.ncbi.nlm.nih.gov/articles/PMC12083447/



[bookmark: _Toc199066971]Background and Rationale
Clinical guidelines, which serve as a key mechanism for evidence-based medicine, are primarily informed by randomized controlled trials (RCTs). These trials provide the highest level of evidence, focusing on the efficacy and toxicity within a well-selected trial population. However, they often overlook issues related to generalizability, adherence, or relevance in real-world clinical practice. Consequently, recommendations derived from these trials may not fully address the feedback from treating patient populations in typical care settings.	Comment by Kees Ebben: Also, for the majority of guideline recommendations in oncology, there are no large, unambiguous RCTs available. These recommendations are instead based on practice-based evidence, resulting in a low level of evidence. 

Real-world evidence (RWE) presents a vital opportunity to bridge this gap, provided it adheres to the necessary methodological rigor and clinical relevance essential for supporting guideline development. Achieving this requires more than merely accessing data and formulating a statistical analysis plan; it necessitates a well-structured and transparent process incorporating methodological safeguards to address the inherent challenges of observational research, such as confounding, bias, and data heterogeneity, and thus capable of delivering reliable, reproducible and pertinent results.

This initiative presents a systematic framework to facilitate the integration of real-world evidence (RWE) into clinical guideline development. The methodology is based on three fundamental pillars: (1) decomposing guideline recommendations into structured decision nodes with well-defined populations, criteria, outcomes, and recommended treatments; (2) evaluating the feasibility and validity of addressing these questions utilizing observational data available in standardized networks; and (3) performing targeted studies to inform only those recommendations where high-quality RWE can fill significant evidence gaps or identify discrepancies between guidelines and practice.	Comment by Kees Ebben: If relevant, I can model these as decision trees in the Oncoguide application, for interactive use or visually intuitive knowledge representation; see www.oncoguide.nl. 	Comment by Asieh Golozar: That would be a great addition to the work. Let’s do that	Comment by Kees Ebben: What does this refer to? 	Comment by Asieh Golozar: Questions that can be addressed by this approach using observational data. 	Comment by Kees Ebben: What is meant by this, and how is it measured/quantified? 

This study uses the framework to analyze the 2024 European Association of Urology (EAU) guideline on muscle-invasive and metastatic bladder cancer (mBC) ("Guideline" from here on) (1). mBC remains a disease with significant burden, characterized by poor outcomes and rapidly evolving therapeutic options, including immune checkpoint inhibitors and antibody-drug conjugates (2). However, there is limited evidence regarding the real-world application and impact of these treatments, especially in clinically complex patient populations not represented in RCT (3). This use case will illustrate the end-to-end process – from parsing of the Guideline to feasibility assessment and execution of Real-World Evidence studies – and serves as a model for other guideline-integrated RWE initiatives.

[bookmark: OLE_LINK1]The framework will be implemented through the Observational Health Data Sciences and Informatics (OHDSI) network, which facilitates federated analytics on standardized observational data across a global network of collaborators. Utilizing the common data model (OMOP CDM), OHDSI allows for the harmonization and analysis of distributed databases while maintaining patient confidentiality and complying with local governance regulations (4). This initiative seeks to produce high-quality evidence relevant to metastatic bladder cancer, and to establish and test a scalable model for RWE-informed guideline development that can be applied across various disease areas and professional associations.


[bookmark: _Toc199066972]Research Questions and Objectives
1. Application of the guideline in practice
The primary objective of this study is to create and implement a systematic, scalable method for incorporating RWE into clinical guideline development. Using mBC as a proof-of-concept, the evaluation of the 2024 EAU guideline (Guideline) recommendations will include:
· The relevance of guideline-defined treatment pathways to real-world patient populations,
· The adherence to those recommendations in routine practice,
· The generalizability of clinical trial-based recommendations across various care settings and populations, and
· The identification of evidence gaps that may necessitate further research or refinement of the Guideline.

2. Patient Characteristics 
What are the demographic and clinical characteristics as well as treatment patterns and clinical outcomes of patients with respect to first-line treatment (LoT) regimens for mBC, who
· Met eligibility criteria for Guideline-recommended first LoT,
· Received Guideline-recommended first LoT regardless of meeting the eligibility criteria,
· Met eligibility criteria and received Guideline-recommended first LoT,
· Received first LoT treatment indicated for mBC elsewhere,
· Received any antineoplastic regimen in the first LoT?

