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Abstract 

Background 

Considering the sequence of treatments is vital for optimising healthcare resource allocation, 

especially in cancer care, where sequence changes can affect patients’ overall survival and associated 

costs. A key challenge in evaluating treatment sequences in health technology assessments (HTA) is 

the scarce evidence on effectiveness, leading to uncertainties in decision making. While randomised 

controlled trials (RCTs) and meta-analyses are viewed as the gold standards for evidence, applying 

them to determine the effectiveness of treatment sequences in economic models often necessitates 

making arbitrary assumptions due to insufficient information on patients' treatment histories and 

subsequent therapies. In contrast, real-world data (RWD) presents a promising alternative source of 

evidence, often encompassing details across treatment lines. However, due to its non-randomised 

nature, estimates of the treatment effectiveness based on RWD analyses can be susceptible to biases 

if not properly adjusted for confounding factors. 

To date, several international initiatives have been investigating methods to derive reliable 

treatment effects from RWD — by emulating Target Trials that replicate existing RCTs (i.e. 

benchmarks) and comparing the emulated results against the benchmarks. These studies primarily 

seek to determine the viability of obtaining trial-equivalent results through deploying specific 

analytical methodologies and study designs within the Target Trial emulation framework, using a 

given database. Adopting the Target Trial emulation framework facilitates the analyses to be operated 

under causal inference principles. Upon validation in a particular database, these techniques can be 

applied to address similar questions (e.g., same disease area, same outcome type), but in populations 

lacking clinical trial evidence, leveraging the same RWD source.  

Studies to date, however, have predominantly focused on the comparison of individual 

treatments rather than treatment sequences. Moreover, the majority of these investigations have been 

undertaken in non-English contexts. Consequently, the use of RWD in evaluating treatment 

sequences for HTA, especially in an English setting, remains largely unexplored. 

Objectives 

The goal of this project is to investigate the feasibility of leveraging RWD to produce reliable, 

trial-like effectiveness estimates for treatment sequences. We aim to assess the capability of two 

oncology databases: the US-based Flatiron electronic health record and the National Cancer 

Registration and Analysis Service (NCRAS) database of England. To achieve this, we plan to harness 

the Target Trial Emulation (TTE) framework for replicating two existing oncology RCTs that 

compared treatment sequences, with the intent of benchmarking our results against the original 
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studies. Further, we aim to detail the practicalities involved with implementing TTE in diverse 

databases and outline the challenges encountered. 

Methods 

1. We aim to emulate existing RCTs that compare the effect of different treatment sequences by 

constructing the study design and analysis plan following the TTE framework. Specifically, the 

following case studies are planned: 

(1) Prostate cancer case study 1 (PC1) - US direct proof-of-concept study (method direct 

validation): replicating the GUTG-001 trial using Flatiron data  

(2) Prostate cancer case study 2 (PC2) - US-England bridging study (method extension): 

emulating Target Trials that compare treatment sequences that have been common in 

England using Flatiron data 

(3) Prostate cancer case study 3 (PC3) - English indirect proof-of-concept study (method 

indirect validation): emulating the same Target Trial in PC2 using English NCRAS data 

(4) Renal cell carcinoma case study (RCC) - method direct validation in a single-arm setting: 

emulating the sunitinib followed by everolimus arm in the RECORD-3 trial using English 

NCRAS data 

2. We will compare results of the emulated Target Trials with those from the benchmark trials. 

3. We plan to compare different advanced causal inference methods (e.g. marginal structural 

models using IPW and other g-methods) in estimating the effect of treatment sequences in 

RWD.  

Expected results 

This study will provide evidence on whether it is feasible to obtain reliable estimates of the 

(comparative) effectiveness of treatment sequences using Flatiron data and English NCRAS data. If 

applicable, we intend to develop a framework that provides a systematic way of obtaining the 

(comparative) effectiveness of treatment sequences using RWD. It is possible that the data quality is 

insufficient to emulate the planned Target Trials. In this case, we will report reasons for the 

implausibility of data analysis. If applicable, we will make suggestions to whether the national health 

data collection may be enhanced to make the analyses possible. The results of this study will be 

submitted to peer-reviewed journals and international conferences.   
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1 Overview 

This protocol outlines a series of proof-of-concept case studies focusing on evaluating the use 

of real-world data (RWD) for making informed decisions in health technology assessment (HTA), 

particularly in the context of treatment sequences. The protocol begins in Section 2 by underscoring 

the importance of evaluating treatment sequences in HTA and discussing the opportunities and 

challenges in leveraging RWD. We describe the Target Trial Emulation (TTE) approach with 

benchmarking as a means to assess the feasibility of deriving reliable estimates from RWD, and 

specify RWD sources for investigation. We then lay out the primary objectives of the project.  

In Section 3, we elaborate on the project's significance and relevance to pertinent research. 

Section 4 presents a detailed Analysis Plan for the Target Trial Emulation case studies. Finally, 

Section 5 details the data requirements necessary for the study. 

2 Background  

2.1 Evaluating treatment sequences in health technology assessments  

With an ever-increasing number of treatment options, the significance of evaluating treatment 

sequences within HTA has become apparent. Specifically, changing the order of treatments can 

introduce variability in the overall effectiveness and costs associated with managing a disease, 

making the assessment of treatment sequences—as opposed to a single line of therapy—vital in HTA 

wherever relevant.1-3  

Despite established frameworks for modelling treatment sequences in health economic 

evaluations, challenges persist, particularly the scarcity of data on the effectiveness of treatment 

sequences.1,4-6 Although clinical trials are considered the “gold standard” in evidence, they rarely 

assess the impact of sequences, focusing instead on the efficacy/effectiveness of a single line of 

treatment (LOT). Given the scarcity of trials comparing treatment sequences, analysing RWD offers 

a promising avenue to determine the (comparative) effectiveness of sequential treatment strategies, 

thereby supporting more informed clinical and economic decision-making. 

2.2 Assessing the sequencing effect using rea-world data 

The use of RWD is advantageous not only for its capability to capture sequencing information, 

but also for offering larger, more generalisable sample sizes compared to clinical trials. However, the 

lack of random treatment allocation in routine practice necessitates careful study design and statistical 

analysis to avoid biased results7, notably due to confounding from factors that affect both treatment 

choices and outcomes, such as disease severity. While existing guidelines discuss RWD's utility for 

HTA and methods for estimating treatment effectiveness from RWD, none of them explored methods 

for comparing treatment sequences.8,9  
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To effectively harness RWD for evaluating the causal effects of different treatment sequences—

a form of time-related static treatment strategies or dynamic treatment strategies10—, it is crucial to 

employ advanced causal inference methods like marginal structural models with inverse probability 

weighting (IPW) and other G-methods for ensuring a “fair comparison” across patients receiving 

different treatment sequences (i.e., achieving balanced patient characteristics between treatment 

groups, and addressing time-varying confounding).10-12 Moreover, the successful application of these 

statistical methods often hinges on the availability of  adequate data and relevant variable information. 

Our project, in response to the absence of established guidelines, aims to determine the 

feasibility of applying the aforementioned methods to real-world datasets, especially local ones, to 

reliably estimate the effectiveness of treatment sequences in the context of supporting decision-

making by the National Institute for Health and Care Excellence (NICE). Specifically, The National 

Cancer Registration and Analysis Service (NCRAS) database for England13 and the US Flatiron 

Electronic Health Records (EHR)-Derived database14 were identified as promising data sources for 

our initial investigations. More detailed information and the rationale behind choosing these databases 

are provided in Section 2.4. 

2.3 Target Trial Emulation and benchmarking 

In addition to advanced statistical methods, the TTE framework, proposed by Hernan et al.15, 

emerged as valuable tool for structuring observational studies aimed at answering causal questions. 

The framework’s significance lies in facilitating adequate designs of observational studies, enhancing 

transparency, thereby further mitigating biases inherent in study designs (which may not be fully 

rectifiable through statistical methods alone), such as selection bias and immortal time bias. The 

framework is based on the idea of designing an observational study as a hypothetical Target Trial15, 

had such a trial been implementable, and then explicitly emulating this Target Trial using RWD. A 

standard Target Trial protocol consists of seven key components to resemble the setting of a 

randomised controlled trial (RCT), including eligibility criteria, intervention strategies being 

compared, intervention assignment, follow-up period, outcomes of interest, causal contrasts of 

interest, and analysis plan.  

Several initiatives have launched benchmarking studies to determine how effectively the TTE 

approach can be used within specific real-world datasets to answer causal questions, especially before 

applying it to other questions in comparable settings.16,17 These benchmarking studies attempted to 

replicate the designs and results of existing clinical trials (i.e., benchmark trials) through emulating 

Target Trials using RWD, including applying the same (or as far as possible) patient 

inclusion/exclusion criteria and analytical methods to achieve the emulation. Theoretically, if a Target 

Trial is correctly specified, estimates derived from RWD may be comparable to those from a 
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benchmark trial, providing a validated means to derive reliable real-world evidence (RWE). However, 

a review highlights that disagreements between observational studies and RCTs can arise for various 

reasons, with the specific causes often being indeterminable.18 Nevertheless, improved benchmarking 

can be achieved, had an observational study explicitly aimed to emulate a Target Trial.18  

Building on this concept, our study will employ a similar strategy to assess the applicability of 

advanced statistical methods in generating reliable RWE for HTA decisions involving treatment 

sequences. Specifically, in the current study protocol, we outline the design of a series of 

benchmarking case studies following the TTE framework aiming to replicate the effectiveness 

estimates from several RCTs comparing treatment sequences19-22 (Section 4. Analysis Plan). We will 

compare our findings with those from benchmark RCTs, assessing the potential of RWD to 

successfully mimic their results. The design of our TTE analyses (Table 1-3) references the published 

protocol structures of the RCT DUPLICATE case studies.23,24 

In developing the protocol of our study, we conducted a systematic review to identify candidate 

benchmark trials, focusing on RCTs that explicitly randomised patients to receive different 

predetermined treatment sequences. Our study settled on two oncology trials: the prostate cancer trial, 

GUTG-001, and the renal cell carcinoma (RCC) trial19,25 RECORD-322.  Due to the extensive nature 

of the review, we will provide the detailed rationale in a separate publication. 

2.4 The English NCRAS database and the Flatiron database 

Our study focuses on implementing the benchmarking studies using two oncology databases: 

the NCRAS database for England and the Flatiron database. NCRAS, a part of England’s National 

Disease Registration Service (NDRS), coordinates aggregated information from cancer registries 

across England, Northern Ireland, and Scotland at the UK level, with regional authorities facilitating 

access to patient-level data. Additionally, NCRAS oversees the patient-level cancer registry data in 

England.26 Researchers can access the English Cancer Registry with linkage to a selection of non-

cancer specific National Health Service (NHS) England datasets through NHS England's DARS (Data 

Access Request Service). The application was previously managed by the Office for Data Release, 

Public Heath England. The English Cancer Registry provides detailed data on NHS England’s cancer 

patients, including important prognostic factors, such as tumour stages, sizes, and patient performance 

status at the time of diagnosis. Enhancing this, the registry can be linked with other NCRAS datasets, 

such as the Systemic Anti-Cancer Therapy (SACT) dataset27, which provides extensive information 

on cancer treatments, including those under the Cancer Drugs Fund (CDF). Additionally, its viable 

linkage with NHS hospital records (i.e., Hospital Episode Statistics (HES)), allows for a thorough 

understanding of patients' medical histories.  

The Flatiron database, a US-based EHR-derived database focused on oncology care, provides 
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detailed diagnostic and treatment records of patient visits as well as laboratory results.14 It combines 

structured and machine learning/manually abstracted unstructured data, making it a comprehensive 

resource for oncological research. Despite being US-based, the Flatiron database was included in our 

study for its potential of more timely data access, diverse patient demographics (across the US) 

potentially overlapping with the English population, and its capability to capture treatment sequences 

relevant to the GUTG-001 trial, which are less common in the UK. This choice facilitates the design 

of our benchmarking study protocol, tethered to the identified benchmark trials, as detailed in Section 

2.5 and Section 4. Furthermore, NICE has partnered with Flatiron Health to explore the use of RWE 

in improving the assessment of health technologies' clinical and cost effectiveness.28-30 An example 

of this is the use of Flatiron's data to supplement clinical trial information in a recent NICE technology 

appraisal (TA).31 

2.5 Summary of project aims 

In summary, this project aims to examine the feasibility of using the English NCRAS data and 

the Flatiron data to obtain reliable effectiveness estimates of treatment sequences in prostate cancer 

and RCC. The aim of this project will be achieved through completing the following objectives.  

1) To emulate existing RCTs that compare the effect of different treatment sequences by 

constructing the analyses plan following the Target Trial framework. 

2) To compare results of the emulated Target Trials with those from the benchmark trials. 

3) To compare different advanced causal inference methods (e.g. marginal structural models with 

IPW and other g-methods) in estimating the effect of treatment sequences in RWD. 

4) To detail the practical aspects of implementing TTE across different databases and to describe 

challenges encountered. 

Ultimately, our goal is to leverage the insights from this project to create a systematic framework 

for generating evidence on the effectiveness of treatment sequences using RWD, particularly in the 

context of health economic evaluations. In the event that benchmarking proves to be infeasible, our 

focus will shift to providing detailed insights into the practicality of implementing TTE with these 

databases. This includes an exploration of the challenges encountered, the reasons behind any 

limitations, and potential areas for improvement and future research. 

3 Significance of this study  

The significance of this study lies in its potential to expand upon relevant existing research 

conducted by several initiatives, including the US Food and Drug Administration (FDA) funded RCT 

DUPLICATE and the pharmaceutical industry-sponsored OPERAND.16,17,24,32,33 These initiatives 

have been focusing on replicating clinical trial results using RWD within highly structured 

frameworks designed to mimic clinical trials.16,17 RCT DUPLICATE, initiated in 2018 under the 21st 
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Century Cures Act, seeks to inform the use of RWE studies in regulatory decisions. It leverages the 

Target Trial Emulation approach to assess the real-world effectiveness of medical products and 

benchmark them against a large number of RCTs.24,34 OPERAND, in contrast, explores how 

treatment effect estimates might differ when the stringent eligibility criteria of RCTs are relaxed. To 

our knowledge, these studies have primarily focused on cardiovascular diseases and utilised US 

claims databases (e.g. Medicare), without attempting to assess the feasibility of estimating the 

comparative effectiveness of treatment sequences.  

