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Aim: Comparative effectiveness research (CER) is essential for making informed decisions about drug
access. It provides insights into the effectiveness and safety of new drugs compared with existing
treatments, thereby guiding better healthcare decisions and ensuring that new therapies meet the real-
world needs of patients and healthcare systems. Objective: To provide a tool that assists analysts and
decision-makers in identifying the most suitable analytical approach for answering a CER question, given
specific data availability contexts. Methods: A systematic literature review of the scientific literature was
performed and existing regulatory and health technology assessment (HTA) guidance were evaluated to
identify and compare recommendations and best practices. Based on this review a methods flowchart
that synthesizes current practices and requirements was proposed. Results: The review did not find any
papers that clearly identified the most appropriate analytical approach for answering CER questions under
various conditions. Therefore, a methods flowchart was designed to inform analyst and decision makers
choices starting from a well-defined scientific question. Conclusion: The proposed methods flowchart
offers clear guidance on CER methodologies across a range of settings and research needs. It begins with
a well-defined research question and considers multiple feasibility aspects related to CER. This tool aims to
standardize methods, ensure rigorous and consistent research quality and promote a culture of evidence-
based decision-making in healthcare.

Plain language summary: What is this article about?: This article discusses how researchers and
healthcare decision-makers can determine the best way to compare the effectiveness of different drugs.
This type of research, known as comparative effectiveness research (CER), helps to make better healthcare
decisions by providing information on how new drugs perform compared with existing treatments. The
article aims to offer a tool that guides analysts in choosing the right method for their CER based on the
data they have.
What were the results?: The study found that there are no existing papers that clearly explain which
method to use for different CER questions under various conditions. To address this gap, the authors
created a tool - a methods’ flowchart - that will facilitate a transparent way of choosing which method
should be used for a specific CER question. This tool helps researchers start with a specific question and
then choose the best method to answer it, rather than forcing a one-size-fits-all approach.
What do the results of the study mean?: The results mean that researchers and decision-makers now
have a clear guide to help them choose the most appropriate methods for their CER questions. This new
tool aims to make CER more standardized and consistent, which can lead to higher quality research and
better, evidence-based decisions in healthcare. Ultimately, this can improve patient care by ensuring that
new therapies meet real-world needs.
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What this paper aims to achieve
Comparative Effectiveness Research (CER) is defined as “the generation and synthesis of evidence that compares the
benefits and harms of alternative methods to prevent, diagnose, treat and monitor a clinical condition, or to improve the
delivery of care. The purpose of CER is to assist consumers, clinicians, purchasers and policy makers to make informed
decisions that will improve healthcare at both the individual and population level” [1]. As new therapeutic interventions
are developed, healthcare systems worldwide grapple with evaluation including decisions on marketing authorization
and funding based on the available clinical evidence. CER currently plays a critical role for crafting clinical guidelines
and reimbursement policies that facilitate informed decision-making to enhance healthcare outcomes [2,3].

Through our extensive experience with reimbursement dossier submissions and evaluations, we’ve encountered a
dichotomy in the existing guidelines. These can be broadly categorized into two schools of thought: the ‘traditional’
school, which emphasizes the importance of experimental evidence in particular the importance of randomized
designs and; the ‘evolving’ school, which considers alternative evidence when randomized studies are not feasible,
unethical, impractical or underpowered.

Our stance is that use of randomized designs and alternative evidence, while seemingly at odds, can be synergistic
rather than mutually exclusive. Scarcity of data often hampers efforts to comprehensively assess and quantify the
added value of new interventions compared with evolving standards of care. Accordingly, the two approaches may
each serve a purpose depending on the research context and the availability of the data at the time of decision-making
and can complement each other.

Since the development of the ‘evidence pyramid’ which details a hierarchy of evidence informing medical decision-
making prioritizing randomized studies over observational ones, there has been scant guidance on integrating diverse
methodological approaches to evaluate evidence effectively [4]. This paper proposes a framework to navigate the
challenges posed by limited resources – such as time, data and funding – while addressing pressing research
questions.