The characteristics and outcomes are defined as following:
· Baseline characteristics
· Distribution of treatment regimens for the first LoT
· Distribution of treatment regimens for subsequent LoTs (second, third, etc.)
· Time from diagnosis of metastatic disease to initiation of first LoT
· Treatment-free intervals between first and second LoTs
· Time to treatment discontinuation (TTD) in the first and second LoT
· Time to next treatment (TTNT) from first to second LoT
· Overall survival (OS)
[bookmark: _Toc47992470][bookmark: _Toc47993717][bookmark: _Toc48906099][bookmark: _Toc199066973][bookmark: _Toc48906100]Research Methods
[bookmark: _Toc199066974]Study Design
This will be a retrospective cohort study of patients diagnosed with mBC across a network of observational healthcare databases. 
[bookmark: _Toc199066975]Study Setting and Databases
The selection of databases for this study was based on the availability of patients with mBC, cancer treatments, and comorbidities. The databases are owned, managed and standardized by Data Partners taking part in the study. All databases are standardized to the OMOP CDM (CDM Specification GitHub link) to allow for the application of a standard study code to be executed by the Data Partner locally and the results aggregated and analyzed. A description of the participating databases is provided in Table 1.


Table 1: Databases participating in this study contingent of passing the quality test 	Comment by Asieh Golozar: Data partners: please fill this table and add the relevant information about your data. 
	Database
	Country
	Population size
	Data capture process and short description
	Data capture timeframe

	Helsinki University Hospital
	Finland
	~2.000.000
	EHR covers secondary and tertiary care.
	2012-present

	VARHA, Hospital District of Southwest Finland
	Finland
	~800.000
	EHR covers secondary and tertiary care.
	2005-present

	PIRHA, Tampere University Hospital
	Finland
	
	
	

	Oslo University Hospital Comprehensive Cancer Centre 
	Norway
	
	
	

	Leeds Teaching Hospitals NHS Trust
	United Kingdom
	85,143
	Hospital's EHR system
	2010-August 2024

	Universitätsklinik Dresden
	Germany
	~ 80,000
	EHR plus on-site tumor documentation system from all cancer patients in in- and outpatient care.
	2015-present

	University Medical Center Hamburg-Eppendorf
	Germany
	80,000
	Cancer Registry linked with EHR 
	2010-present

	Charité Hospital
	Germany
	215,000
	inpatient EHR
	

	UZA
	Belgium
	>2.100.000 
	in- or outpatient EHR
	2006-present (depending on database)

	CHC
	Belgium
	
	
	

	CHU Liege- Centre Hospitalier Universitaire de Liège
	Belgium
	
	
	

	GHDC- Grand Hôpital de Charleroi
	Belgium
	
	
	

	Hospital del Mar
	Spain
	>1.700.000
	Hospital + Tumor registry + Primary care (partial)
	1990-present

	IIS LA FE - Medical Research Institute Hospital
	Spain
	~2.500.000
	Hospital + Primary Care
	2012-present (Primary Care drug data 2016-present)

	MAITT
	Estonia
	
	
	

	Taipei Medical University
	Taiwan
	
	
	

	University of New South Wales 
	Australia
	87,554
	
	

	Yonsei University Hospital	
	South Korea
	
	
	

	Dana Farber Cancer Institute
	United States
	359,000
	In- and outpatients EHR linked with cancer registry 
	2015-present

	Emory Winship Cancer Institute
	United States
	
	In- and outpatients EHR linked with cancer registry
	

	Johns Hopkins University	
	United States
	
	
	

	Penn State Health
	United States
	
	
	

	Providence Health
	United States
	16,500,000
	In- and outpatients EHR linked with cancer registry
	2015-present

	University of Massachusetts Chan Medical Center
	United States
	
	
	

	HealthPartners
	United States
	
	
	

	IQVIA PharmetricsPlus
	United States
	
	
	

	IQVIA AmbEMR
	United States
	
	
	

	IQVIA OncoEMR
	United States
	
	
	

	IQVIA OpenClaims
	United States
	
	
	

	Netherlands Comprehensive Cancer Organization
	The Netherlands
	~7,000
	Nationwide cancer registry
	2010-present