Our project stands out by seeking to replicate results from sequential treatment trials using data 

from the English Cancer Registry and the Flatiron EHR-derived database. This approach is expected 

to enhance the findings from previous large-scale initiatives in several ways. Firstly, it will evaluate 

different causal inference methods specifically for emulating sequential treatment trials using RWD 

and benchmark them against existing trials. Secondly, the project will demonstrate the utility of 

observational data as an alternative source of evidence in health economic evaluations, particularly 

for modelling treatment sequences. Specifically, it could pave the way for establishing a systematic 

framework for deriving reliable (i.e. trial-mimicking) comparative effectiveness estimates for 

sequential treatments, addressing a key challenge in sequence evaluation in HTA. Thirdly, the project 

aims to improve user experience and enhance the use of English NCRAS data in future HTA. 

Furthermore, part of the project (i.e. prostate cancer benchmarking studies) will compare the 

emulation of the same Target Trials using the US-based Flatiron database versus the English NCRAS 

database, as outlined in Section 4. Analysis Plan). This comparison will offer insights into the 

differing treatment patterns for prostate cancer in the US and England, and how they may affect the 

emulation. For example, sequential use of abiraterone and enzalutamide is not permitted in England35, 

but they are key first and second-line treatments in the US36, as a recently study using Flatiron data 

shows.36 The global debate over the benefits of this sequence is ongoing.37-43 

Based on a recent systematic review focusing on treatment sequences in prostate cancer 

conducted by the Canadian Agency for Drugs and Technologies in Health (CADTH)40, it seems that 

docetaxel-containing treatment sequences with androgen receptor-targeted agents (ATRA) (i.e. 

abiraterone, enzalutamide) may improve progression-free survival (PFS) compared to sequential 

therapy with ATRA alone in castration-resistant prostate cancer (CRPC) patients. However, none of 

the studies included evidence from England and studies included were all retrospective, and therefore, 

should be interpreted with caution. In addition, no published cost-effectiveness studies were found 

explicitly comparing different treatment sequences in prostate cancer, despite the interest of decision 

makers in this. The results of our study will supplement the understanding of these topics using the 

English cancer registry data to provide English-based effectiveness estimates. Additionally, our 

analyses will provide insights on whether conducting similar Target Trial analyses using different 
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observational data sources (i.e. English NCRAS data and US Flatiron data) may require modifications 

in defining important variables (e.g. definition of progression using retrospective data) and/or result 

in contrasting final results. We will also explore the strengths of each database in informing HTA 

treatment sequencing decisions in England, identifying potential areas for improvement, especially 

within the local database (NCRAS). 

4 Analysis Plan  

4.1 Overview 

This section is structured into four parts. Firstly, we introduce the scope of the section and 

provide a brief overview of the structure for each set of Target Trial case studies. This is followed by 

exploring considerations associated with applying causal inference methods for Target Trial analyses 

using English NCRAS and Flatiron data in Section 4.2. Subsequently, we present detailed plans for 

our two sets of sequential treatment Target Trial case studies in prostate cancer (Section 4.3: case 

studies PC1, PC2, and PC3) and RCC (Section 4.4: case studies RCC1 and RCC2).  

Each case study set begins with an introduction to the benchmark trials (GUTG-00122 and 

RECORD-319,25) and summarises the demographics of cancer patients in the UK/England and the US, 

assessing the treatment sequences used in NHS and US clinical practice. This is followed by a detailed 

presentation of the planned Target Trials, featuring a table summarising their seven key components. 

Primary outcomes in all case studies focus on time-to-event outcomes, particularly the overall 

survival (OS) of patients receiving specific treatment sequences. At the end of each case study set, 

we assess whether the NCRAS and Flatiron data offer a sufficient sample size for our planned Target 

Trials. We will compare the outcomes of our emulated Target Trials with their corresponding 

counterparts in the benchmark trials. Finally, Section 4.5 details the criteria for determining the 

agreement between our emulated Target Trials and their corresponding benchmark trials, and Section 

4.6 lists the software that will be used for the analyses. 

We acknowledge the scarcity of clinical trials comparing treatment sequences that have been 

conducted in the England, leading to the absence of fully suitable benchmark trials for a proof-of-

concept study with “direct benchmarking” using NCRAS data. Nevertheless, we are confident that 

our systematic review (to be detailed in a forthcoming publication) has identified the best suited 

benchmark trials for our project, despite their limitations. Specifically, PC1 will emulate an Analogue 

Target Trial of the GUTG-001 trial using Flatiron data. This serves as a direct proof-of-concept study 

for comparing treatment sequences using Flatiron data. Depending on PC1's success, PC2 will expand 

the same approach to a broader population and comparison of alternative treatment sequences in 

prostate cancer that are prevalent in both the US and England. PC2 will continue to use Flatiron data, 

functioning as a method extension study. PC3 will then follow, replicating PC2’s design (i.e., 
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Analogue Target Trial of PC2) and analysis but using NCRAS data, thus acting as an indirect proof-

of-concept study for sequence comparison analysis with NCRAS data. Additionally, the RCC case 

studies, constrained to replicating a single treatment sequence from RECORD-3 due to the 

unavailability of the other sequence in England, will nonetheless function as a direct proof-of-concept 

for single-arm studies using NCRAS data. The interconnections between each planned Target Trial 

analyses are illustrated in Figure 1 and further elaborated in Section 4.3 and 4.4.  

In summary, our case study designs creatively overcome the scarcity of direct benchmark trials 

for examining the feasibility of sequencing comparisons with NCRAS data. By leveraging and 

optimising existing, albeit imperfect, benchmarks, we aim to evaluate the feasibility of using NCRAS 

data to support local HTA sequencing decisions in England. 

4.2 Considerations of applying causal inference methods in the NCRAS and Flatiron data  

Advanced causal inference methods (i.e. marginal structural models with IPW and other g-

methods) will be applied to mimic the effect of randomisation in analysing RWD through the 

principle of “no unmeasured confounders”. Therefore, it is important to understand if all important 

prognostic factors affecting treatment decisions and outcomes can be well captured in the NCRAS 

and Flatiron data.  For selecting patients, we require basic characteristics (e.g. age, sex) and key 

tumour prognosis factors (e.g. tumour size, tumour histology, tumour stage) and any factors that 

might influence survival at diagnosis and the time of treatment switching. For outcome measures, we 

need the death date of patients (i.e. estimating OS), indication of treatment relapse (i.e. estimating 

progression free survival (PFS)), and factors influencing patients being lost to follow-up (e.g. moving 

out of the country). Details of variables required will be described for each case study. We recognise 

that some desired variables might be unavailable. Thus, a key aspect of the study involves exploring 

the possibility of extracting necessary information from a blend of other related variables, in cases 

where direct mapping is absent. The process of variable selection and operational definition, and the 

use of proxy variables, will be subject to further discussions with clinical experts. 

The principal investigator, JYAC, has experience in analysing disease registry and EHR data. 

Her PhD supervisors, NL and JBC, have extensive experience in research with cancer trial and 

registry data, oncology HTA and prostate cancer screening programs in the UK. They will help 

facilitate project collaborations with clinical experts, including Dr Carmel Pezaro, Professor Derek 

Rosario, and Professor Janet Brown, all part of the project team specialising in prostate and kidney 

cancer treatments. This project may include other statistical experts specialised in g-methods in the 

future in the research team or in post-hoc consultation, if necessary.  
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Figure 1. Schematic overview of interrelationships and purposes of each proposed Target Trial Emulation case study 
mPC: metastatic prostate cancer; mRCC: metastatic renal cell carcinoma, TTE: Target Trial Emulation.  

The orange arrows represent the comparison between benchmarks and their emulated counterparts, while the blue arrows indicate the application of validated emulation methods to a 

new population.

The benchmark  

Data: GUTG-001 trial survival statistics 

Population: GUTG-001 Trial 

Treatments: Abiraterone  Enzalutamide 

                      Enzalutamide  Abiraterone 

PC1. Method validation study 

Data: US Flatiron 

Population: GUTG-001 Trial Analogue  

Treatments: Abiraterone  Enzalutamide  

                       Enzalutamide  Abiraterone 

PC2. Method extension study 

Data: US Flatiron 

Population: mCPRC/Unrestricted mPC patients  

Treatments: Abiraterone  Docetaxel  

               Enzalutamide  Docetaxel 

             Docetaxel  Abiraterone 

                Docetaxel  Enzalutamide 

PC3. Method indirect validation study 

Data: English NCRAS 

Population: mCPRC/Unrestricted mPC patients 

Treatments: Abiraterone  Docetaxel  

                       Enzalutamide  Docetaxel 

                       Docetaxel  Abiraterone 

                       Docetaxel  Enzalutamide 

Extending the methodology to a different 

population, should it be validated. 

Direct-benchmarking 

Indirect-benchmarking 

The benchmark  

Data: RECORD-3 trial survival statistics 

Population: RECORD-3 Trial 

Treatments: Sunitinib  Everolimus 

            Everolimus  Sunitinib 

Single-arm trial method validation study  

(RCC Target Trial Analysis Set 1) 

Data: English NCRAS 

Population: RECORD-3 Trial Analogue  

Treatments: Sunitinib  Everolimus 

(A) Prostate cancer Target Trial Emulation case studies 

(B) Renal cell carcinoma Target Trial Emulation case studies 

Method extension analysis  

(RCC Target Trial Analysis Set 2) 

Data: English NCRAS 

Population: Unrestricted mRCC patients  

Treatments: Sunitinib  Everolimus, and 

Direct-benchmarking Extending the methodology to a different 

population, should it be validated. 
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Furthermore, the application of causal inference methods also relies on the comparison of 

counterfactual pairs. That is, a certain degree of overlap with respect to patient characteristics between 

study groups are required to create a reasonable comparison. Thus, we will assess the overlap of 

patients receiving different treatment sequences and summarise in descriptive statistics. This project 

is also designed to understand the extent to which the completeness of the data may have an impact 

on the expected study results (i.e. results deviate from the benchmark trial). It may be possible that 

we are unable to fully replicate results from the chosen benchmarks. In this case, we will document 

the potential reasons (e.g. insufficient sample size, incomplete data on time-varying prognostic factors) 

and provide discussions around how NCRAS and Flatiron data may be enhanced to enable the similar 

analyses in the future.  

4.3 Sequential treatment Target Trial: prostate cancer case studies 

4.3.1 Benchmark RCT 

In our prostate cancer case study, we identified a phase-2 RCT by Khalaf et al., the GUTG-001 

trial22, as a valuable benchmark. This trial compared the following two treatment sequences in treating 

treatment-naïve metastatic CRPC (mCRPC) patients: 

o abiraterone (plus prednisolone) followed by enzalutamide (n = 101) 

o enzalutamide followed by abiraterone (plus prednisolone) (n =101)  

Although a recent commentary from some oncologists suggest the use of these two treatment 

sequences under specific circumstances in the UK, it seems unlikely that we can obtain an adequate 

sample size (n > 100) for a TTE study involving both sequences using NCRAS data.39 The reason 

being these two drugs cannot be used directly after one another within the NHS. Had these treatment 

sequences been more prevalent in the UK, the GUTG-001 trial would have been a “perfect” 

benchmark for evaluating the feasibility of comparing treatment sequences with NCRAS data. On the 

other hand, these sequences have been more commonly used in the US36, rendering the GUTG-001 

trial an effective benchmark when using Flatiron data. 

Given the absence of an ideal benchmark trial for a direct proof-of-concept study with NCRAS 

data, it is challenging to determine if NCRAS data can be used to reliably estimate the effectiveness 

of treatment sequences (in prostate cancer). To address this, we propose a novel strategy that involves 

jointly utilising the NCRAS and US Flatiron databases to —indirectly — assess the feasibility of 

deriving reliable effectiveness estimates from English data for treatment sequence comparisons. Our 

approach hinges on leveraging analyses with Flatiron data as a benchmark or "bridge" for assessing 

the analyses performed with NCRAS data. It involves a comparison of emulating identical Target 

Trials using both NCRAS and Flatiron data. Specifics of this design are elaborated in Section 4.3.4. 
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4.3.2 Demographics of metastatic prostate cancer 

England 

In England, around 6,000 new cases of metastatic prostate cancer are diagnosed annually.44 Our 

oncology expert Dr. Carmel Pezaro noted that prostate cancer patients often start receiving castration 

therapy post-prostate cancer diagnosis, encompassing either surgical castration (i.e., bilateral 

orchiectomy) or medical castration (i.e., life-long androgen deprivation therapy, ADT). Professor 

Derek Rosario added that surgical castration accounts for only a very small fraction of these cases. 

Life-long ADT involves luteinising hormone-releasing hormone (LHRH, also known as 

gonadotrophin-releasing hormone (GnRH)) agonists or antagonists, such as padeliporfin and 

degarelix.45 If the cancer progresses despite castration, the condition is termed castration-resistant 

prostate cancer (CRPC). The time of developing castration-resistance (i.e. hormone-relapse) from 

being castration-sensitive (i.e. hormone-sensitive) varies among patients, with an English study 

indicating that about 28% of prostate cancer patients may develop castration-resistance.46 Patients 

with prostate cancer are typically managed by oncologists, while those on long-term ADT alone may 

be overseen by GPs post-initial treatment. 