Multiplicity versus parsimony
William of Ockham, also known as Occam, was a 14th century English philosopher and theologian whose razor
theory has greatly influenced the scientific community with the concept of parsimony in research. Occam’s razor,
suggests that when faced with multiple competing hypotheses, the simplest explanation is often the most likely to
be true. This principle encourages scientists to prefer simpler and more replicable explanations over complex ones.

Occam’s razor has been instrumental in shaping scientific inquiry. It serves as a guiding principle in hypothesis
formulation and model building, pushing researchers to prioritize simplicity in their work. By doing so, Occam’s
razor has led to more efficient and effective scientific progress, as it encourages scientists to avoid unnecessary
complexity that can lead to confusion and inefficiency.

CER aims at answering the question “Does it work?” and it compares the benefits and harms of different medical
interventions both via evidence generation and evidence synthesis [5]. The goal of CER is to provide evidence-
based information to assist patients, doctors and healthcare systems identifying the best therapeutic choices.
When (multiple) research questions regarding a new intervention are formulated, the number of experiments that
can be conducted and leveraged is limited. Randomized controlled trials (RCTs) comparing multiple alternative
options require time and resources and may face challenges in their implementation. Despite the RCT being the
gold standard, it cannot answer all questions that arise when a new intervention becomes available, moreover
generalizability to the specific populations might not be straightforward.
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Inspired by the principle of parsimony and driven by a pragmatic approach, published guidance on this topic
was revisited and a methodological framework to guide the choice of the methodological approach that is best
suited to answer each of the research questions being formulated around a new intervention is proposed.

Interventional data & real-world data can provide supportive evidence for assessing the
effectiveness of new therapies
As previously noted, RCTs are considered the gold standard to assess a new drug intervention. Yet, RCTs are
limited in their potential to address questions that arise when the new intervention becomes available within the
health market for a specific indication and is compared in terms of safety and efficacy to accepted standard of
care interventions [6]. One way to address this is to collect, compare and evaluate interventional data from clinical
trials (e.g., network meta-analysis) and RWD, both of which can provide supportive real-world evidence (RWE) to
assess the effectiveness of new therapies against a standard of care treatment. This is especially true in cases of rare
disease where a prospective and blinded RCT to assess medical product safety and efficacy for a new treatment may
not be feasible within a specific and/or reasonable time-frame and/or may be unethical. Nonetheless, in both rare
and common disease use cases, patient outcomes and/or end points observed in single-arm premarket trials may
generate data that are comparable to observational data reflecting a standard of care approach in real-world settings.

For example, a study published in 2021 assessing treatment outcomes among patients with ROS1+ non-small-cell
lung cancer (NSCLC), a rare and biomarker-defined lung cancer, leveraged electronic health record data reflecting
outcomes from patients treated with crizotinib (n = 65, USA only), a then-current standard of care treatment [7].
The outcomes were compared with clinical trial data (phase I and one phase II single-arm study data) reflecting
outcomes among ROS1+ patients treated with entrectinib (n = 94, Europe, Australia, Asia and the USA), a drug
that received US Food and Drug Administration (FDA) approval in August 2019 for the treatment of NSCLC.
Time-to-treatment discontinuation (TTD) was evaluated as the primary end point in this study, based on two key
factors noted by the authors: the availability of common variables between the clinical trial and RWD cohorts and
TTD was previously identified as a pragmatic end point for use in retrospective RWE studies [7,8]. Such factors,
among potential others across various disease use cases, are useful and insightful for the consideration of CER
study designs that leverage RWD to generate supportive evidence of effectiveness that is comparable to clinical
trial evidence for newly marketed treatments. Thus, in the next section, the timeliness of these considerations to
support health technology assessment (HTA) and regulatory authority decision-making is discussed.

Non-randomized evidence in health authority decision-making
Pharmacoepidemiological studies utilizing non-randomized RWE have been widely used to gather data and evidence
supporting the evaluation of the post-marketing safety of approved medicinal products after they have been brought
to market. The global use and scope of these studies for regulatory decision-making have grown significantly, leading
to the development of various guidelines and best practices documents by regulatory bodies and professional
societies [9].