[bookmark: _Toc48906102]
[bookmark: _Toc199066976]Study Period
[bookmark: _Toc48906104]The study period starts from 1 January 2010 or beginning of each database, whichever occurs later, and ends at the latest available date of each database. 
[bookmark: _Toc199066977]Study Population
All patients who meet cohort inclusion criteria in a database are considered subjects. These cohorts generally consist of adult patients with a diagnosis code for bladder cancer who have at least 365 days of prior observation (unless specified otherwise) and enter the cohort at least six months before the latest available data in each database. This six-month buffer allows for up to 6 months of follow-up data for the last person included in the study. Specific definitions for cohorts are provided in the following sections.	Comment by Verbiest, Annelies: Same caveat as mNSCLC study. Looking at p11, it seems you need 12mo prior observation before stIV mibc, but not necessarily befor bladder cancer.	Comment by Asieh Golozar: I agree. That is why we added “unless specified otherwise”. We will evaluated this criterion based on the diagnostics results. 
[bookmark: _Toc199066978]Target Cohorts
[bookmark: _Toc199066979]Cohorts defined by the guideline decision tree	Comment by Ettala Otto: One thing that puzzles me is how this tree relates to patients treated years ago. If I understand correctly first patients in the cohort are treated in 2010 (might have misunderstood). These patients surely don’t follow the tree since no such meds were available back then.	Comment by Asieh Golozar: TBD in the kick-off but we might consider different timeframes relevant for different recommendations to make sure we are looking at the time where recommendations were available. 	Comment by Verbiest, Annelies: Consider a node “predominant non-urothelial histology” with “no recommendation”, but it’s not very relevant.
The purpose of these cohorts is to evaluate treatment uptake and real-world use of regimens recommended in the Guideline, supporting assessment of adherence to the Guideline and variation in clinical practice and local approval of different treatment options.	Comment by Ettala Otto: And variation in local approval of the regimens too. Although EV was approved by EMA in 2024 for 1. LoT we hope to have it approved this Friday the 13th in Finland.	Comment by Asieh Golozar: Added	Comment by Verbiest, Annelies: Ev-unavaible but cis-eligible: 
Guideline-recommended: EUA recommends cis-gem-nivo (or cis-gem + ave maint). No longer regimens without io
 [image: A diagram of a patient's health
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Figure 1. Schematic representation of the Guideline decision tree. This tree starts with the overall mBC cohort (red) and, after evaluating all eligibility nodes (blue), results in subpopulations with specific treatment recommendations (yellow). The red node is represented by cohort 1, blue nodes by cohorts 2 and yellow nodes by cohorts 3 (see below).

In addition, cohorts will be constructed that reflect patients receiving regimens defined by the Guideline without regard for proving eligibility for this treatment (cohorts 4), regimens which are indicated for mBC by outside the guidelines (cohorts 5) and those with no regard for any indication (cohorts 6).
[bookmark: _Toc199066980]Cohort 1: Overall metastatic bladder cancer cohort
Metastases are a hallmark of malignant diseases and represent their natural progression. However, their detection, and therefore their capture in databases, may not follow this sequence. Instead, the metastatic spread might be detected prior to the originating primary malignant disease. Therefore, a cohort definition for mBC must allow for some timing flexibility.
Adult patients (≥18 years) with metastatic disease, evidenced either by a metastasis or stage IV disease record, will be identified. The index date will be set to the earlier of the metastatic disease or stage IV record. All patients must have at least one diagnosis record of BC within the period from 180 days before to 30 days after the index date. Additionally, patients with a diagnosis of any other malignancy, except non-melanoma skin cancer and prostate cancer, at any time prior to and up to 30 days after the index date, are excluded.	Comment by Verbiest, Annelies: Consider keeping pts with non-stIV prostate cancer if feasible. There is no overlap in treatment and often prostate cancer is found in the diagnostic workup or cystectomy resection specimen, so this would disproportionally exclude males.	Comment by Ettala Otto: This is very relevant. Majority of pats with prostate who have undergone radical cystectomy are diagnosed with incidental prostate cancer. These should be included.	Comment by Asieh Golozar: Team: we can exclude early stage (stage I-III) prostate cancer from exclusion. This is however, base on the assumption that all data partner have complete stage information. 	Comment by Asieh Golozar: As discussed in the meeting, we will also exclude prostate cancer. 
[bookmark: _Toc47993719][bookmark: _Toc199066981]Cohorts 2a-e: Treatment eligible cohorts
These cohorts represent subgroups of the mBC population, meeting treatment eligibility criteria within a time frame ending 90 days after cohort 1 index day or beginning of treatment, whichever occurs earlier. Only cohorts with at least one direct treatment recommendation (blue leaf nodes in Fig. 1) will be defined. The inclusion criteria are based on the attributes of the eligibility node itself and the entire decision tree above it as defined in the Guideline.

	Cohort
	Criteria for eligibility

	2a
	No prior treatment, combination therapy eligible, enfortumab-eligible

	2b
	No prior treatment, combination therapy eligible, enfortumab-ineligible, cisplatin-eligible	Comment by Verbiest, Annelies: Timing of eGFR measurement: closest before initation of systemic Tx. eGFR often changes for better or worse between stIV diagnosis and Tx start, and can change quickly after cisplatinum start	Comment by Asieh Golozar: Yes, We use the earliest GRF measurements between index and treatment initiation

	2c
	No prior treatment, combination therapy eligible, enfortumab-ineligible, cisplatin-ineligible, carboplatin-eligible

	2d
	No prior treatment, combination therapy eligible, enfortumab-ineligible, cisplatin-ineligible, carboplatin-ineligible or combination therapy ineligible, PD-L1-eligible

	2e
	Ineligible for any recommendation	Comment by Verbiest, Annelies: combination-therapy eligible but pd-L1 ineligiblee: cis-gem, ddMVAC or MVAC. If cis-ineligible: carbo-gem	Comment by Asieh Golozar: This will be the subgroup not eligible for anything. No PD-(L)1, no platinum, no EV, nothing