   Docetaxel has been accessible as a first-line treatment for treatment-naïve patients with 

mCRPC within the NHS since 2006, whereas abiraterone and enzalutamide, two ARTAs, have been 

available for the same indication through The Cancer Drugs Fund (CDF) since 2016.47-49 Since 2012 

and 2014, respectively, abiraterone and enzalutamide have been introduced as second-line therapy 

options in the NHS (through CDF) for the treatment of patients with mCRPC who have previously 

undergone docetaxel treatment.35,50,51 Prior to the introduction of abiraterone and enzalutamide, 

docetaxel therapy served as the sole standard treatment for patients with mCPRC. Since 2016, 

Cabazitaxel has been included as an alternative second-line treatment option in the treatment pathway 

(through CDF), exclusively for patients who have previously received docetaxel therapy.52 Additional 

treatment options for patients at a later phase of mCRPC are available, including Radium-223 being 

approved since 2016 for patients with bone metastases (through CDF).53 In May 2023, Olaparib was 

approved for mCRPC patients with breast cancer gene (BRCA) mutations through CDF54, while the 

use of  Lutetium-177 Vipivotide Tetraxetan for PSMA-positive patients after two or more prior 

treatments was not recommended in a recent NICE TA.55 

Importantly, the English standard practice does not allow for the sequential use of abiraterone 

and enzalutamide, as mentioned earlier.35 However, Dr. Carmel Pezaro confirms that if patients 

experience severe adverse events (such as toxicity) with either drug, they can switch to the other agent 

without it being considered as disease progression at that time. Such switching typically occurs within 

three months of treatment initiation, while switching after three months may indicate disease 
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progression. 

Prostate cancer treatment has shifted, now integrating additional systematic treatments alongside 

ADT at earlier stages before developing metastasis or castration-resistance. Notably, darolutamide56 

and apalutamide57 have been approved for high-risk non-metastatic castration-resistant prostate 

cancer (nmCRPC) patients, available through the CDF since 2021 and 202258, respectively. For newly 

diagnosed metastatic hormone-sensitive prostate cancer (mHSPC), the treatment options have 

expanded to include docetaxel59, enzalutamide (available through CDF since 2021)60, apalutamide 

(available through CDF since 2022)61, and darolutamide (available through CDF since 2023 for 

patients ineligible for chemotherapy with docetaxel).58,62 Key clinical trials comparing ADT alone to 

ADT combined with docetaxel in treating mHSPC were conducted from 2004 to 2013, including the 

GETUG-AFU15 (France)63,64, the CHAARTED (US)65, and the STAMPEDE (UK).66,67 The results 

of these studies, published between 2013 and 2019, were inconsistent regarding the benefits of 

upfront docetaxel and the specific mHSPC patient subgroups that might benefit from it, leading to 

varied adoption timelines across different medical practices for the use of docetaxel in treating 

mHSPC.  

Reflecting on these recent treatment advancements, our oncologist Dr. Pezaro noted that patients 

now receiving abiraterone or enzalutamide as first-line treatments for mCRPC might have previously 

undergone other treatments like docetaxel when their cancer was castration-sensitive. Dr. Pezaro 

suggested that this trend in treatment strategy likely became more apparent after 2016-2017, 

following publication of UK-based STAMPEDE trial results. The widespread use of medications in 

England depends not only on the UK Medicines and Healthcare Products Regulatory Agency (MHRA) 

approval but also on recommendations from NICE. Consequently, treatments other than docetaxel as 

upfront treatment prior to the development of mCRPC did not become widely adopted until after 

2021. In rare cases, docetaxel may be re-administered upon disease relapse while receiving 

abiraterone or enzalutamide (i.e. docetaxel (castration-sensitive prostate cancer)  

abiraterone/enzalutamide (mCRPC)   docetaxel (mCRPC)).  

Identifying castration-resistant patients in NCRAS data can be challenging due to the absence 

of a variable documenting the date of patients becoming castration-resistant. Dr. Pezaro suggested 

that the emergency use of certain drugs in England upon the onset of castration resistance could serve 

as a potential proxy indicator, although it is uncommon. These drugs include non-standard treatment 

options like maximal ADT68, which involves adding an additional androgen receptor (e.g., 

bicalutamide) to the standard ADT (e.g., leuprorelin, cetrorelix). Another option is adding low-dose 

dexamethasone. Professor Derek Rosario seconded these statements but noted the uncertainty 

surrounding the complete capture of emergency drug usage in NCRAS data. Inclusion of such 

information, even if available, may result in the identification of a distinct group of patients, given 
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the variation in treatment preferences among different physicians without a defined standard practice. 

Given this protocol was developed after the onset of Covid-19 pandemic, it is important to 

acknowledge certain limitations associated with utilising retrospective data from the relevant period. 

Professor Rosario noted that docetaxel was not recommended for prostate cancer patients during the 

Covid-19 outbreak since around mid-2020, while abiraterone emerged as a preferred treatment option. 

This shift implies that treatment patterns during the pandemic might differ from other periods. 

Therefore, sensitivity analyses may be needed to investigate the adequacy of overlaps between 

patients receiving comparator treatment sequences, factoring the impact of including patients from 

different periods. This is crucial because the propensity of a patient receiving a certain treatment 

sequence may be influenced not only by their personal characteristics but also by the changing nature 

of treatment paradigms over time. 

In summary, directly replicating the benchmark trial GUTG-001 using English NCRAS data is 

unfeasible due to the specific treatment patterns of mPC patients in England. Particularly, GUTG-

001 investigated the effects of sequential treatments with abiraterone followed by enzalutamide, and 

the reverse sequence, but such sequential use is not permitted in England. 

US (Flatiron population) 

In the US, the treatment options for prostate cancer are generally similar to those in England, 

with one significant difference being the ability to use abiraterone and enzalutamide in a sequential 

manner. A publication based on Flatiron data indicated that the primary treatment sequences for 

prostate cancer in the US during 2013-2017 were abiraterone followed by enzalutamide or the reverse 

sequence.36 In contrast to England, the US FDA granted approval for abiraterone and enzalutamide 

in castration-sensitive prostate cancer treatments, in 2018 and 2019, respectively69,70, with adoption 

influenced by the US National Comprehensive Cancer Network (NCCN) guidelines71, local practices, 

and individual insurance coverage.  

Flatiron data experts were consulted during the data application process. Their preliminary 

analysis indicated that the Flatiron database could capture approximately 600 mCRPC patients who 

were treated with abiraterone followed by enzalutamide, as well as around 400 mCRPC patients who 

received enzalutamide followed by abiraterone. As of the data cut-off on March 31, 2019, a total of 

4,000 metastatic prostate cancer patients were identified as having received a first-line treatment, and 

among them, 1,700 patients had undergone a second-line therapy. These statistics suggest the 

potential feasibility of replicating the GUTG-001 trial with Flatiron data. 

4.3.3 Target Trial Emulation (TTE) 

Our planned TTE analyses in prostate cancer involves a series of interconnected and progressive 

components. The specifics of these steps are outlined in Figure 2 and further explained in the 
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following paragraphs. 

 

Figure 2. Flow chart of the US-England coupled sequential treatment Target Trial emulation 

studies in prostate cancer 

National Cancer Registration and Analysis Service (NCRAS); PC: prostate cancer; TTE: Target Trial Emulation; US, 

United States 

Step 4: Final evaluation

If Step 1 is successful and the findings from Step 3 are consistent with those from Step 2, this 
would suggest that both Flatiron and English NCRAS data are effective for estimating the 
effectiveness of prostate cancer treatment sequences. If there is a discrepancy, we will 
investigate the causes and areas needing improvement.

Step 3: English indirect proof-of-concept study

Prostate Cancer 

TTE Case Study 3 (PC3)

(Table 2, column 3)

The English study aims to closely replicate the US-England bridging 
study by estimating the effectiveness of the same treatment 
sequences using English NCRAS data.

Step 2: US-England "bridging" study

Prostate Cancer 

TTE Case Study 2 (PC2)

(Table 2, column 2)

The second part of the US study will be used to estimate the 
effectiveness of other treatment sequences used in the US for 
prostate cancer, some of which are also available in England.

Step 1: US direct proof-of-concept study

Prostate Cancer 

TTE Case Study 2 (PC1)

(Table 1)

The first part of the US study will be used to test whether it is 
possible to successfully emulate the GUTG-001 trial using US 
Flatiron data and causal inference methods.
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4.3.3.1 Prostate cancer TTE 1 (PC1)  

The first step involves conducting a TTE (PC1), aiming to assess the feasibility of emulating the 

GUTG-001 trial (i.e., GUTG-001 Analogue) with US Flatiron data, leveraging causal inference 

methods. This serves as a direct critical proof-of-concept study to identify appropriate statistical 

methods for obtaining reliable effectiveness estimates of treatment sequences from RWD. Success in 

replicating the GUTG-001 results using US Flatiron data will imply the potential for the same 

methods to be applied in comparable scenarios, including comparisons of other treatment sequences 

across broader populations. Table 1 outlines the specifics of the PC1 TTE analyses. 

4.3.3.2 Prostate cancer TTE 2 (PC2)  

If the benchmarking in the US proof-of-concept study (PC1) prove successful, Step 2 (PC2) will 

expand these methods for TTE in broader populations, focusing on comparing alternative treatment 

sequences prevalent in both the US and England using Flatiron data. These first- and second-line 

treatment sequences for treating treatment-naïve mCPRC include: 

o docetaxel followed by enzalutamide upon disease progression 

o docetaxel followed by abiraterone upon disease progression 

o docetaxel followed by cabazitxel upon disease progression 

o enzalutamide followed by docetaxel upon disease progression 

o abiraterone followed by docetaxel upon disease progression 

Subsequently, results from PC2 could serve as an “emulated benchmark trial” (i.e., a bridge), 

providing a basis for comparison with the Target Trial analyses in PC3 (Section 4.3.3.3). Such 

comparisons aim to indirectly validate the applicability of the same methods for comparing treatment 

sequences in the NCRAS database. In addition to functioning as an emulated benchmark, PC2 also 

aims to examine how the estimates of PC1 will change when the restrictions on the patient population 

are relaxed. PC2's detailed Target Trial design is presented in Table 2, column 2. 

Dr. Pezaro notes that the exact date of developing castration-resistance may be unavailable in 

the database, particularly the NCRAS data, given its nature as a disease registry.  If NCRAS data 

lacks specific timing for mCRPC diagnosis an alternative could involve including all newly diagnosed 

metastatic patients, irrespective of their hormone status. In such cases, treatment sequences for 

metastatic prostate cancer (mPC) patients could be relevant, which include: 

o docetaxel (plus ADT) followed by enzalutamide upon disease progression 

o docetaxel (plus ADT) followed by abiraterone upon disease progression 

o ADT alone followed by abiraterone upon disease progression 

o ADT alone followed by enzalutamide upon disease progression 

o ADT alone followed by docetaxel upon disease progression 
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Table 1. Prostate cancer case study 1: Target Trial using US Flatiron Data to replicate the GUTG-001 Trial 

 Original benchmark RCT (GUTG-001)22 PC1: GUTG-001 Analogue Target Trial 

Purpose of the 

Target Trial 

N/A A direct proof-of-concept study: replicating the GUTG-001 trial using 

Flatiron data 

Eligibility 

criteria  

The eligibility criteria presented here are an abridged version from Khalat et 

al.’s 2019 publication, with further details in GUTG-001’s protocol (Version 

6.0) on ClinicalTrials.gov.72  

Patients who were aged 18 years or older and had newly diagnosed prostate 

adenocarcinoma without evidence of neuroendocrine differentiation, with 

metastatic disease on CT scan, MRI, or bone scan, and a rising PSA (PSA 

progression per PCWG2 criteria) with castrate concentrations of testosterone 

(≤ 1·7 nmol/L) with ongoing medical castration or previous bilateral 
orchiectomy.  

Patients were required to receive LHRH agonist or antagonist therapy for the 

duration of study treatment if not surgically castrated. Eligible patients were 

required to have adequate organ function, defined as absolute neutrophil 

count 1·5×10⁹ cells/L or higher, platelet count 100×10⁹/L or higher, 
haemoglobin 80 g/L or higher, creatinine clearance 30 mL/min or higher, 

serum potassium higher than lower limit of normal range, total bilirubin 1.5 

times upper limit of normal or less, and alanine aminotransferase and 

aspartate aminotransferase five times upper limit of normal or less.  

Patients who were previously treated with any CYP17A1 inhibitors (e.g. 

abiraterone, enzalutamide or experimental androgen receptor inhibitors) were 

excluded, while previous use of docetaxel for castration-sensitive disease was 

allowed. Patients who had contraindications to abiraterone and enzalutamide 

were excluded per manufacturer’s label. Other exclusion criteria were ECOG 

performance status more than 2, brain metastases, active epidural disease, 

severe concurrent illness or comorbid disease, active concurrent malignancy, 

history of seizures or cerebrovascular events, major surgery within 4 weeks 

of starting study treatment, gastrointestinal disorders affecting absorption, 

and life expectancy of less than 6 months. The presence of visceral metastasis 

and pain requiring opioid analgesia were allowed. 

Matching the eligibility criteria of the GUTG-001 trial as far as possible, 

following GUTG-001’s protocol version 6.0.72 
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Treatment 

strategies  

• Group A: patients received abiraterone 1000 mg orally once daily plus 

prednisone 5 mg orally twice daily as first study treatment until 

confirmed PSA progression, wide-field radiotherapy of symptomatic 

bone metastases, unacceptable treatment-related toxicity or withdrawal 

of consent. They then crossed over to receive enzalutamide 160 mg 

orally once daily until symptomatic or clinical progression, 

unacceptable treatment-related toxicity, or withdrawal of consent.  

• Group B: patients received enzalutamide and abiraterone plus 

prednisone in a reverse sequence until confirmed PSA progression, 

wide-field radiotherapy of symptomatic bone metastases, unacceptable 

treatment-related toxicity, or withdrawal of consent. Patients then 

crossed over to receive enzalutamide 160 mg orally once daily until 

symptomatic or clinical progression, unacceptable treatment-related 

toxicity, or withdrawal of consent. 