In 2016, the US introduced the 21st Century Cures Act (Cures Act) [10], aimed at expediting the development
of medical products and ensuring that innovative treatments reach patients more quickly and efficiently. As a
result, the FDA established a RWE Program to assess the potential use of RWD in regulatory decision-making for
drugs [11]. Subsequently, the FDA has released a series of regulatory guidance documents pertaining to the use of
RWD/E for various purposes such as evaluating product safety and effectiveness, assessing medical devices, utilizing
electronic health records, establishing data standards and conducting externally controlled trials [9,11,12].

In parallel, the European Medicines Agency (EMA) has also been actively engaged in this area. They initiated the
Adaptive Pathways Pilot in 2014 [13] and have since published guidance documents like the Operational, Technical
and Methodological (OPTIMAL) framework for leveraging RWE in regulatory decision-making [14]. More recently,
the EMA, in collaboration with the Heads of Medicines Agencies (HMA), established the Big Data Task Force to
enhance standardization of RWD across Europe [15]. Other countries such as Canada, China and Japan have also
published guidelines outlining general principles for planning and designing RWD studies to support regulatory
approvals [16,17]. Additionally, payer and HTA organizations in Europe have been influenced by the growing interest
in RWE. The RWE4Decisions initiative was implemented to define the roles of various stakeholders involved in
the process and propose practical actions for payers, HTA bodies and other stakeholders to incorporate RWE,
particularly in relation to innovative technologies [18].
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Non-randomized evidence for the assessment of relative treatment effects is increasingly relevant for HTA,
however use of RWE is inconsistent [19]. And while CER utilizing RWE has primarily been evaluated in HTA
settings, both regulatory agencies and payers/HTAs now demonstrate greater receptiveness toward the use of RWE.
However, they agree that RWD should be considered complementary to randomized evidence, with its acceptability
dependent on the quality, validity and methodological rigor of the data collection process and analytical approaches
to control for bias and confounding. Therefore, the application of CER to support regulatory or payer/HTA
discussions, especially using RWD, should adhere to a rigorous process that meets the expectations of these
agencies.

Lack of common standards leads to inconsistency in methods used & lower reliability of/trust in CER
Guidelines outline the evidence that health technology developers need to produce to inform regulatory and HTA
decision-making, respectively. While multiple guidelines exist regarding the use of RCT or RWD, a clear standard
encompassing both the use of interventional and observational data, as well as methodologies for analyzing these
data, is notably absent. Furthermore, guidelines across various jurisdictions often present conflicting advice. For
example, the practical guideline on comparisons recently issued by the EU member state coordination group on
HTA in March 2024 indicates explicitly that it does not make any recommendations about whether a submitted
direct and indirect treatment comparison should be accepted by the Member States [20]. Such ambiguity can lead
to methodological discrepancies when researchers tackle similar research questions, complicating the comparison
and synthesis of the results.

These methodological variations and inconsistent use of methods can introduce bias and uncertainty into CER
studies, undermining their reliability and hereby leading to arbitrary decision-making. This can result in confusion,
inequities, or inefficiencies in patient access to care and uncertainty for healthcare professionals and patients when
making treatment decisions. Ultimately, this lack of standardization may erode public and stakeholder confidence
in the overall validity and utility of CER findings. Addressing this issue is critical to enhance the consistency and
credibility of research outcomes, which is foundational for evidence-based practice and policy-making.

Overview of paper structure
The paper is structured as follows: the section "Review of CER methods", along with Appendix A–E, summarize
published guidance around Comparative Effectiveness Research; the section "Proposed CER methods flowchart"
introduces the CER methods flowchart; the following section "Methods flowchart in practice: application to an
example study", provides examples on the use of the methods flowchart in practice; and the section "Future
directions & challenges" proposes future direction and discusses challenges for researchers and policy makers.