Decision criteria include renal function, performance status, and comorbidities, assessed within a set timeframe around the index date. The logic and definitions for these cohorts are available here: node criteria extraction-EAU mBC.xlsx.
[bookmark: _Toc199066982]Treatment initiated cohorts
These cohorts include mBC patients who started systemic antineoplastic treatment regimens. The index date for treatment-initiated cohorts is set to the date of initiation of the treatment regimen. To be included in the cohort, patients must have their first evidence of metastatic disease, either a record of metastasis or stage IV disease, within the period from 30 days prior to regimen start date (index) and before the regimen end date. In addition, patients must have a diagnosis of BC 180 days before to 30 days after the index date. Patients are excluded if they have a diagnosis of other malignancies, except for non-melanoma skin and prostate cancers, prior to and up to 30 days after the index date.	Comment by Verbiest, Annelies: 30d seems short. 60? 	Comment by Asieh Golozar: TBD. We can extend tit to 60 or 90 similar to the NSCLC study depending on what we find out in the diagnostics. 	Comment by Verbiest, Annelies: Why only 180d before? This includes only upfront metastatic pts, not relapses? 	Comment by Asieh Golozar: We are looking for an and not the first diagnosis of BC within this timeframe. The patient can have their bladder cancer diagnosed over 180 days from metastasis detection and could have received treatments for that 	Comment by Verbiest, Annelies: See remark on prostate	Comment by Asieh Golozar: Added
Regimens are inferred by the ARTEMIS (Advanced Regimen deTection EMploying Temporal Smith-Waterman) package in each database, an advanced regimen detection algorithm developed by the OHDSI Oncology Workgroup (5). ARTEMIS enables the systematic identification of oncology treatment regimens, defined through HemOnc (6), from real-world data (RWD) standardized to the OMOP CDM (6, 7). Using an adaptation of the Temporal Smith-Waterman (TSW) algorithm, ARTEMIS finds treatment regimens as temporal sequences of drug exposure events in the longitudinal records of the DRUG_EXPOSURE table, enabling precise stratification of patients based on their chemotherapy protocols rather than individual drugs (5). This approach supports large-scale, reproducible research by addressing challenges in oncology data, such as variability in coding practices and dynamic treatment pathways, ultimately facilitating the generation of reliable evidence for oncological research and real-world applications.	Comment by Verbiest, Annelies: I assume that a pt who starts eg nivo and after 1 cycle cis-gem is associated, is still identified as 1st line cis-gem-nivo?	Comment by Asieh Golozar: ARTEMIS can handle that
Each identified treatment regimen will be considered a distinct LoT. To quality, patients must also either (a) be antineoplastic treatment-naïve or (b) have received prior systemic treatment more than 12 months before the mBC index date. 
Discontinuation is defined as (i) starting a different systemic anti-neoplastic regimen, (ii) having a gap following the last administration of more than 120 days with no systemic anti-neoplastic therapy, or (iii) having a date of death while on the regimen, whichever occurs first. 
Three levels of treatment-initiated cohorts will be defined:
[bookmark: _Toc199066983]Cohorts 3a-e: Eligible and treated as recommended by the Guideline
These cohorts combine the mBC criteria, eligibility criteria and the administration of treatment regimens as per Guideline:	Comment by Verbiest, Annelies: Stratified by year?	Comment by Asieh Golozar: Or different/pre-specified timeframe that mirrors the guideline lifecycle

	Cohort
	Criteria for eligibility
	Recommended treatment

	3a
	No prior treatment, combination therapy eligible, enfortumab-eligible
	Enfortumab vedotin + pembrolizumab

	3b
	No prior treatment, combination therapy eligible, enfortumab-ineligible, cisplatin-eligible
	Cisplatin-containing regimens, including:
· Gemcitabine + cisplatin (GC)*
· MVAC (methotrexate, vinblastine, doxorubicin, cisplatin)*
· Dose-dense MVAC* 
· GC + nivolumab	Comment by Verbiest, Annelies: Guideline-recommended: cis-gem-nivo (or cis-gem + ave maint). No longer regimens without io
* with or without avelumab maintenance therapy

	3c
	No prior treatment, combination therapy eligible, enfortumab-ineligible, cisplatin-ineligible, carboplatin-eligible
	Carboplatin-containing regimens, including:
· Gemcitabine + carboplatin (GemCarbo) with or without avelumab maintenance)

	3d
	No prior treatment, combination therapy ineligible, or combination therapy eligible, enfortumab-ineligible, cisplatin-ineligible, carboplatin-ineligible, and PD-L1-eligible
	PD-L1 monotherapy regimens, including:
· Pembrolizumab monotherapy 
· Atezolizumab monotherapy