 

Dose modification for treatment-related adverse events was allowed.  

• Group A: patients receiving abiraterone plus prednisolone followed by 

enzalutamide 

• Group B: patients receiving enzalutamide followed by abiraterone plus 

prednisolone 

 

For all treatment sequences, patients may switch to second-line treatment in 

cases of disease relapse* or unacceptable treatment-related toxicity. 

Additionally, patients may discontinue their first-line treatment without 

proceeding to subsequent treatment, based on clinical/patient decisions. 

 

Assignment 

procedures 

Eligible patients were randomly assigned (1:1) to receive abiraterone + 

prednisolone followed by enzalutamide or the reverse. Investigators and 

participants were not masked to treatment assignment. 

Same as in GUTG-001 

 

To effectively emulate the randomisation, we need to adjust for all 

measurable confounding factors to ensure the comparability of two treatment 

arms (counterfactual) at baseline (i.e., screening visit prior to randomisation).  

To align with GUTG-001, we plan to use the initiation date of first-line 

treatment as the reference point for assessing patients’ baseline 

characteristics (i.e., time zero). This aligns with GUTG-001's tracking of 

time-to-event outcomes from first-line treatment commencement, which was 

within five days post-randomisation.  

 

The randomisation emulation will be performed using inverse probability 

weighting or other g-methods (e.g. standardisation). Important prognostic 

factors will be used to derive propensity score using a multivariable 

regression model. These important prognostic factors include age, tumour 

status, ECOG performance status, prior treatments, comorbidities, and PSA 

level. The final covariate selection will be based upon discussion with 
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clinicians, and will be based upon attempting to satisfy the “no unmeasured 

confounding” assumption. 

Follow-up 

period 

Patients were followed up since the initiation of their first-line treatment, 

which began within five days of randomisation, until either death, data-cut 

off or lost-to-follow-up, whichever occurred first. The median duration of 

follow-up in the GUTG-001 trial was 30.7 months (IQR 25.1-36.2) of the 

data cut-off (May 31, 2018). Given that the final enrolment in the GUTG-001 

trial occurred on December 13, 2016, the minimum follow-up period would 

have been approximately 17 months, had no patients been lost to follow-up. 

The follow up begins with the initiation of the first-line therapy until the 

occurrence of death, loss to follow-up, or data cut-off, whichever occurs first.  

 

Our analysis will target patients who could have a theoretical minimum 

follow-up of 17 months, matching the GUTG-001 trial's follow-up duration 

as closely as possible. For example, for a data cut-off date of May 31, 2018, 

we will include all patients who were eligible for enrolment before the end of 

2016, regardless of their actual follow-up period. Patients with less than 17 

months of actual follow-up will be marked as lost to follow-up (censored), 

ensuring alignment with the GUTG-001 trial without introducing selection 

bias. The criterion of 17 months may be relaxed if the sample size is 

insufficient.    

  

Outcomes Primary endpoints:  

1. Time to second PSA progression: time from the start of first-line therapy 

to PSA progression on second-line therapy, or death from prostate cancer 

before crossover, whichever occurred first. 

2. The proportion of patients with PSA response on second-line therapy. 

 

 

Secondary endpoints:  

1. Time to PSA progression on first-line therapy: time from the start of 

first-line therapy to confirmed PSA progression on first-line therapy 

(Preliminary results of this endpoint were reported in Annala et al. 

201973)  

2. Time to PSA progression on second-line therapy: time from crossover to 

confirmed PSA progression  

3. Overall survival: time from the start of first-line therapy to time of death 

from any cause, or last follow-up (censored); 

4. Time on treatment for second-line therapy: time from crossover to end of 

second-line treatment or death 

5. Time to clinical progression on second-line therapy: time from crossover 

Primary endpoints: 

1. OS, measured as the time from the start of first-line therapy until death 

from any cause, or last follow-up (censored). 

 

Secondary endpoints:  

1. Time to second progression, defined as time from the start of first-line 

therapy to progression* on second-line therapy, or death from prostate 

cancer before crossover, whichever occurred first.  

2. Time to progression on first-line therapy, defined as the time from the 

start of first-line therapy to any type of progression*, including death 

from prostate cancer. 

 

Exploratory endpoints (PSA-related endpoints are contingent on the 

availability and quality of PSA levels in the Flatiron database): 

1. Time to progression on second-line therapy, defined as the time from 

crossover to any type of progression*, including death from prostate 

cancer. Since both the GUTG-001 trial and the TTE are designed to 

evaluate the effectiveness of treatment sequences from the initial 

baseline (i.e., the start of first-line treatment, analyses that use the time 
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to clinical progression on second-line therapy, including death from 

prostate cancer (This endpoint was not analysed because the endpoint 

was subject to variability in individual physician decision making of 

local study investigators).  

6. Safety of second-line abiraterone and enzalutamide  

7. Change in Montreal Cognitive Assessment score on first-line and 

second-line therapy (Results of this endpoint was reported elsewhere).74 

8. Correlation of cell-free DNA biomarkers with PSA response after first-

line and second-line treatment.  

 

Post-hoc analysis: 

1. Time to progression on first-line therapy: time from treatment initiation 

to confirmed PSA progression, radiographic progression (PCWG2 

criteria), clinical progression, or prostate cancer-related death, whichever 

occurred first (preliminary results was reported in Annala et al. 201973).  

2. Time to progression on second-line therapy: time from crossover to 

confirmed PSA progression, radiographic progression (PCWG2 criteria), 

clinical progression, or prostate cancer-related death, whichever occurred 

first. 

3. Time to second progression: time from treatment initiation to confirmed 

PSA progression, radiographic progression (PCWG2 criteria), clinical 

progression on second-line therapy, or or prostate cancer-related death, 

whichever occurred first.  

4. Comparison of second-line PSA responses between groups using 

Pearson’s chi-square test  

5. Clinical correlates of time to PSA progression and PSA response in 

patients receiving second-line enzalutamide  

6. Comparison of crossover clinical characteristics between groups  

7. Sensitivity analysis of time to second PSA progression (primary 

endpoint), excluding patients with delayed crossovers, > 2 weeks 

8. Comparison between groups of time from first progression of any kind to 

crossover  

9. Subgroup analysis to determine whether second-line enzalutamide was 

better than second-line abiraterone in all patient subgroups 

of treatment crossover as a secondary baseline are prone to bias, and 

such analyses should be adjusted for prognostic characteristics. 

Adjustments were not made in the published analyses of the GUTG-001 

trial and this is not the focus of our analysis. Therefore, we regard this as 

an exploratory endpoint and will only present naïve exploratory analyses 

for this endpoint.   

2. Time to second PSA progression: time from the start of first-line therapy 

to PSA progression on second-line therapy, or death from prostate cancer 

before crossover, whichever occurs first. 

3. Time to PSA progression on first-line therapy: time from the start of 

first-line therapy to PSA progression, including death from prostate 

cancer. 

4. Time to PSA progression on second-line therapy: time from crossover to 

PSA progression, including death from prostate cancer. 

5. The proportion of patients with a PSA response on first-line therapy.  

6. The proportion of patients with a PSA response on second-line therapy. 
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Causal 

contrasts of 

interest 

All endpoints were analysed using the intention-to-treat principle, with first-

line or combined treatment endpoints evaluated in all randomised patients, 

and second-line treatment endpoints assessed in those who switched 

treatments. 

Main analysis: 

Analogue of per-protocol effect: estimating the hypothetical effect had all 

patients adhered to the treatment strategy to which they are assigned in our 

analyses  

 

Exploratory: 

1. Analogue of intention-to-treat effect: estimating the effect according to 

the first-line therapy.  

2. Analogue of as-treated effect: estimating the effect restricted to those 

who received the specific treatments sequences outlined in our analysis. 

 

First-line or combined treatment endpoints will be evaluated in all 

randomised patients, and endpoints for second-line treatments will be 

evaluated specifically in those patients who crossover.  

Analysis plan  • Time-to-event outcomes: KM survival curves and log-rank tests were 

used. Hazard ratios and 95% CI were estimated from Cox proportional 

hazard models for PFS, OS and combined PFS, stratified by the MSKCC 

risk criteria. 

• Proportion of PSA response: compared between groups using Pearson’s 

chi-square test. 

• Comparison of crossover clinical characteristics between groups: 

Continuous-valued characteristics were compared using the rank-sum 

test, and Boolean characteristics were compared using Fisher's exact test. 

 

All Cox regression analyses, associated confidence intervals, and Kaplan-

Meier curves were calculated using R (version 3.6.0) with the survival 

package (version 2.44.1.1). Confidence intervals for PSA response, Pearson’s 

chi-square tests, rank-sum tests and Fisher’s exact tests were calculate using 

Julia (version 1.1.0) with the HypothesisTests package (version 0.8.0). 

• Descriptive analyses will be conducted to understand the overall 

treatment pattern in the data and to estimate the sample size.   

• T-tests and chi-square tests will be conducted to compare patient 

characteristics at treatment initiation and at cross-over, and compared 

with those in the GUTG-001 trial 

• KM survival curves, survival probability (e.g. median survival)/event 

incidence, and cox proportional hazard ratios (and/or risk ratios using 

pooled logistic regression), will be conducted for all time-to-event 

outcomes. 

 

Time-to-event outcome analyses will be performed for the per-protocol 

analogue, intention-to-treat analogue, and as-treated analogue effect. 

Marginal structural models with inverse probability weighting and other G-

methods will be used to emulate the randomisation process of the Target 

Trial and account for time-varying confounders. 

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI: confidence interval; CYP17A1, Cytochrome P450 Family 17 Subfamily A Member Enzyme; ECOG, Eastern Cooperative 

Oncology Group performance status; HTA: health technology assessment; KM, Kaplan-Meier; IQR, interquartile range; LHRH, maintain luteinising hormone-releasing hormone, mCRPC, metastatic 

castration-resistant prostate cancer; MSKCC, Memorial Sloan Kettering Cancer Center; NCRAS, National Cancer Registration and Analysis Service; PCWG2, Prostate Cancer Working Group 2; PFS, 

progression-free survival; PSA, prostate-specific antigen test; OS, overall survival; RCT, randomised controlled trials; US, United States 

 

* The final operational definition of disease progression can vary across databases and will be determined through discussions with clinical experts and data experts, due to the uncertainty in data 

quality. If a specific progression date is unavailable, we might use a composite of variables to obtain a proxy date of disease progression, such as treatment discontinuation.   
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Table 2. Prostate cancer case study 2 & 3: US-England bridging study and English indirect proof-of-concept study 

 PC2: An emulated benchmark using Flatiron data  PC3: PC2 Analogue Target Trial using NCRAS data 

Purpose of the 

Target Trial 

analysis 

• US-England bridging study: comparing prostate cancer treatment sequences 

common in England using Flatiron data to serve as an emulated benchmark for 

PC3 

• Investigate how estimates from PC1 might differ when patient population 

restrictions are relaxed. 

An indirect proof-of concept study: replicating the "emulated 

benchmark trial(s)" in PC2 using English NCRAS data. 

Eligibility 

criteria  

Analysis Set 1: 

All patients who were aged 18 years or older with mCRPC will be included.  

 

Analysis Set 2: 

According to Dr. Pezaro, the exact date of a patient becoming castration-resistant 

prostate cancer may be unknown or only available as a proxy in the database. Should 

the data quality of NCRAS be inadequate for determining the timing of mCRPC 

diagnosis, the inclusion of all newly diagnosed metastatic patients who were aged 18 

years or older will be considered as an alternative (i.e., including mHSPC patients). For 

a detailed justification, please refer to the “patient inclusion/exclusion criteria” in 

Section 4.3.6. 

Matching PC2 as far as possible. 

Treatment 

strategies  

• Group A: docetaxel followed by enzalutamide if disease relapse* or unacceptable 

treatment-related toxicity. 

• Group B: enzalutamide followed by docetaxel 

 

Alternative treatment strategies may be chosen for comparison based on the sample 

size of each treatment sequence in Flatiron data and NCRAS data: 

• docetaxel followed by abiraterone 

• abieraterone followed by docetaxel 

• abieraterone followed by cabazitaxel 

• abiraterone followed by enzalutamide 

• enzalutamide followed by abiraterone 

 

For Analysis Set 2, we will consider comparison of treatment sequences that either 

start with a systematic treatment (e.g. docetaxel) or no treatment (i.e., with only 

baseline ADT). 

Same as in PC2 
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For all treatment sequences, patients may switch to second-line treatment in cases of 

disease relapse* or unacceptable treatment-related toxicity. Additionally, patients may 

discontinue their first-line treatment without proceeding to subsequent treatment, based 

on clinical/patient decisions. 

Assignment 

procedures 

Participants are randomly assigned to one of two strategies at baseline.  

 

To effectively emulate the randomisation, we need to adjust for all measurable 

confounding factors to ensure the comparability of two treatment arms (counterfactual) 

at baseline. The randomisation emulation will be performed using propensity score 

matching, inverse probability weighting or other g-methods (e.g. standardisation). 

Important prognostic factors will be used to derive propensity score using a 

multivariable regression model. These important prognostic factors include age, 

tumour status, ECOG performance status, prior treatments, comorbidities, and PSA 

level. The final covariate selection will be based upon discussion with clinicians, and 

will be based upon attempting to satisfy the “no unmeasured confounding” assumption. 

Matching PC2 as far as possible. 

Follow-up 

period 

The follow-up period starts from the time of treatment initiation (sensitivity analysis: 

starts from the time of diagnosis (mCPRC for Analysis Set 1, mPC for Analysis Set 2)) 

and continues until the event of death, loss to follow-up, or the data cut-off date, 

whichever comes first. 