Review of CER methods
Is there a consensus about which method is better suited?
Using PRISMA reporting guidelines [21], a systematic review of the literature identified from electronic indexed
databases and select HTA sources was undertaken to identify publications and methodological guidelines that
offer suggestions and best practices for conducting CER. The pre-defined selection criteria utilized a modified
SPIDER framework [22], which is described in Appendix A. The publications included in the review were those
that featured a comparison of at least two approaches for conducting CER, along with specific recommendations or
guidance on how to proceed with CER. Publications that applied CER methods to a specific disease and guidelines
limited to one single method, or topics such as policy, data quality, education and stakeholder engagement were
not considered. Additionally, to be included in the review, publications needed to have either full-text or abstracts
available, and be written in English. However, inclusion of guidelines was not restricted by language.

The database search was conducted on the 30 May 2023. Keywords synonymous with “comparative effective-
ness”, “practice guidelines”, “methodology” and “recommendations” were combined to identify records that could
potentially provide information on the recommendations and best practices for decision-making when conducting
a CER. These searches were supplemented by a search of key HTA and regulatory websites for methodological
guidelines published up to April 2024.

A total of 952 unique records were identified by the searches of EMBASE and MEDLINE (Appendix B). These
records were screened based on their title and abstract using the Abstrackr tool (http://abstrackr.cebm.brown.edu)
by each two independent reviewers who carefully assessed the citations (records review was performed by FC, MD,
SA and SM). Of these title and abstract records, full-texts of 39 of them were selected and screened further using a
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spreadsheet (Google Sheets), again by two independent reviewers, to determine whether they satisfied the criteria
for inclusion, and if data should be extracted from them. In cases where there were disagreements at both levels of
screening, discussions took place to arrive at a decision to either include or exclude the record and when excluded
at the full-text level, a reason was documented for exclusion. Following this screening process, five publications
were deemed relevant [23–27]. In addition, the search of HTA and regulatory websites identified 22 [20,28–48] and
2 [49,50] relevant methodological guideline documents. As a result, 29 publications and methodological guidelines
were included in the review and subsequently, underwent data extraction (Appendix C).

Data extraction elements
It is sometimes unclear for researchers involved in CERs, especially those unfamiliar with the methods, to know
how to decide what types of methodological approach to use for the analyses or which data is best suited to be
analyzed in a CER. As such, guidance related to certain key decision points considered important during the
preparation for a CER was extracted in a predesigned data extraction form (using Google Sheets). The reporting of
these data are presented in Appendix D. See Appendix E for questions that CER researchers should aim to answer
when preparing for such research and how these relate to reporting of CER guidance in evidence identified by the
review.

Summary of findings of the review
Most of the guidance documents identified from peer-reviewed literature [23,24] and HTA [20,28,29,32–48] and regula-
tory [49,50] websites provide a very comprehensive description on specific methods and their application, however,
no single scientific publication or methodological guideline document was found to provide a comprehensive
overview to inform the choice of the methodological approaches that should be used in different situations when
preparing for CERs.

The peer-reviewed documents [23–27] identified from the literature provided sparse guidance with the most
information being reported on the appropriateness of using a RWE study, representativeness of a RWE study, and
identification of confounders in RWE studies used for CER.

HTA documents [28,29,34–48] reported more specific methods guidance when considering the use of data from
randomized studies: availability of clinical data from comparator trials, connectivity of a network based on data
from RCTs and considerations around effect modifiers was deemed important. Guidance on the use of RWE for
CERs was focused mostly on representativeness of the sample included in such studies, and identification and
measurement of confounders.

The Regulatory documents reviewed [49,50] provided mainly guidance for how to use RWE for CER to support
benefit-risk evaluations, with a focus on the following topics: appropriateness of designing a RWE study, feasibility
of a prospective or retrospective study, availability of data from observational studies or single arm trials, representa-
tiveness of a RWE study, identification of confounders in RWE studies used for CER, and availability of individual
patient data (IPD) from RWE studies.

Proposed CER methods flowchart
In this section of the paper a methods flowchart is introduced to help decide when randomized studies or
observational studies and single arm trial (SAT) are appropriate to perform comparative effectiveness/safety research
and to help select the right methodological approach.

Specifying a research question
Evidence Based medicine starts with formulating a clear research question. The Population, Intervention, Com-
parator, Outcome (PICO) framework helps with this task as it guides researchers into defining the patient group
for which we want to make inferences (P), the intervention being considered (I), the relevant comparison (C) and
the clinical outcome of interest (O) [51].