	3e
	Ineligible for any recommendation
	Any treatment not defined in 3a-d



[bookmark: _Toc199066984]Cohorts 4a-e: Treatment with regimens recommended by the Guideline
Cohorts will be formed based on the treatment categories recommended in the Guideline, but without checking for eligibility:

	Cohort
	Recommended treatment

	4a
	Enfortumab vedotin + pembrolizumab

	4b
	Cisplatin-containing regimens, including:
· Gemcitabine + cisplatin (GC)*
· MVAC (methotrexate, vinblastine, doxorubicin, cisplatin)*
· Dose-dense MVAC*
· GC + nivolumab
* with or without avelumab maintenance therapy

	4c
	Carboplatin-containing regimens, including:
· Gemcitabine + carboplatin (GemCarbo) with or without avelumab maintenance

	4d
	PD-L1 monotherapy regimens, including:
· Pembrolizumab monotherapy
· Atezolizumab monotherapy

	4e
	Any treatment not defined in 4a-d



[bookmark: _Toc199066985]Cohorts 5a-e: Treatment with regimens indicated for mBC
These cohorts include patients from the mBC cohort who initiate a HemOnc regimen with the indication set to "locally advanced or metastatic urothelial carcinoma". These again, are categories 	Comment by Verbiest, Annelies: Treatment-initiated (=1st line) cohort or mBC (any line) cohort?	Comment by Asieh Golozar: 1st line
a. Enfortumab containing regimens except those defined in 4a
b. Cisplatin-containing regimens except those defined in 4b
c. Carboplatin-containing regimens except those defined in 4c
d. PD-L1 monotherapy regimens except those defined in 4d
e. Any treatment not defined in 4a-d and 5a-d
[bookmark: _Toc199066986]Cohort 6a-e: Treatment with regimens regardless of indication
This cohort includes patients from the mBC cohort who initiate any regimen defined in HemOnc:
a. Enfortumab containing regimens except those defined in 4a and 5a
b. Cisplatin-containing regimens except those defined in 4b and 5b
c. Carboplatin-containing regimens except those defined in 4c and 5c
d. PD-L1 monotherapy regimens except those defined in 4c and 5c
e. Any treatment not defined in 4a-d, 5a-d and 6a-d
[bookmark: _Toc199066987][bookmark: _Toc48906105]Covariates
The following covariates/features are determined prior to or at index date.	Comment by Verbiest, Annelies: Not up to 30d after like metastases?	Comment by Asieh Golozar: Covariates: we want to keep the collection of into prior to index unless for something like ECOG. 
Demographics
Age
· age groups (≤65 and >65years old)
· age described as a continuous variable 
Biological sex
Weight, height, body mass index (BMI)
Performance status (PS), e.g., Eastern Cooperative Oncology Group (ECOG) PS or Karnofsky PS (KPS) at index. In case of KPS, it will be converted to ECOG PS using the following logic: KPS of 100–90 corresponds to ECOG 0, KPS of 80–70 corresponds to ECOG 1, KPS of 60–50 corresponds to ECOG 2, and KPS ≤40 corresponds to ECOG ≥3. PS will then be categorized into three groups: ECOG=0, ECOG =1 and ECOG ≥2
Baseline comorbidities
Concept-based
· Condition groups (SNOMED + descendants), >=1 occurrence during the interval
· Drug era groups (ATC/RxNorm + descendants), >=1 day during the interval which overlaps with at least 1 drug era
Cohort-based
· Charlson comorbidity index (CCI)
· Type 2 diabetes mellitus
· Hypertension
· Cardiovascular disease
· Stroke
· Venous thromboembolic events (pulmonary embolism and deep vein thrombosis)
· Liver disease
· Renal disease
· Dementia
· Presence of programmed cell death 1 ligand 1 (PD-L1): <1%, 1%-49% and ³50%	Comment by Verbiest, Annelies: Pd-l1 will not be used to determine pd-l1 eligibility per guideline? 

Reimbursement: 
atezo  pd-l1 > 5% immune cells
Pembro (only in europe,  not use): CPS ≥ 10 (not a percentage)
(nivo adjuvant: TPS ≥1%. May be interesting for future)	Comment by Asieh Golozar: YEs, it will be with the same threshod you mentioned above. 
Others
· Index year
[bookmark: _Toc199066988]Follow-up
[bookmark: _Toc48906106]Patients are followed until death, diagnosis of another malignancy except non-melanoma skin cancers or end of study period, whichever occurs first.
[bookmark: _Toc199066989]Analysis
Data partners execute the analytics R package against their OMOP CDM instance. No patient level data are shared. All analyses are reported by database, overall and stratified by age, sex and index year, unless the resulting patient size falls below a given threshold as set by the Data Partner (minimal cell size).
[bookmark: _Toc199066990]Application of the Guideline to clinical practice
The Guideline defines eligibly criteria for first LoT for mBC. If the patients are eligible a treatment regimen is recommended. For ineligible patients, no treatment recommendation is provided, leaving it up to the care provider to make the decision for best care (physician choice). In reality, patients suitable for eligibility evaluation may or may not exist, they may undergo the evaluation or not, and they may be treated according to the recommendations, with alternative regimens or not at all. 