 

In PC 1, follow-up begins on the date of first-line mCRPC treatment initiation 

(baseline), aligned with the GUTG-001 trial, implying that all patients included in the 

trial have survived to receive their first-line mCRPC treatment. However, this could 

potentially lead to immortal time bias in RWD analysis if the time from mCPRC 

diagnosis to first-line treatment initiation differs significantly between the two study 

groups (which might not be fully adjustable with statistical methods). While this 

concern might be less significant in PC1, as abiraterone and enzalutamide are often 

interchangeable according to our oncology experts, we would like to examine such 

design’s impact on estimating the comparative treatment effectiveness from RWD in 

the sensitivity analyses for PC2. Specifically, we will begin follow-up at diagnosis 

instead, and use techniques like cloning75,76 and/or TTE with sequential eligibility 

criteria77 to assist in assigning treatment groups, contrasting it with setting the first-line 

treatment initiation as baseline (time zero).  

Matching PC2 as far as possible. However, it is crucial to 

acknowledge that for sensitive analysis, the dates of castration-

resistance and metastasis might be unavailable in NCRAS data. 
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Outcomes Primary endpoints: 

1. Overall survival: the time from treatment initiation (for primary 

analysis)/diagnosis (for sensitivity analysis) until death from any cause, or last 

follow-up (censored). 

 

Secondary endpoints  

1. Time to second progression: time from diagnosis to progression* on second-line 

therapy, or death from prostate cancer before crossover, whichever occurred first. 

2. Time to progression on a first-line therapy, defined as the time from diagnosis to 

any type of progression*, including death from prostate cancer. 

 

Exploratory endpoints: 

1. Time to progression on second-line therapy, defined as the time from crossover to 

any type of progression*, including death from prostate cancer. Since the GUTG-

001 trial and the TTE are designed to evaluate the effectiveness of treatment 

sequences from the initial baseline (i.e., the start of first-line treatment, analyses 

that use the time of treatment crossover as a secondary baseline are prone to bias, 

and such analyses should be adjusted for prognostic characteristics. Adjustments 

were not made in the published analyses of the GUTG-001 trial and this is not the 

focus of our analysis. Therefore, we regard this as an exploratory endpoint and 

will only present naïve exploratory analyses for this endpoint.   

Matching PC2 as far as possible.  

Causal 

contrasts of 

interest 

Main analysis: 

Analogue of per-protocol effect: estimating the hypothetical effect had all patients 

adhered to the treatment strategy to which they are assigned in our analyses  

 

Exploratory: 

1. Analogue of intention-to-treat effect: estimating the effect according to the first-

line therapy.  

2. Analogue of as-treated effect: estimating the effect restricted to those who 

received the specific treatments sequences outlined in our analysis. 

 

First-line or combined treatment endpoints will be evaluated in all randomised patients, 

and endpoints for second-line treatments will be evaluated specifically in those patients 

who crossover. 

Matching PC2 as far as possible. 
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Analysis plan  • Descriptive analyses will be conducted to understand the overall treatment pattern 

in the data and to estimate the sample size.   

• T-tests and chi-square tests will be conducted to compare patient characteristics at 

treatment initiation and at cross-over.  

• KM survival curves, survival probability (e.g. median survival)/event incidence, 

and cox proportional hazard ratios (and/or risk ratios using pooled logistic 

regression), will be conducted for all time-to-event outcomes. 

 

Time-to-event outcome analyses will be performed for the intention-to-treat analogue, 

as-treated analogue, and per-protocol analogue effect. Marginal structural models using 

inverse probability weight and other G-methods will be used to emulate the 

randomisation process of the Target Trial and account for time-varying confounders. 

Matching PC2 as far as possible. 

ECOG, Eastern Cooperative Oncology Group performance status; HTA: health technology assessment; KM, Kaplan-Meier; mCRPC, metastatic castration-resistant prostate cancer; mHSPC, metastatic 

hormone-sensitive prostate cancer; mPC: metastatic prostate cancer; NCRAS, National Cancer Registration and Analysis Service; PSA, prostate-specific antigen test; RCT, randomised controlled trials; 

US, United States 

N/A: not applicable 

 

* The final operational definition of disease progression can vary across databases and will be determined through discussions with clinical experts and data experts, due to the uncertainty in data 

quality. If a specific progression date is unavailable, we might use a composite of variables to obtain a proxy date of disease progression, such as treatment discontinuation.  

 PSA level is unavailable in the NCRAS data, and therefore will not be included in the English NCRAS analysis.
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4.3.3.3 Prostate cancer TTE 3 (PC3)  

Step 3 (PC3): The design of PC2 allows us to conduct an indirect proof-of-concept study 

assessing if the quality of NCRAS data is adequate for reliably assessing the effectiveness of 

treatment sequences using causal inference methods. PC3 aims to emulate the same Target Trial as 

PC2, but using English NCRAS data. Differing from the PC1, PC3 will only indirectly reference 

information from the original benchmark RCT (i.e., GUTG-001 trial). PC3's detailed Target Trial 

design is presented in Table 2, column 3. 

Comparison between similar analyses in NCRAS data (PC3) and Flatiron data (PC2) relies on 

the existence of common treatment sequences in both datasets. There are several common treatment 

sequences in treating prostate cancer in the US and the UK as described in 4.3.3.2. Docetaxel followed 

by enzalutamide and its reverse sequence represent one of the most prevalent treatment sequences 

available in both the US and the UK,35,36 and therefore these sequences are chosen as the main 

comparators. However, alternative sequences like docetaxel-abiraterone (and vice versa) or other 

non-symmetric pairs remain viable (e.g. abiraterone-docetaxel versus enzalutamide-docetaxel, 

abiraterone-docetaxel versus abiraterone-enzalutamide, enzalutamide-docetaxel versus enzautamide-

abiraterone), subject to the sample sizes in both the Flatiron and the NCRAS data. 

Additionally, Professor Rosario highlighted the possibility of assuming no systematic difference 

between abiraterone and enzalutamide, given their similar mechanisms of action. Consequently, for 

PC2 and PC3, we can also consider including the following two sequences to increase the sample 

size if necessary: 

o docetaxel followed by abiraterone or enzalutamide upon disease progression 

o abiraterone or enzalutamide followed by docetaxel upon disease progression 

The final selection of sequence pairs for PC2 & PC3 will be based on ensuring larger sample 

sizes than in the GUTG-001 trial for both Flatiron and English NCRAS data (guided by analyses of 

treatment patterns analyses from the actual data), and finalised after discussions with clinicians 

regarding their clinical interests. In the exploratory analysis, sequence pairs with varying rates of 

crossover/treatment regimen violations may be compared. This may be used to assess the 

performance of methods potentially sensitive to a small percentage of patients adhering to the 

assigned treatment strategy.  

4.3.3.4 Final evaluation 

If Step 1 is successful and the findings from Step 3 are consistent with those from Step 2, this 

would suggest that both Flatiron and English NCRAS data are effective for estimating the 

effectiveness of prostate cancer treatment sequences. If there is a discrepancy, we will investigate the 

causes and areas needing improvement. We intend to assess the extent of discrepancy using the matrix 
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outlined in Section 4.5 

4.3.4 Patient inclusion/exclusion criteria 

The study targets patients aged 18 and over with mCRPC. Depending on the quality of Flatiron 

and NCRAS data, as well as clinical implications, this focus may broaden to include all metastatic 

prostate cancer (mPC) or all advanced prostate cancer cases. Specifically, Prof Rosario and Dr. Pezaro 

are concerned about the databases' ability to accurately identify when patients become castration-

resistant, a status typically determined by prostate-specific antigen (PSA) levels. For the English 

population, this information is unavailable in English NCRAS data and currently only accessible in 

CPRD data.78,79 Additionally, as docetaxel is increasingly used in mHSPC patients prior to castration-

resistance, distinguishing between patients who received docetaxel post-castration resistance and 

those treated while hormone-sensitive in the databases poses a significant challenge. 

The 2020 UK National Prostate Cancer Audit Annual Report indicates an increase in the use of 

docetaxel with standard ADT for new metastatic prostate cancer cases, from 27% in 2019 to 36% in 

2020.80 This usage varied widely across different NHS providers in England, ranging from 0% to 

47%.80 Nevertheless, it may still be possible to capture mCRPC patients among all metastatic patients 

using NCRAS data if we have patients’ full treatment trajectory and time-varying prognostic factors 

not only limited to those upon the emergence of metastases. A crucial part of the study process is to 

investigate whether a proxy of patient’s disease status (i.e. castration-resistant) can be defined by 

specifying an algorithm when a direct variable is lacking. This rationale supports our requests for 

specific data periods and relevant variable information outlined in section 5 Data Requirements.  

In summary, identifying mCRPC patients in RWD, especially within the English NCRAS, may 

be challenging. We aim to collaborate with clinicians to identify these patients using a combination 

of variables if necessary. If we cannot develop an ideal algorithm for this purpose, we will relax the 

restriction regarding mCRPC patients. Specifically, we will analyse newly diagnosed metastatic 

patients regardless of their castration-status. Most importantly, the same criteria will be applied to 

both PC2 & PC3 to enable a fair comparison between these “bridging-studies”. Although the study 

population may slightly differ from what was initially planned, it remains clinically relevant. Notably, 

Professor Rosario highlighted a shift in the treatment approach for metastatic prostate cancer, 

increasingly favouring the early use of systematic anti-cancer therapy alongside ADT, even before 

patients develop castration-resistance. 

4.3.5 Sample size estimation 

The Flatiron dataset is expected to provide a sufficient sample size for our case studies (PC1 & 

PC2), as indicated by a US treatment pattern study from 2013-2017. This study showed 227 patients 

receiving docetaxel followed by enzalutamide (including docetaxel-only patients) and 414 receiving 
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enzalutamide followed by docetaxel (including enzalutamide-only patients).36 Furthermore, 

preliminary data evaluations by Flatiron specialists have confirmed the number of prostate cancer 

patients receiving relevant treatments appears to be sufficient for our study (i.e., preferably exceeding 

the sizes in the GUTG-001 trial22 and previous observational studies of prostate cancer treatment 

sequences, aiming for at least 100-250 patients38,81). 

On the other hand, while precise estimation of patients receiving docetaxel and/or 

abiraterone/enzalutamide annually in NCRAS data is challenging, it is likely to be sufficient. This 

assessment is based on the published UK epidemiology data described Section 4.3.2.44 Specifically, 

according to a recent NICE TA, there are approximately 5,500-5,800 CRPC patients who may be 

eligible for a first-line treatment in England and Wales every year.49 Further, abiraterone, 

enzalutamide, and docetaxel are among the most frequently administered therapies.48-51 

4.4 Sequential treatment Target Trial: renal cell carcinoma case studies 

4.4.1 Benchmark RCT 

RECORD-3, an international phase-2b trial, has been identified as a valuable benchmark in 

evaluating treatment sequences for metastatic treatment-naïve metastatic RCC (mRCC) patients. This 

trial compares the efficacy of the two following treatment sequences in treating metastatic treatment-

naïve mRCC patients: 19,25 

o everolimus as first-line therapy followed by second-line sunitinib (n = 238)  

o sunitinib as first-line therapy followed by second-line everolimus (n = 233)  

Despite being a potential benchmark, only one of the treatment sequences in RECORD-3 has 

been available in the NHS. Everolimus was never recommended as first-line therapy and sunitinib 

was not recommended as second-line therapy in the NHS.82 This statement has been confirmed with 

our medical oncologist, Professor Janet Brown and further supported by recent observational data 

from three UK hospitals.83 Everolimus accounts for only 0.6% of all treatments among 652 mRCC 

patients in 2008-2015.83 Further, only 0.5% of all patients who ever received a second-line treatment 

received sunitinib as a second-line therapy.83 On the contrary, sunitinib accounts for 60.7% of first-

line therapies, and everolimus accounts for 41.9% of second-line therapies. However, it is likely that 

the percentage of patients using sunitinib followed by everolimus as first- and second-line therapy 

has been decreasing because other newer agents for treating mRCC have been available since 2015. 

Particularly, everolimus has gradually been shifted to be used as a later-line therapy (e.g. 3rd or 4th 

line) in recent years, while sunitinib remains as a common first-line therapy.84 Despite these changes, 

historical data from the NCRAS, especially for the RCC incident cohort in 2015 and 2016 (at the 

beginning of acquisition of newer treatments in the NHS), may still provide insights into the sequence 

of sunitinib followed by everolimus. 
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Similar to the prostate cancer study series (Section 4.4), there is no “perfect” benchmark trial for 

the RCC. However, at least one of the treatment sequences in RECORD-3 is likely to exist in the 

NCRAS data. Thus, RECORD-3 remains a valuable reference, enabling a direct comparison between 

the benchmark trial results and the Target Trial analysis conducted using NCRAS data. In summary, 

the primary aim of this RCC case study is to explore the feasibility and reliability of using NCRAS 

data to replicate results of a single arm in the RECORD-3 trial (i.e. sunitinib  everolimus).  

4.4.2 Demographics of renal cell carcinoma (RCC) in England 

In England, approximately 13,000 new kidney cancer cases are reported annually (2015-2017)85, 

with more than 80-90% being RCC.44 Approximately one-fourth of these patients present with 

advanced-stage cancer and 25-34% have metastases at diagnosis.85,86 About 75% of advanced-stage 

RCC patients are eligible for a first-line systematic therapy.87 

Current treatment for mRCC primarily includes targeted therapy (e.g., tyrosine kinase inhibitors, 

TKIs) and immunotherapy (e.g., PD-1 and PD-L1 inhibitors).83,88 In the NHS, sunitinib and 

pazopanib have been first-line therapies for mRCC since 2009 and 2011, respectively.89 Tivozanib 

and cabozantinib (both through CDF) were introduced as additional first-line treatment options for 

mRCC starting in 2018.58 Subsequently, more treatments became exclusively available as first-line 

therapies for mRCC through the CDF58, including nivolumab plus ipilimumab (since 2019 and further 

passed NICE CDF review in 2022), avelumab-axitinib combination (since 2020), lenvatinib-

pembrolizumab combination (since 2023). The NHS has adopted the following treatments for mRCC 

patients who are in need of second-line or later-line therapies: axitinib90 (from 2015), nivolumab87 

(from 2016), everolimus (from 2017 through CDF, previously through CDF for more restricted 

indication), cabozantinib (from 2017 through CDF), and the lenvatinib-everolimus combination 

(from 2018 through CDF).58  

Professor Janet Brown stated that in England, before targeted therapy and immunotherapy 

became widespread, approximately 10-15% of patients with less advanced cancer were treated with 

interferon-alpha before receiving any other systemic anti-cancer therapies. Additionally, everolimus 

has been shifted from second-line treatment to later stages of treatment (third or fourth-line treatment) 

in recent years for patients with an Eastern Cooperative Oncology Group (ECOG) score below 2. 