CER methods flowchart
After a research question has been formulated, the proposed decision tree/flowchart (Figure 1) can be adopted
to select the best data and methodological approach. As a first step the feasibility of conducting a prospective
randomized head-to-head trial against the comparator of interest in the target population is evaluated. If such a
trial is feasible, then consideration should be given to a prospectively planned RCT or a randomized pragmatic trial

10.57264/cer-2024-0101
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(RPT). The RCT, introduced in 1946 with the MRC Streptomycin in Tuberculosis trial in the UK, has quickly
become a widely accepted model for design and implementation in clinical research [52]. Its strength lies in its
ability to minimize potential systematic errors or biases. However, concerns about applicability of trial results to
everyday practice were raised in subsequent years. As a result, pragmatic trials have gained interest in the scientific
community more recently [53–55].

Despite the intrinsic values of randomized experimental designs, not every research question can be answered
using such designs. When these are not feasible, ethical or timely, it is advisable to document the challenges
and evaluate alternative approaches for generating evidence. The next step in this process would be to conduct a
systematic literature review (SLR) to identify published clinical studies involving the comparators of interest. The
purpose of a SLR is to provide a concise and unbiased summary of the available evidence [56]. Many HTA bodies
require a SLR as a starting point for the evidence generation process. Through the SLR, published studies involving
the comparators of interest can be identified.

If clinical studies have been published and the data are representative of the target population of interest for the
comparison, availability of results from RCT or RPT can be verified, as these studies provide the best unbiased
estimates of efficacy and safety. When direct evidence from RCT or RPT is available, it is recommended to perform
meta-analyses to summarize the available evidence [21,57].

In many cases, head-to-head comparisons between the treatment options of interest may not have been conducted.
In such situations, the next step is to determine whether a network of connected randomized studies exists. This
occurs when, for example, a health technology developer has conducted a study comparing their drug against a
placebo, and a competitor study has also compared their drug against placebo. In this scenario, the placebo arm
can be used as a bridge to indirectly compare the two treatment options [58].

Indirect comparisons, such as network meta analyses (NMA) and indirect treatment comparisons (ITC), are
valuable tools for synthesizing evidence when head-to-head comparisons are not available or feasible [59]. However,
it is important to acknowledge the potential limitations and biases associated with these methods, particularly
in the presence of differences in study populations. When important effect modifiers are present the standard
ITC/NMA methods may not adequately handle these scenarios. These methods assume consistency of treatment
effects across different patient populations, which may not hold true. In the presence of effect modifiers, caution
should be exercised when interpreting the results of indirect comparisons. Consider for example two oncology
drugs being compared, one of which can pass the blood–brain barrier whereas the other doesn’t: if the first drug
were evaluated in a study population with higher prevalence of patients with brain metastases, whereas the second
in a less prevalent population there would not be equipoise in the indirect comparison. Additional approaches,
such as subgroup or sensitivity analyses may be necessary to explore the impact of effect modifiers and assess the
robustness of the findings. Transparency in reporting and clear communication of the strengths and limitations
of the analysis will contribute to the overall scientific rigor of the study. By acknowledging and addressing these
challenges, researchers can ensure a more accurate interpretation of the findings from ITC/NMA and facilitate
informed decision-making in clinical practice.

When effect modifiers are well-balanced across study populations, standard ITC and NMA methods can be
safely employed. However, in cases where differences exist between the study populations, alternative methods
may be more appropriate. These include IPD NMA, matching adjusted indirect comparisons (MAIC), simulated
treatment comparisons (STC) and multi level network meta-regressions [60–62]. In certain rare cases, when the
populations have identical distributions of prognostic factors and effect modifiers, unadjusted comparisons might
be preferable as they are more straightforward to comprehend.

When published clinical data is either unavailable or does not meet the discussed criteria, use of observational
IPD is a good alternative. Observational data, oftentimes sourced from large databases (registry, electronic health
records, claim databases) have the advantage that observations reflect the reality of the real world, where patients
are treated according to their local standard of care.