Based on cohorts 1-6, we will therefore derive the following statistics:

Relevance: Number of patients as a fraction of the initial mBC cohort. Cohorts 2 contain decision criteria for the entire decision tree of the leaf node all the way up to the mBC population, with the attrition report providing individual patient numbers in each node, while cohorts 3 contain patients receiving treatments according to the Guideline. Cohorts 4-6 contain patients treated with recommended, indicated or not indicated regimens. This will be used to calculate fractions of patients who are:
· Suitable for eligibility testing at the different levels of the tree (attrition tables of cohorts 2)
· Passing eligibility testing and receiving recommendations (cohorts 3a-d)
· Failing eligibility testing and receiving alternative (treatments they are not eligible for) or no treatment (cohort 3e)	Comment by Verbiest, Annelies: How about failing eligibility testing and receiving recommendations anyway?	Comment by Asieh Golozar: Alternative here means they are getting what they are not eligible for or no treatment. 
· Being treated with one of the Guideline regimens (cohorts 4)
· Being treated with a regimen indicated for mBC according to HemOnc (cohorts 5)
· Being treated with a regiment not indicated for mBC according to HemOnc (cohorts 6)

Adherence: This will calculate the proportion of membership overlap between cohorts 2 (recommended for treatment) and cohorts 3, 4, 5 and 6 (treated):	Comment by Verbiest, Annelies: Consider alternative naming of “non-adherent” given lack of evidence or unavailability of many currently recommended regimens during study period and across providers?	Comment by Asieh Golozar: Let’s discuss
· Adherent: receiving the recommended treatment (cohorts 3)
· Non-adherent: receiving no treatment (not in cohorts 4, 5, and 6)	Comment by Verbiest, Annelies: Many of these pts will be in clinical trial, move to other center or beyond 30d interval. 	Comment by Asieh Golozar: Correct
· Non-adherent: receiving a Guideline treatment other than the recommended one (cohorts 4 except cohorts 3)
· Non-adherent: receiving an mBC indicated treatment according to HemOnc (from cohorts 5)
· Non-adherent: receiving a non-mBC indicated treatment according to HemOnc (from cohorts 6)
In addition, we calculate the fractions of patients who received a Guideline regimen (from cohorts 4) and also had the recommendation to do so (from cohort 2). Finally, we calculate the fraction of mBC patients who did not undergo eligibility testing.