This adjustment reflects the lack of substantial survival benefits of everolimus and instead emphasises 

its role in improving patients' quality-of-life.  

Professor Brown clarified that there is no standardised adjuvant therapy for mRCC patients, 

indicating that systematic therapy may or may not accompany surgical interventions before 

metastases appear.91 She added that patients who are suitable for operations like nephrectomy, and 

those who do not rapidly develop metastases post-nephrectomy, usually have a more favourable 
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prognosis. Specifically, these patients are typically deemed healthy enough to undergo surgical 

interventions at the first place. Conversely, elevated calcium levels in patients typically indicates a 

poorer prognosis. 

Professor Brown further suggested that patients with mRCC who remain in good health 

conditions (i.e. desirable performance status) may receive up to 5 or 6 lines of treatment with each 

subsequent relapse. However, a significant proportion (roughly 40-50%) of mRCC patients receive 

only three lines of treatment before death. This can be attributed to either their frailty preventing 

further treatment upon disease progression or mortality occurring before subsequent treatments. The 

introduction of newer treatment options, particularly cancer immunotherapies since 2016, has 

significantly improved the overall survival (OS) of mRCC patients.92 Previously, patients who 

received solely TKIs had an OS range of 1-2 years up to 4-5 years after being diagnosed. 

4.4.3 Target Trial Emulation 

This section presents the design of a single-arm Target Trial to assess the viability of using 

NCRAS data to replicate the sunitinib to everolimus sequence results from the RECORD-3 trial. 

Table 3 specifies these details. 

In routine clinical practice, unlike controlled sequential treatment trials, patients may receive 

various second-line treatments based on the outcomes of their first-line therapy. Additionally, some 

patients might not receive any second-line treatment, and the reasons for this can differ from those 

seen in clinical trials. For instance, in the NCRAS data, patients initially treated with sunitinib might 

have different second-line treatments, though everolimus could have been an option. In our emulation 

of the RECORD-3 trial's sunitinib to everolimus arm, solely analysing NCRAS data patients who 

completed this treatment sequence could be problematic. Such an approach implies selecting patients 

based on a non-random future decision: the progression to second-line everolimus is contingent on 

the outcome of the first-line sunitinib treatment, rather than a predetermined treatment plan. Selection 

conditioning on a post-treatment variable (i.e., as-treated effect) could lead to immortal-time bias. 

Nevertheless, such an approach is not uncommon in observational studies and one should be cautious 

in interpreting the results of these analyses.93,94   

In our RCC study, we aim to highlight the strengths of causal inference in estimating treatment 

sequence effectiveness in a single-arm Target Trial by contrasting the following three effects:  

o As-treated effect: include only patients who received sunitinib as their first-line treatment 

and proceeded to everolimus as their second-line therapy for time-to-event outcome 

assessment 

o Standard per-protocol effect: include all patients who received sunitinib as their first-line 

therapy for time-to-event outcome assessment and censor those who did not proceed to 



   

37 

 

everolimus as their second-line therapy by the time of treatment-switching 

o Hypothetical per-protocol effect assuming complete adherence to treatment assignment: 

include all patients who received sunitinib as a first-line therapy for time-to-event outcome 

assessment and adjust for treatment-switching with causal inference methods if they did not 

receive everolimus as a second-line therapy 

While the as-treated effect clearly faces the risk of immortal time bias, the standard per-protocol 

effect could encounter issues if censoring is informative. On the other hand, the hypothetical per-

protocol effect, assuming complete adherence to the assigned treatment, somewhat mirrors the 

approach used in RCTs to address treatment-switching.95 This involves adjustments for unintended 

switches, such as when patients initially assigned to standard therapy subsequently move to a new 

drug. Implementing this approach could help mitigate biases in estimating the effects of treatment 

sequences. While there are similarities in the causal inference methods applicable, our single-arm 

Target Trial analysis, which uses RWD, presents additional complexities. Specifically, it lacks a 

randomisation baseline for reference and patients in real-world settings often switch between multiple 

drugs. Part of our study involves assessing if varying methods for the hypothetical per-protocol effect 

yield discrepancies, and how to interpret these differences. 

The challenges in replicating the RECORD-3 trial single-arm results could stem from several 

factors. A primary concern is confounding by subsequent treatments beyond second-line. About half 

of patients in the RCORD-3 trial received additional treatments after the second-line, but detailed 

information on these is unavailable. It may be possible that the options of subsequent treatments are 

different or the rate of receiving a subsequent treatment is incomparable to the clinical practice in 

England. Another potential issue is the difference in patient demographics, including age and 

adherence to treatment, despite matching the same inclusion/exclusion criteria of the trial as far as 

possible. If feasible within our project’s limited timeline, we might consider undertaking exploratory 

analyses to see whether additional causal inference methods can aid in resolving these issues. These 

methods may include adjustments for variations in treatment exposure due to non-adherence (e.g. 

delay of treatment), or methods of extending inferences and formulating external control arms using 

RWD (i.e., emulating the sunitinib  everolimus arm as an external control for the trial's everolimus 

 sunitinib arm).96,97 However,  

4.4.4 Patient inclusion/exclusion criteria 

The RCC case study mainly focuses on patients with mRCC. In this study, Target Trial Analysis 

Set 1 strives to closely match the eligibility criteria of the RECORD-3 trial, essentially creating a 

RECORD-3 trial-mimicking population (Table 3: Eligibility criteria). Conversely, the Target Trial 

Analysis Set 2 aims to extrapolate the findings in a more generalised population, including all mRCC 
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patients aged 18 or older. 

4.4.5 Sample size estimation 

In the UK, it is estimated that each year, 2,500 to 3,000 new cases of mRCC are diagnosed. 

Approximately three-quarters of these patients (est.n = 1,875-2,250), might be eligible for first-line 

therapy. According to a recent UK study, prior to 2015, sunitinib may account for roughly 61% of 

first-line therapies before 2015.83 This suggests that around 500 to 600 patients in the NCRAS data 

(2012-2018) could be eligible for our study. Given these figures, pooling mRCC incident cohorts 

from 2012 to 2018 (or later) should provide us with a sufficiently large sample size for the single arm 

Target Trial analyses. 
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Table 3. A single-arm Target Trial replicating sunitinib-everolimus arm in the RECORD-3 trial using NCRAS data  

 Benchmark RCT: RECORD-3 trial19,25 A single-arm Target Trial: Analogue of the RECORD-3 sunitinib-everolimus 

arm using NCRAS data 

 

Eligibility 

criteria  

The eligibility criteria presented here are an abridged version from 

Knox et al.’s 2017 publication, with further details in RECORD-3’s 

protocol on ClinicalTrials.gov.98 

 

Patients aged 18 years or older with measurable mRCC as per RECIST 

v1.0 were included. Prior nephrectomy was not a prerequisite. Key 

eligibility criteria included no previous systemic therapy, a KPS score 

of 70% or higher, adequate hematologic, liver, and kidney function, 

and a normal left ventricular ejection fraction. Patients with brain 

metastases were excluded.  

Target Trial Analysis Set 1: Matching the eligibility criteria in the RECORD-3 as far 

as possible. The KPS score information is not available in the NCRAS data; 

however, it may be converted into an ECOG score.99  

 

Target Trial Analysis Set 2: All patients who were aged 18 years or older with 

mRCC will be included. 

Treatment 

strategies  

• Group A: first-line everolimus 10 mg/day until PD followed by 

sunitinib (4 weeks on, 2 weeks off as second-line therapy (n = 

238) 

• Group B: first-line sunitinib 50 mg/day (4 weeks on, 2 weeks off) 

until PD followed by everolimus as second-line therapy (n = 233) 

 

The crossover period is defined as the interval between the end of the 

first-line treatment and the start of the second. The crossover 

(initiation of the second-line treatment) should occur within 35 days of 

disease progression. Patients had a minimum 2-week period after 

discontinuation of the first-line drug because of progression before 

beginning the second-line drug. Dose modifications were permitted for 

adverse events. 

Single group: first-line sunitinib until disease progression* followed by everolimus as 

second-line therapy. Treatment crossover (the initiation of second-line therapy) 

should occur within 35 days of progression, and patients should have a minimum 2-

week period after discontinuation of the first-line drug because of progression before 

beginning the second-line drug. 

 

Dose modifications were permitted for adverse events. Professor Brown noted that 

patients switching treatments due to toxicity, rather than disease progression (thus not 

advancing in treatment lines), typically did so within 3-6 months of starting therapy. 

In such cases, patients often moved to another drug within the same class, like from 

one TKI to another TKI. For those who started with everolimus before 2015, a 

reduced dosage sequence (e.g., 50 mg/day  37.5 mg/day  25 mg/day) upon 

disease progression was common due to the lack of alternative later-line therapies at 

that time. 

Assignment 

procedures 

Eligible patients were randomly assigned (1:1) to receive either 

everolimus followed by sunitinib or the reverse sequence. The random 

assignment was stratified by MSKCC risk criteria (favorable, 

intermediate, or poor risk). Patients received the first-line drug until 

disease progression (according to RECIST v1.0), discontinuation due 

All patients will be receiving sunitinib as first-line therapy and followed with a 

second-line everolimus upon disease progression*. 

 

In this single-arm Target Trial, randomisation is not required. Our focus is on 

replicating the condition where patients were assigned a treatment sequence of 
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to unacceptable toxicity, or for any other reason. Upon disease 

progression, patients were eligible to switch to the second-line drug 

until further progression.  

sunitinib followed by everolimus.  Although the RECOTD-3 trial stratified patient 

recruitment using the MSKCC risk criteria, this information is unavailable in 

NCRAS data. Professor Brown indicated that ECOG might not be an ideal substitute 

for MSKCC criteria, and therefore, we will conduct further investigations into 

alternative variable combinations that could serve as better proxies.  

Follow-up 

period 

Patients were followed up since the initiation of their first-line 

treatment, until either death, data-cut off, lost-to-follow-up, whichever 

occurred first. Since the RECORD-3 trial's final enrolment was in June 

2011 and the data cutoff for the final analysis was in June 2014, the 

minimum follow-up period would have been approximately 3 years, 

had no patients been lost to follow-up and all remain alive. 

The follow up begins with the initiation of the first-line therapy until the occurrence 

of death, loss to follow-up, or data cut-off, whichever occurs first.  

 

Our analysis will target patients who could have a theoretical minimum follow-up of 

3 years, matching the RECORD-3 trial's follow-up duration as closely as possible. 

For example, for a data cut-off date of December 2021, we will include all patients 

who were eligible for enrolment before the end of 2018, regardless of their actual 

follow-up period. Patients with less than 3 years of actual follow-up will be marked 

as lost to follow-up (censored), ensuring alignment with the RECORD-3 trial without 

introducing selection bias. The criterion of 3 years may be relaxed if the sample size 

is insufficient.    

Outcome Primary endpoints: 

1. PFS of first-line therapy: time from the first date of first-line 

treatment to progression during first-line treatment or death from 

any cause. Patients without progression* or death at data cut-off 

for the analysis or at the time of receiving additional anticancer 

therapy, including the second-line drug were censored at their last 

date of adequate tumour evaluation. 

 

Secondary endpoints: 

1. Combined first- and second-line PFS: the time from 

randomisation to progression after second-line treatment or death 

from any cause. Patients who did not crossover to second-line 

therapy or who did not experience progression after the start of 

second-line treatment or who were alive at data cut-off for the 

analysis or at the time of receiving an additional anticancer 

therapy, were censored at last date of tumour evaluation.  

Primary endpoints: 

1. OS: time from the first date of first-line treatment to death  

 

Secondary endpoints: 

1. Combined first- and second-line PFS: the time from the first date of first-line 

treatment to progression* after second-line treatment or death from any cause. 

Patients who did not crossover to second-line therapy or who did not 

experience progression* after the start of second-line treatment or who were 

alive at data cut-off for the analysis or at the time of receiving an additional 

anticancer therapy were censored at their last date of structural activity plus 

grace period. 

2. PFS of first-line therapy: the time from the first date of first-line treatment to 

progression* during first-line treatment or death from any cause. Patients 

without progression* or death at data cut-off for the analysis or at the time of 

receiving additional anticancer therapy, including the second-line drug, were 

censored at their last date of structural activity plus grace period. 
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2. OS: time from randomisation to death (no formal power 

calculation was made, and the expected number of deaths was 

300) 

 

Exploratory endpoints:  

1. Second-line PFS: time from the start of second-line treatment to 

progression or death  

Professor Janet Brown suggested that the judgement of disease progression in routine 

practice (i.e. a combination of clinical and radiology progression assessment) may 

vary between clinicians and may differ from clinical trials, which often involve 

independent central using RECIST. Patients remain on a treatment or radiology 

showing < 20% increase may be an indicator of disease remains stable without 

progression.      

Causal 

contrasts of 

interest 

Per-protocol effect was estimated for first-line PFS, OS and combined 

PFS. A notable proportion of patients were censored in estimating the 

combined PFS and OS in RECORD-3, owing to delayed crossover to 

second-line therapy, with 57% patients in the sunitinib-everolimus arm 

and 56% patients in the everolimus-sunitinib arm. The crossover, 

which is the start of receiving second-line treatment, should occur 

within 35 days of progression. The period between the end of first-line 

treatment and the beginning of second-line therapy is the crossover 

period.19 

Main analysis: 

1. Hypothetical per-protocol effect: estimating the hypothetical effect had all 

patients adhered to the treatment strategy to which they are assigned in our 

analyses. This approach includes all patients who received sunitinib as a first-

line therapy for time-to-event outcome assessment and adjust for treatment-

switching with causal inference methods if they did not receive everolimus as a 

second-line therapy or did not have a timely cross-over. 