The starting point before engaging in the comparison with observational IPD is to perform a database or data
source landscape review to understand which data sources are available. A data dictionary for assessing availability
of data in identified data sources can be prepared. The preferred data source for the population of interest should
consider: data availability (can the data be accessed?), representativeness (is the amount of data sufficient and is it
representative of the target population?), confidentiality (are conditions associated with access to the data?) and the
most appropriate analytical approach.
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Priority shall be given to prospectively collected data, if such data is available and the researcher can have access
to these data with full attention to fitness for purpose, provenance and governance [63]. Additional considerations
include the representativeness of the data to ensure external validity and availability of measurements to control for
potential sources of bias. As observational data is prone to selection bias and confounding, the availability of data
on confounding variables should be considered.

In cases where IPD is available for both the health technology developer’s clinical trial and observational
data containing the comparator population, external control comparisons (e.g., propensity score analyses [PSA],
instrumental variable/negative controls [NC]) are among the appropriate approaches to deal with measured and
unmeasured confounding [64,65], whereas population averaged approaches detailed above are the method of choice
in case that IPD is not available.

In cases where the study population is not representative, or confounders are not appropriately measured, the
research question cannot be answered and the data may be alternatively used to formulate new research questions
or hypotheses.

Validity assessments
The methods flowchart in Figure 1 presents a framework for the selection of appropriate CER methodologies given
the target population, research question and data availability and suitability. As such, it provides a starting point
for analysis. However, to ensure that the subsequent results are reliable and useful for decision-making, it is crucial
to perform validity assessments. Validity assessments can be broadly categorized into internal validity and external
validity. Each type of validity requires different methods of investigation, presented briefly below.

Internal validity refers to the degree to which the results of the analysis accurately reflect the reality within the
study population, unaffected by external or confounding factors. This is especially important in cases of CER study
designs without randomization, and is needed to ensure confidence in the findings. To conduct internal validity
assessments:

Verify statistical assumptions

Internal validity assessments should start with a verification of the model specification and statistical assumptions of
the chosen model. For meta-analyses, testing of the statistical assumptions can include an assessment of heterogeneity
through the I2 statistic and Q-test to determine whether the analysis requires a fixed- or random-effects model
or subgroup analysis [66]. For meta-regression, this can include verifying assumptions of linearity, independence
and homoscedasticity of residuals and involve diagnostics such as inspecting residual plots or calculating variance
inflation factor (VIF) for multicollinearity [67]. For propensity score methodologies, this can include verifying the
specification and assumptions of the underlying propensity score model and assessing its sensitivity to the modeling
of different covariates or different functional forms [68].

Check balance diagnostics

For propensity score-based approaches, it is important to check for balance in covariates between comparator groups
after adjustment (such as reweighting or matching). Standardized mean differences can be used for this purpose,
with cut-off thresholds of 0.1 or 0.25 commonly cited in the literature [68].

Conduct qualitative & quantitative bias analysis

By examining causal diagrams [69] researchers can identify potential confounding variables in their models that
need to be measured and adjusted for in order to estimate the true causal effect accurately. Quantitative bias
analysis (QBA) involves quantifying the extent to which multiple biases (like selection bias, information bias and
confounding) could have affected the results. In the context of comparative effectiveness analyses, the concern over
unmeasured confounding is particularly significant. A useful metric is the E-value, or ‘evidence for causality’, which
quantifies the extent to which unmeasured confounding could explain away the observed results [70]. It requires
no prior knowledge of or assumptions about potential unmeasured confounders, and is simple to compute. Other
QBA methods include sensitivity analyses varying key model parameters and probabilistic bias analysis to assess
uncertainty due to bias [71].
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Evaluate & report limitations

This includes limitations in data quality, sample size, or data availability to adjust for sources of bias. Acknowledging
limitations helps decision-makers better interpret the results.

External validity concerns the extent to which the findings of a study can be generalized to other settings,
populations, or times. External validity is vital for the practical application of CER. Here, transportability methods
can be employed, which involve the methods detailed in Figure 1 applied to a new target population [72–74]. Standard
assumptions for internal validity are again required as outlined above.