Generalizability: This will compare the expected to the actual attributes of a population. The expected attributes are extracted from literature reports of the equivalent clinical trials resulting in the recommendation. The actual populations are:
· Eligible for treatment (cohorts 2) 	Comment by Verbiest, Annelies: Most attrition occurs before formal trial screening, and is as such a dark number. May be interesting to state explicitly that we will try to estimate this number	Comment by Asieh Golozar: Good idea. Will add it to the interpretation of the results,
· Treated with a recommended regiment (cohorts 3)
The attributes being compared are 
· Baseline demographics and comorbidities
· Treatment outcomes
[bookmark: _Toc199066991]Baseline demographics and comorbidities
Demographic and clinical characteristics will be obtained for all target cohorts. For categorical variables, frequencies and percentages will be drawn for each level. Continuous variables will be summarized as mean (standard deviation), minimum, maximum, median and interquartile range (IQR) within each database. Standardized mean differences (SMD) are calculated when comparing characteristics of different cohorts.  	Comment by Verbiest, Annelies: ?	Comment by Asieh Golozar: Fixed
[bookmark: _Toc199066992]Treatment patterns
For cohorts 3-6, the number and percentage of patients receiving each treatment regimen in each LoT are described. Distribution of treatment regimens by treatment groups are summarized for each LoT. The number and proportion of mBC patients who did not receive any treatment are described for the mBC cohort. Treatment flow from each LoT to the other are presented in Sankey plots.	Comment by Verbiest, Annelies: If indeed going into treatment lines, it may be worthwile to make erdafitinib and sacituzumab-govitecan separate cohorts instead of “other”?	Comment by Asieh Golozar: We will keep them separate for treatment pattern analysis. :)
[bookmark: _Toc199066993]Time to event outcomes
The following outcomes are assessed in the study:
Diagnosis to Treatment Interval (DTI): the number of days from date of first encounter with a diagnosis of mBC to the initiation of the first LoT.
Treatment-free Interval (TFI): Time from discontinuation of each LoT to initiation of the subsequent LoT, or date of death occurring before any subsequent LoT.	Comment by Verbiest, Annelies: 1st line plat-gem/mvac is given max 6 cycles, io regimens untill pd or unacceptable toxicity.	Comment by Asieh Golozar: Correct. That will be handled by ARTEMIS
Time to Next Treatment (TTNT): Time from the initiation of each LoT to the date the patient starts the next LoT or to the date of death if death occurs prior to having another systemic anti-neoplastic treatment regimen.	Comment by Verbiest, Annelies: Switch cis-gem to carbo-gem (w/o nivo or ave) not to be considered as next Lot	Comment by Asieh Golozar: LoT algorithm will take care of that 
Time to Treatment Discontinuation (TTD): Length of time from the initiation of each LoT to the date of its discontinuation, or date of death.	Comment by Verbiest, Annelies: When is tx considered permanently discontinued? (we use: if ≥12 weeks not given or death or new LoT)	Comment by Asieh Golozar: That is what ARTEMIS handles. Threshold is 120 days. 
Overall Survival (OS): Length of time from the index date for each cohort to the date of death, or loss to follow up or end of the study. Patients are censored at last recorded clinical activity within the database or end of follow up.	Comment by Verbiest, Annelies: Is it possible to have last recorded clinical acitivity after end of follow up?	Comment by Asieh Golozar: Not how we define this. 
DTI is reported as median (IQR) for the mBC cohort. TFI, TTD, TTNT are evaluated descriptively by Kaplan-Meier curves along with two-sided 95% confidence interval (CI) for the median time to event estimates for the treatment-initiated cohorts (cohorts 3-6). OS is estimated for all cohorts using the Kaplan-Meier method and results are reported as plots of the estimated survival curves as well as the overall and median (95% CI) estimated probability of survival at years 1, 2 and 3.
Pending data availability, results are further stratified by index year to evaluate the changes in the treatment of mBC and the shift in treatment patterns and outcomes of patients with mBC with the introduction of enfortumab.	Comment by Verbiest, Annelies: Tricky, EV is/was available in later line years before 1st line	Comment by Asieh Golozar: Correct. We look at uptake by line and we have to be careful with the interpretation. :)
[bookmark: _Toc199066994][bookmark: _Toc48906110]Stratifications
Each target cohort is analyzed in full as well as stratified by the following pre-index characteristics:
Index year
Age groups: ≤65 and >65
Sex
[bookmark: _Toc199066995]Study size
[bookmark: _Toc48906111]This study will use routinely collected data, all patients meeting the eligibility criteria above are included. No formal sample size and power calculation will be conducted.
[bookmark: _Toc199066996]Data Management
Source data at the participating institutions are converted to the OMOP CDM through an Extract, Transform, Load (ETL) process. It includes source code to standardized concept mapping while maintaining quality and context of information (8). The data are refreshed periodically responding to updates by the database. There are six key standardized domains: condition, drug, measurement, procedure, visit and observation. Data Partners are responsible for their own validation to ensure that the OMOP database instance matches the information provided in the original source. Each Partner is responsible for following their own local data permits, processing and disclosure publication regulations and standard operating procedures.
[bookmark: _Toc48906112]This study follows relevant ENCePP guidelines and International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use (ICH) guidelines for data management (ENCePP) (5). Standardization of the databases to the OMOP CDM enables the use of standardized analytics and tools across the network since the structure of the data and the terminology system is harmonized. The OMOP CDM is developed and maintained by OHDSI and is described in detail on the wiki page of the CDM (CDM Specification GitHub link) and in The Book of OHDSI (9).
Data quality is evaluated using data quality checks described in the next section. A diagnostic package, built on the OHDSI Cohort Diagnostics library (CohortDiagnostics GitHub link), is used to assess fitness of use and evaluate measurement error in the phenotype development and evaluation process. The full study package is only executed on databases that pass data quality assessment and cohort diagnostics.
[bookmark: _Ref183075985][bookmark: _Toc199066997][bookmark: _Toc396315374][bookmark: _Toc396411126][bookmark: _Toc401784135][bookmark: _Toc426018043][bookmark: _Toc445993599][bookmark: _Toc474672292][bookmark: _Ref63279086][bookmark: _Ref63295729][bookmark: _Ref99708421][bookmark: _Toc2097790405][bookmark: _Toc26393897][bookmark: _Toc108618129][bookmark: _Toc47993720][bookmark: _Toc48906113]Quality Assurance