 

Exploratory: 

1. Analogue of intention-to-treat effect: estimating the effect according to the first-

line therapy.  

2. As-treated effect: estimating the effect according to the actual treatment 

sequences. This approach only includes patients who received sunitinib as their 

first-line treatment and proceeded to everolimus as their second-line therapy for 

time-to-event outcome assessment. 

3. Standard per-protocol effect: This approach includes all patients who received 

sunitinib as their first-line therapy for time-to-event outcome assessment and 

censor those who did not proceed to everolimus as their second-line therapy by 

the time of treatment-switching or did not have a timely cross-over without any 

adjustment for informative censoring 

Analysis plan  Kaplan-Meier survival curves and log-rank tests. Hazard ratios and 

95% CI were estimated from a Cox proportional hazard models for 

PFS, OS and combined PFS, stratified by the MSKCC risk criteria. 

 

• Descriptive analyses will be conducted to understand the overall treatment 

pattern in the data and to estimate the sample size.   

• Patient characteristics at treatment initiation and at cross-over will be examined 

and compared with those in the RECORD-3 trial 

• KM survival curves, survival probability (e.g. median survival)/event incidence, 

and cox proportional hazard ratios (and/or risk ratios using pooled logistic 

regression), will be conducted for all time-to-event outcomes. 
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Time-to-event outcome analyses will be performed for the as-treated, and standard 

per-protocol effect, the hypothetical per-protocol effect assuming complete 

adherence to treatment assignment. Marginal structural models using inverse 

probability weight and other G-methods will be used to facilitate the emulation of the 

hypothetical per-protocol effect assuming complete adherence to treatment 

assignment and account for time-varying confounders.  

PD, progressive disease; ECOG, Eastern Cooperative Oncology Group performance status; KM: Kaplan-Meier; KPS, Karnofsky performance status; mRCC, metastatic renal cell carcinoma; MSKCC, 

Memorial Sloan-Kettering Cancer Center; NCRAS, National Cancer Registration and Analysis Service; OS: overall survival; PFS: progression-free survival; RCT, randomised controlled trials; 

RECIST, Response Evaluation Criteria in Solid Tumors; TKI, tyrosine kinase inhibitors 

 

* The final operational definition of disease progression can vary across databases and will be determined through discussions with clinical experts and data experts, due to the uncertainty in data 

quality. If a specific progression date is unavailable, we might use a composite of variables to obtain a proxy date of disease progression, such as treatment discontinuation.  

 PSA level is unavailable in the NCRAS data, and therefo%re will not be included in the English NCRAS analysis.



   

43 

 

4.5 Benchmark trial-RWE agreement assessment 

This section delves into the methods to assess the alignment between benchmark clinical trials 

and their emulated counterparts, which are crucial for evaluating the extent of and discussing potential 

reasons for any discrepancies observed. The matrix primarily comprises three components, with the 

first three assessment criteria adapted from those used in the RCT DUPLICATE studies.24,34,100  

(1) Regulatory agreement: This component assesses whether the RWE replicates its benchmark’s 

results (such as hazard ratio (HR) and risk ratio (RR)) in terms of both direction and statistical 

significance observed in the benchmark trials. While RCT DUPLICATE established criteria for 

evaluating regulatory agreement in both superiority and non-inferiority trials34, our chosen 

benchmarks (such as GUTG-001 and RECORD-3) were not intended for regulatory use and hence 

did not specify any non-inferiority margin. Therefore, our primary focus is to compare RWE and 

RCT data and treated them as superiority trials, evaluating whether the direction and significance 

of RWE’s estimates matched those of the benchmarks. Endpoints with non-significant effects in 

RCTs should also show no significant effect in RWE. 

(2) Estimate agreement: Considering the potentially disproportionately large sample size of RWE, 

achieving statistical significance might be easier compared to the benchmarks (and thus not easier 

to meet the first criteria). Therefore, this step examines whether the point estimate of RWE’s 

effect sizes falls within the 95% confidence intervals (CIs) of the benchmark trial. Furthermore, 

we added an extra procedure to include the comparison of non-relative effect estimates for time-

to-event outcomes. For example, it examines whether the point effect of median survival estimates 

falls within the 95% confidence interval (CI) of the trial. 

(3) Exploratory - standardised differences: The third criterion is exploratory in nature. It involves 

computing the standardised difference to compare the relative effect estimates from the 

benchmark and the RWE, to determine whether there is a statistically significant difference in the 

estimated effects, as indicated in the RCT DUPLICATE study, using the formula below.34 

Z =  
θ�𝑅𝑅𝑅𝑅𝑅𝑅 − θ�𝑅𝑅𝑅𝑅𝑅𝑅�𝜎𝜎2𝑅𝑅𝑅𝑅𝑅𝑅 + 𝜎𝜎2𝑅𝑅𝑅𝑅𝑅𝑅, where an absolute Z-value less than 1.96 indicates no significant difference 

between the estimates from RWE and RCT. 

(4) Exploratory - survival curve comparison: This additional criterion, specific to our study, involves 

comparing RWE survival curves with those from the benchmark trial for time-to-event outcomes. 

The key aspect here is assessing whether the point estimates of the RWE survival curve for each 

treatment-sequence group fall within the 95% CI of the benchmark trial. Since RCTs typically 

present Kaplan-Meier (KM) curves, without patient-level data, we aim to reconstruct patient-level 

survival data from benchmark RCTs using Guyot et al.'s digitisation method for extracting 

information from published KM curves101, wherever possible. We introduced this extra criterion 
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beyond what was included in RCT DUPLICATE, emphasising the importance of verifying 

whether absolute outcomes (like survival times) in our emulation match those in the RCT, and 

not solely focusing on relative effect estimates. This is crucial because there is a possibility that, 

even with similar relative effect estimates, the absolute effect may significantly vary, indicating 

a less ideal emulation. This holds particular importance in scenarios where RWE is employed to 

form external control arms, notably in our RCC case study (Section 4.4) which focuses on the 

emulation of a single arm. 

This assessment matrix is specifically designed for comparing the benchmark-RWE pair in the 

PC1 case study (GUTG-001 versus its emulation using Flatiron data). However, its application to the 

benchmark-RWE pairs in the PC2, PC3, and RCC case studies can be limited in terms of 

interpretation. For example, PC2 utilises an emulated benchmark instead of a traditional RCT. 

Additionally, in PC3's single-arm study, only the fourth criterion and certain aspects of the second 

criterion, particularly the comparison of non-relative effects, are pertinent.  

4.6 Software for analysis 

The data will be analysed in R and STATA to conduct Target Trial emulations in different cancer 

types to explore the feasibility of applying causal inference methods for estimating the effectiveness 

of different treatment sequences using RWD. All analyses will be documented in R script and Stata. 

Do files.  

5 Data acquisition  

5.1 Overview 

This section offers an overview of the specification of datasets and variables we originally 

planned to request from the NCRAS and Flatiron databases for the analyses detailed in Section 4 

(Analysis Plan). For transparency, we reported our original specifications and included feedback 

received from analysts of both databases during the data application process. Our main objective is 

to gather detailed patient information to identify eligible patients who fit the inclusion/exclusion 

criteria of our Target Trial case studies. This includes two specific patient groups: 1) individuals with 

prostate cancer (ICD-10: C61x) in both the Flatiron and NCRAS databases, and 2) those with RCC 

(ICD-10: C64x) in the NCRAS database. Importantly, we also need longitudinal patient data for 

measuring time-varying treatments, covariates and outcomes, such as overall survival. 

Patient selection and emulation taking into account time-varying treatment exposures will be 

based on various factors including basic characteristics (age, sex, date of diagnosis, cancer stage, 

performance status), tumour prognostic factors (histology, morphology, tumour size, co-morbidities), 

and treatment details (anti-cancer treatments, pre-diagnosis treatment history, treatment duration). 
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This information is needed at diagnosis, first-line treatment, and, if available, at the time of treatment 

switching. For evaluating outcomes, we require information on the dates of patients' deaths (to 

estimate overall survival), signs of treatment relapse (for assessing progression-free survival), and 

factors leading to follow-up loss (e.g., relocating out of the country), wherever available. 

For the Flatiron data application, we submitted our study protocol and variable requirements, as 

outlined above and in Section 5.3, specifically for prostate cancer patients, to the Flatiron scientists 

for evaluation. This approach was necessary because Flatiron's data dictionary is not publicly 

available. In response, Flatiron informed us of potential limitations in using their database for our 

planned analysis. Contrary to NCRAS, which supplies only the variables specifically requested, 

Flatiron grants access to their entire standard disease-specific database, such as the metastatic prostate 

cancer database, upon approval of the data application. 

For the NCRAS database application, we employed the most recent ODR NCRAS data 

dictionary template (v4.4)102 available at the time when we initially applied. This helped us identify 

relevant variables and customise our data request, including justifications for each variable we 

requested. A complete list of datasets, variables, and cohort definitions for the NCRAS data 

application can be found in the Appendix. This list, along with the protocol, has been under review 

by the NHS ethics committee and the ODR/NHSD, and has been amended based on their feedback.  

The subsequent paragraphs (Section 5.2-5.5) provide specifics on the datasets and variables we 

requested from Flatiron and ODR/NHSD, including detailed original content specifications.  

5.2 Relevant datasets required 

5.2.1 Flatiron datasets required 

All relevant datasets in the standard Flatiron mPC database, containing necessary variable 

information as outlined in Sections 5.1 and 5.3, will be used wherever available. 

5.2.2 NCRAS datasets required 

• English Cancer Registry  

• SACT dataset 

• Radiotherapy dataset (RTDS) 

• HES admitted care 

• HES outpatient 

• HES accident and emergency 

• Cancer Waiting Time  

5.3 Relevant variable information required  



   

46 

 

Our primary analyses (Figure 1) only planned to include patients that match with the 

inclusion/exclusion criteria in the benchmark RCTs (case study PC1 and RCC Analysis Set 1). 

However, we will conduct further “real-world effect” analyses on a wider population compared to 

the restricted trial population (case study PC2, PC3 and RCC Analysis Set 2). Consequently, our data 

application requests records of all patients diagnosed with prostate cancer or RCC, not just a specific 

subset. We requested all available pre- and post-diagnosis patient records, wherever available. 

Comprehensive data collection is crucial for our sequential treatment Target Trial analyses, especially 

for integrating time-varying exposures in assessing treatment sequence effectiveness. Table 4 

presents the operational definitions of the required variable/information, with detailed justifications 

for each specific requested variable provided separately to ODR/NHS Digital using the ODR NCRAS 

data dictionary version 4.4102.  

Time-to-event outcomes like overall survival (OS) will be calculated from treatment initiation 

to the patient's death. In contrast, defining PFS requires careful consideration due to potential 

unavailability of exact progression dates. Our approach involves integrating proxy variables to 

estimate these dates, such as instances of treatment discontinuation. Patients who encounter adverse 

events or dropouts, when identifiable and pertinent to the protocol, may be censored as appropriate. 

Operational definitions defined in Table 4 may be refined following discussions with clinical 

experts and database analysts, and upon discovering more relevant algorithms in the literature, such 

as those for comorbidity definition.  

Table 4. Summary of variable requirements and operational definitions 

 Prostate cancer case studies Renal cell carcinoma case studies 

Cancer type  ICD-10: C61x ICD-10: C64x 

Basic 

characteristics 

Age, sex, date of diagnosis, date of first-line treatment, date of second-line treatment, cancer 

stage, ECOG performance status, tumour size, tumour histology, tumour morphology  

Comorbidities 

considered for 

replicating the 

inclusion and 

exclusion criteria 

of the 

benchmark trials 

in PC1 and RCC 

Analysis Set 2 

• Brain metastasises (ICD-10: C79.3) 

• Contraindications of abiraterone and 

enzalutamide - pregnancy (ICD-10: 

O00x, O01x, O02x, O03x, O04x, O05x, 

O06x, O07x, O08x)103 (It is unlikely 

that men have any diagnosis of 

pregnancy, but this can be used to test 

the quality of the NCRAS/HES data) 

• Active epidural disease (G95x other and 

unspecified diseases of spinal cord) 

• Active concurrent malignancy (ICD-10: 

C00x-C43x, C45x-C96x, D00x-D05x, 

D07x-49x) 

• History of seizures or cerebrovascular 

events (ICD-10: G40x, I60x-69x) 

• Gastrointestinal disorders affecting 

absorption (ICD-10: K90x) 

• Metastasises (ICD-10: C79x) (of other 

cancers) 

• Brain metastasises (ICD-10: C79.3): 

Professor Janet Brown suggested that 

roughly 1 in 20 mRCC patients may have 

de novo brain metastatses. 