[bookmark: _Toc342706682][bookmark: _Toc147311964][bookmark: _Toc108618130][bookmark: _Toc199066998]General Database Quality Control
[bookmark: _Hlt183076380][bookmark: _Hlt183076381]A number of open-source quality control mechanisms for the OMOP CDM have been developed (10). In particular, the Achilles tool, which systematically characterizes the data and presents it in a dashboard format for inspection. The generated data characteristics such as age distribution, condition prevalence per year, data density, measurement value distribution can be compared against expectations for the data. Additionally, the data quality dashboard (DQD) (DataQualityDashboard GitHub link). This tool provides a number of checks relating to the conformance, completeness and plausibility of the mapped data. Conformance focuses on checks that describe the compliance of the representation of data against internal or external formatting, relational, or computational definitions, completeness in the sense of data quality is solely focused on quantifying missingness or absence of data, while plausibility seeks to determine the believability or truthfulness of data values. Each of these categories has one or more subcategories and are evaluated in two contexts: validation and verification. Validation relates to how well data align with external benchmarks with expectations derived from known true standards, while verification relates to how well data conform to local knowledge, metadata descriptions and system assumptions.
To ensure each participating database has the relevant oncology specific data, each participating Data Partner executes an oncology specific quality control query (available here: Oncology Data Quality Assessment), testing conformance with domain, standard concept and choice of vocabulary rules as well as mapping validity.
[bookmark: _Toc1183193405][bookmark: _Toc764195290][bookmark: _Toc108618131][bookmark: _Toc199066999]Study-specific quality control
[bookmark: _Toc1175118712][bookmark: _Toc1992169121][bookmark: _Toc108618132]The OHDSI CohortDiagnostics package (CohortDiagnostics GitHub link) is used to assess the relevance of each participating database. This package evaluates phenotype algorithms within OMOP CDM databases, offering a standardized set of analytics to understand patient capture, including data generation processes. It provides detailed insights into cohort characteristics, record counts and potential index event misclassification. By offering a consistent methodology for evaluating cohort definitions and phenotype algorithms across diverse observational databases, CohortDiagnostics ensures reproducibility and comparability in observational research.
[bookmark: _Toc199067000]Software quality control
The analytic package for this study is developed using open-source software from OHDSI under the HADES analytical suite. All HADES packages follow developer guidelines including unit testing to ensure software validity. The study package is tested and developed on HUS data. Any bugs or issues are documented on the Github repository. Github is used for version control to provide an audit trail of the study package and ensure that changes properly address reported issues.
[bookmark: _Toc199067001]Strength and Limitations
The common data model and standardized vocabularies ensures interoperability and portability of phenotypes utilized in this analysis. The federated study model ensures there is no movement of patient-level data from institutions participating in this analysis. This is critically important for the protection of patient privacy in the secondary use of routinely collected patient data. Data partners remain in control of the analysis run on these data and conduct their own validation processes to evaluate case reports against public health reporting.
[bookmark: _Toc47993721][bookmark: _Toc48906114]This study is carried out using data recorded in a collection of EHR and reimbursement claims systems. Misclassification may occur in identification of patients, outcomes and covariates. As with any healthcare database used for secondary data analysis, the patient records can be incomplete in many respects and may have erroneous entries. Events occurring prior to the observation period (enrollment, beginning of care provision to the patient) such as diagnosis of metastatic disease, site of metastasis, chemotherapy regimens or baseline covariates within the database may not be available or may be recorded with the wrong timing. Data on treatment provided outside each participating institution at referring institutions are not included. Finally, comorbidities potentially impacting treatment at the Data Partner but that were themselves treated outside of the oncology setting might be under-reported. 
[bookmark: _Toc199067002]Protection of Human Subjects
This study is conducted in accordance with the International Society of Pharmacoepidemiology (ISPE) Guidelines for Good Pharmacoepidemiology Practices (GPP) and EMA, European Network of Centers for Pharmacoepidemiology and Pharmacovigilance (ENCePP) Guide on Methodological Standards in Pharmacoepidemiology (11, 12). The use of the OMOP CDM and OHDSI tools enable the federated analysis of these different databases without accessing patient-level data outside the participating institutions. The study is conducted in compliance with all applicable data protection, security and privacy laws, rules and regulations with respect to the collection, production, use, processing, storage, transfer, modification, deletion and disclosure of any information related to this study. Each data partner is required to provide a statement about IRB approval or exemption to participate.
[bookmark: _Toc47993722][bookmark: _Toc48906115]Confidentiality of patient records is maintained at all times. Data partners remain in full control of executing the analysis and packaging results. There are no transmission of patient-level data at any time during these analyses. Only aggregate statistics are shared. Study packages contain minimum cell count parameters to obscure any cells which fall below allowable reportable limits. 
[bookmark: _Toc199067003]Management and Reporting of Adverse Events/Reactions
[bookmark: _Toc47993723][bookmark: _Toc48906116]According to the new guidelines for good pharmacovigilance practice (EMA/813938/2011 Rev 3), there is no requirement for expedited reporting of adverse drug reactions from studies with secondary use of data (12).
[bookmark: _Toc199067004]Dissemination and Communication of Study Results
Results of this study will be published following guidelines, including those for authorship, established by the International Committee of Medical Journal Editors (13). When reporting results of this study, the appropriate Strengthening the Reporting of Observational (STROBE) Studies in Epidemiology checklist and ESMO Guidance for Reporting Oncology real-world evidence studies, will be followed (14, 15).
[bookmark: _Toc199067005]References
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