• End-stage renal disease (ICD-10: N18.6)  
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• End-stage renal disease (ICD-10: 

N18.6) 

• Major surgery within 4 weeks of 

starting study treatment 

Comorbidities 

considered for 

adjusting 

prognostic 

factors 

We planned to use the Charlson Comorbidity Index (CCI) from NCRAS data as an indicator of 

disease severity for adjusting baseline characteristics. Given the CCI's nature as a summary 

score with various algorithm versions, we may perform sensitivity analyses with alternative 

algorithms for defining comorbidities. A study utilising HES data validated a CCI ICD-10 

translation (based on the Deyo and Dartmouth-Manitoba ICD-9 adaptations) for predicting in-

hospital mortality in urological cancer surgery patients.104 Although not specific to prostate 

cancer or RCC, this algorithm developed by Sundararajan et al. (outlined below) may be 

relevant as it has been validated in NHS cancer patients. Other validated tools, such as 

Elixhauser scores or individual comorbidity variables may also be considered subject to 

discussion with clinicians.105 For example, for the US population, the Combined Comorbidity 

Score developed by the Harvard group may be particularly relevant.106,107 

Condition Weights ICD-10-AM 

Acute myocardial infarction 1 I21, I22, I252 

Congestive heart failure 1 I50 

Peripheral vascular disease 1 I71, I790, I739, R02, Z958, Z959 

Cerebral vascular accident 1 I60, I61, I62, I63, I65, I66,G450, G451, G452, G458, G459, G46, I64, 

G454, I670, I671, I672, I674, I675, I676, I677 I678, I679, I681, I682, 

I688, I69 

Dementia 1 F00, F01, F02, F051 

Pulmonary disease 1 J40, J41, J42, J44, J43, J45, J46, J47, J67, J44, J60, J61, J62, J63, J66, 

J64, J65 

Connective tissue disorder 1 M32, M34, M332, M053, M058, M059, M060, M063, M069, M050, 

M052, M051, M353 

Peptic ulcer 1 K25, K26, K27, K28 

Liver disease 1 K702, K703, K73, K717, K740, K742, K746, K743, K744, K745 

Diabetes 1 E109, E119, E139, E149, E101, E111, E131, E141, E105, E115, E135, 

E145 

Diabetes complications 2 E102, E112, E132, E142 E103, E113, E133, E143 E104, E114, E134, 

E144 

Paraplegia 2 G81 G041, G820, G821, G822 

Renal disease 2 N03, N052, N053, N054, N055, N056, N072, N073, N074, N01, N18, 

N19, N25 

Cancer 2 C0, C1, C2, C3, C40, C41, C43, C45, C46, C47, C48, C49, C5, C6, C70, 

C71, C72, C73, C74, C75, C76, C80, C81, C82, C83, C84, C85, C883, 

C887, C889, C900, C901, C91, C92, C93, C940, C941, C942, C943, 

C9451, C947, C95, C96 

Metastatic cancer 3 C77, C78, C79, C80 

Severe liver disease 3 K729, K766, K767, K721 

HIV 6 B20, B21, B22, B23, B24 
 

Treatments • All patients whoever received any 

systematic anti-cancer therapy for their 

prostate cancer.    

• All patients whoever received any 

systematic anti-cancer therapy for their 

RCC.  
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• Common treatments: abiraterone, 

enzalutamide, docetaxel, carbizitaxel, 

sipuleucel-T, radium-223 

• Common treatments:  sunitinib, 

everolimus, pazopanib, sorafenib, 

temsirolimus, axitinib, nivolumab, 

cabozantinib, tivozanib, lenvatinib with 

everolimus, nivolumab with ipilimumab, 

avelumab with axitinib 

Outcome 

measurements 

Death date, disease status (i.e., disease progression, treatment discontinuation, metastasis (e.g. 

ICD-10: C79x), wherever available) 

 

5.4 Data time period 

The full duration of the Flatiron mPC database is not publicly available, but the data curation 

lag is typically minimal. As of the March 31, 2019 cut-off, Flatiron's analysts provided initial sample 

size estimates for our protocol population. They identified about 4,000 mCRPC patients who 

underwent first-line treatment, with 1,700 advancing to second-line therapy. This includes about 600 

patients treated first with abiraterone then enzalutamide, and 400 with the reverse sequence, 

suggesting a sufficient sample size for the study, especially with further inclusion of patients who 

received abiraterone or enzalutamide as first-line therapy without subsequent treatments. Based on 

this confirmation, we were able to confidently proceed with the data application for Flatiron's mPC 

database. 

Patients diagnosed before April 2012 might lack comprehensive treatment data, essential for our 

treatment sequence analysis. The NDRS analysts further recommended focusing on patients treated 

from 2014 onwards due to the improved completeness of SACT data. Moreover, explicitly emulating 

the theoretical minimum follow-up periods of approximately 2 and 3 years, as observed in the GUTG-

00122 and RECORD-319 trials (i.e., from the last patient's enrolment to the data cut-off date), promises 

fairer comparisons. With data access expected to cover up to the end of 2019/2020 by the time of 

application, we aimed to include patients diagnosed or starting their first-line treatment between 

2014-2017 for prostate cancer, and 2014-2016 for RCC case studies, taking into account both the 

respective minimum follow-up periods and SACT data maturity. However, to accommodate 

sensitivity analyses assessing the impact of treatment data and the inclusion of patients not meeting 

the theoretical minimum follow-up periods, we requested data for all patients diagnosed with prostate 

cancer (C61) or renal cell carcinoma (C64) between 01/01/2011 and 31/12/2020 (See Appendix). For 

these patients, we also requested an extended period of records—six years prior to their diagnosis and 

all records post-diagnosis. This is necessary to accurately define time-varying covariates, treatments, 

and outcomes as specified in Section 5.3 (See Appendix).  

5.5 Geography criteria  

For Flatiron data, we requested records from the entire population associated with Flatiron 

Health’s US-affiliated providers. Our NCRAS data request was exclusively for patients in England. 
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Appendix: Specification for NCRAS data extraction 

1. Cohort definition 

• All patients who have been diagnosed with prostate cancer (C61) or renal cell carcinoma (C64) 

between 01/01/2011 and 31/12/2020. 

• Limited to England. 

• Prostate cancer: males. Kidney cancer: males and females. 

• Dataset extraction: 

(1) Cancer Registration data, linked via tumourid for prostate cancer and renal cell carcinoma 

diagnoses as above. 

(2) Data extraction for the cohort from 2005 (6 years prior) for the above patients to the latest 

available data, from the following datasets:  SACT, CWT, HES (APC), HES (OP), HES (A&E) 

and RTDS records, all linked at patient level (therefore comprising treatment data for the 

concurrent tumours below too). For the selected fields within each of the selected tables, as shown 

in the table below. Data is released in separate tables for each dataset. 

(3) A customized separate data table for concurrent tumour records: For the patients in the 

aforementioned cohort, the following fields from the Cancer Registry are required for all other 

cancer diagnoses (all ICD-10 C and D codes) diagnosed from 2009 to 2020: pseudonymised 

patientid, pseudonymised tumourid (ensure different pseudo tumourids to those used for cohort 

above), DIAGNOSISDATE1, DIAGNOSISDATE2, DIAGNOSISDATEBEST, 

DIAGNOSISDATEFLAG, SITE_ICD10_O2, SITE_ICD10_O2_3CHAR, MORPH_ICD10_O2, 

STAGE_BEST, T_BEST, N_BEST, M_BEST, GLEASON_PRIMARY, 

GLEASON_SECONDARY, GLEASON_TERTIARY, GLEASON_COMBINED. 

2. Selected data tables (datasets) and fields (variables)  

Data table (datasets within NCRAS) Requested fields 

Cancer Registry Data PATIENTID (project specific pseudonymised) 

TUMOURID (project specific pseudonymised) 

SEX 

ETHNICITY 

ETHNICITYNAME 

AGE 

DIAGNOSISDATE1 

DIAGNOSISDATE2 

DIAGNOSISDATEBEST 

DIAGNOSISDATEFLAG 

BASISOFDIAGNOSIS 

SITE_ICD10_O2 

SITE_ICD10_O2_3CHAR 

MORPH_ICD10_O2 

BEHAVIOUR_ICD10_O2 

SITE_CODED 

SITE_CODED_DESC 

SITE_CODED_3CHAR 

CODING_SYSTEM 

CODING_SYSTEM_DESC 

MORPH_CODED 

BEHAVIOUR_CODED 

BEHAVIOUR_CODED_DESC 

HISTOLOGY_CODED 

HISTOLOGY_CODED_DESC 

GRADE 
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TUMOURSIZE 

NODESEXCISED 

NODESINVOLVED 

TUMOURCOUNT 

BIGTUMOURCOUNT 

ROUTE_CODE 

FINAL_ROUTE 

STAGE_BEST 

T_BEST 

N_BEST 

M_BEST 

STAGE_BEST_SYSTEM 

T_IMG 

N_IMG 

M_IMG 

STAGE_IMG 

STAGE_IMG_SYSTEM 

T_PATH 

N_PATH 

M_PATH 

STAGE_PATH 

STAGE_PATH_SYSTEM 

STAGE_PATH_PRETREATED 

CHRL_TOT_27_03 

CHRL_TOT_78_06 

HES_LINKED 

GLEASON_PRIMARY 

GLEASON_SECONDARY 

GLEASON_TERTIARY 

GLEASON_COMBINED 

LATERALITY 

DCO 

VITALSTATUS 

VITALSTATUSDATE 

DEATHDATEBEST 

DEATHDATEFLAG 

EMBARKATION 

EMBARKATIONDATE 

DEATHCAUSECODE_1A 

DEATHCAUSECODE_1B 

DEATHCAUSECODE_1C 

DEATHCAUSECODE_2 

DEATHCAUSECODE_UNDERLYING 

DIAG_HOSP 

DIAG_HOSP_NAME 

FIRST_HOSP 

FIRST_HOSP_NAME 

FIRST_HOSP_DATE 

DIAG_TRUST 

DIAG_TRUST_NAME 

FIRST_TRUST 

FIRST_TRUST_NAME 

CCG_CODE 

CCG_NAME 

COUNTY_CODE 

COUNTY_NAME 

GOR_CODE 

GOR_NAME 

CTRY_CODE 

CTRY_NAME 

INCOME_QUINTILE (Income domain, based on version most appropriate for timing of tumour 

diagnosis) 

IMD_QUINTILE (Full IMD, based on version most appropriate for timing of tumour diagnosis) 

RT_FLAG 

CT_FLAG 

SG_FLAG 

EVENTID (project specific pseudonymised) 

NUMBER_OF_TUMOURS 

EVENTCODE 

EVENTDESC 

EVENTDATE 

PROVIDERCODE 

PROVIDERDESC 

TRUST_CODE 

TRUST_NAME 
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PRACTITIONERCODE (Pseudonymised) 

WITHIN_SIX_MONTHS_FLAG 

SIX_MONTHS_AFTER_FLAG 

OPCS4_CODE 

OPCS4_NAME 

RADIOCODE 

RADIODESC 

IMAGINGCODE 

IMAGINGDESC 

LESIONSIZE 

CHEMO_ALL_DRUGS 

CHEMO_DRUG_GROUP 

MULTIFOCAL 

EXCISIONMARGIN 

Systemic Anti-Cancer Therapy 

Dataset (SACT) 

PATIENTID 

TUMOURID 

NHS_Number_Status 

Ethnicity 

Consultant_GMC_Code (pseudonymised) 

Consultant_Speciality_Code 

Organisation_Code_of_Provider 

Primary_Diagnosis 

Morphology_clean 

Stage_at_Start 

Programme_Number 

Regimen_Number 

Intent_of_Treatment 

Adjunctive therapy                    

Analysis_Group 

Benchmark_Group 

Height_At_Start_of_Regimen 

Weight_At_Start_of_Regimen 

Performance_Status_at_Start_of_Regimen_Clean 

Comorbidity_Adjustment 

Date_Decision_To_Treat 

Start_Date_of_Regimen 

Clinical_Trial 

Chemo_Radiation 

Number_of_Cycles_Planned 

Cycle_Number 

Start_Date_of_Cycle 

Weight_At_Start_Of_Cycle 

Performance_Status_At_Start_Of_Cycle_Clean 

OPCS_Procurement_Code 

Drug_Group 

Actual_Dose_Per_Administration 

Administration_Route 

Administration_Date 

OPCS_Delivery_Code 

Date_of_Final_Treatment 

Regimen_Modification_Dose_Reduction 

Regimen_Modification_Time_Delay 

Regimen_Modification_Stopped_Early 

Regimen_Outcome_Summary 

regoutsum_cur_not_com_plan 

regoutsum_non_curat 

regoutsum_toxic 

regoutsum_cur_com_plan 

Radiotherapy Dataset (RTDS) PATIENTID (project specific pseudonymised) 

RADIOTHERAPYEPISODEID (project specific pseudonymised) 

APPTDATE 

DECISIONTOTREATDATE 

EARLIESTCLINAPPROPRIATEDATE 

RADIOTHERAPYPRIORITY 

TREATMENTSTARTDATE 

RADIOTHERAPYDIAGNOSISICD 

RADIOTHERAPYINTENT 

RTTREATMENTREGION 

RTTREATMENTANATOMICALSITE 

PRIMARYPROCEDUREOPCS 

PROCEDUREDATE 

NDRS Linked HES A&E PATIENTID (project specific pseudonymised) 

ethnos 

aeattendcat 

aeattenddisp 
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arrivaldate (date YYYY-MM-DD) 

diag_n 

diag2_n 

diaga_n 

diags_n 

treat_n 

treat2_n 

NDRS Linked HES APC PATIENTID (project specific pseudonymised) 

startage 

ethnos 

admidate (date YYYY-MM-DD) 

elecdate (date YYYY-MM-DD) 

admimeth 

firstreg 

elecdur 

disdate  (date YYYY-MM-DD) 

bedyear 

spelbgin 

epiend (date YYYY-MM-DD) 

epistart (date YYYY-MM-DD) 

speldur 

spelend 

epidur 

epiorder 

epitype 

diag_4n 

diag3_3n  

opertn_nn 

opdate_nn 

operstat 

intmanig 

mainspef 

tretspef 

NDRS Linked HES OP PATIENTID 

ethnos 

apptdate 

attended 

outcome 

priority 

diag_nn 

diag_4 

diag3 

opertn_nn 

opertn_01 

opertn3 

operstat 

mainspef 

tretspef 

Cancer Waiting Times (Treatments 

Only) 

PATIENTID (project specific pseudonymised) 

TUMOURID (project specific pseudonymised) 

TREAT_PERIOD_START 

SITE_ICD10 

METS_SITE 

LATERALITY 

TREAT_START 

WTA_TREAT 

WTA_TREAT_REASON 

CTE_TYPE 

MODALITY 

CLIN_TRIAL 

RADIO_PRIORITY 
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