Methods flowchart in practice: application to an example study
To comprehend the practical implementation of the proposed methods flowchart, here we retrospectively apply the
flowchart to published CER analyses between entrectinib and crizotinib in ROS1-mutated NSCLC.

Firstly, it is essential to begin with a well-defined research question that encompasses patient populations,
comparators and outcomes. In this particular case, the study research question aimed to generate comparative
efficacy evidence for entrectinib versus crizotinib, which was the standard of care when entrectinib was approved,
for the ROS1+ NSCLC patient population. The initial step, then, involved assessing the feasibility of conducting
a randomized study. However, due to the rarity of ROS1 fusions, an RCT/RPT was not feasible in this scenario.

The next step entails identifying relevant clinical trials evaluating the efficacy of the therapies of interest in the
same patient population. This was accomplished by conducting an SLR, which found three studies of entrectinib
and one study of crizotinib with similar patient populations [75]. All of the studies were single arm studies and
IPD was available for the three entrectinib studies, whereas aggregated level data was available for crizotinib. As all
studies were single-arm trials, it was not possible to perform a network of connected RCTs for direct or indirect
treatment comparisons. The feasibility assessment considered pooled data from the three entrectinib studies and
concluded that it was feasible to perform a MAIC versus the crizotinib single arm trial. Sex, Eastern Cooperative
Oncology Group (ECOG) performance status 0 or 1 versus 2, smoking history, age, disease stage at enrollment
(stage IIIB versus stage IV non central nervous system [CNS] metastases versus stage IV CNS metastases) and prior
treatments (treatment-naive vs prior treatment) were considered as prognostic factors and effect modifiers. The
MAIC suggested improved outcomes with entrectinib versus crizotinib [75].

At the same time data analyses using real world data from a database derived from electronic health records
in the USA were conducted [7]. During the conduct of the study, researchers needed to ensure that the selected
patient population receiving crizotinib in the EHR system adequately represented the entrectinib patient cohort
from three open-label, single-cohort, phase I/II trials. To achieve this, the initial approach was to select a patient
population that closely resembles the trial population. Predefined inclusion and exclusion criteria were applied to
the EHR data. For example, excluded patients were those who received crizotinib in combination therapies, had
an ECOG status >2 and carried other potential mutations such as ALK, BRAF, EGFR and KRAS. Through the
identification of disparities in the patient populations, the authors could assess whether the study populations were
adequately balanced in terms of confounders. As imbalances existed, the authors leveraged the IPD from both
data sources to implement methods to adjust for measured confounding in observational research and utilized
the inverse probability of treatment weighting (IPTW) method to compare TTD, Progression-Free Survival and
overall survival between the entrectinib and crizotinib cohorts [7]. The comparative effectiveness analysis suggested
improved outcome (TTD) with entrectinib versus crizotinib.

Entrectinib was granted accelerated approval by the FDA and received conditional marketing authorization in
Europe [76,77]. From an HTA standpoint, the MAIC analysis could be leveraged and entrectinib received positive
reimbursement decisions from various HTA bodies [78,79].

The two studies looking at CER of entrectinib versus crizotinib came to similar conclusions using different
approaches. While the first one could be easily implemented by comparing IPD with published aggregated level
data, the second one required access to the EHR database. If the flowchart were to be followed, it would have been
sufficient to perform the first analysis to support both regulatory and HTA decisions.

Future directions & challenges
Recommendations for adoption of the methods flowchart
For many decades, the scientific community held broad consensus that RCTs should be the basis for developing
clinical guidelines and for decisions about marketing authorization, reimbursement and the development of
treatment guidelines [80]. The ITC was developed to satisfy the need of healthcare practitioners facing an increasing
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number of treatment options and to deal with situations when randomized trials comparing two innovative
treatments with placebo or standard treatment, but not comparing the two treatments directly with one another,
were available [81]. Historically, indirect comparisons have not been used by regulators as they are built on direct
comparisons, which usually form the basis of decisions regarding regulatory approvals. RWE was gathered following
conditional regulatory approval when direct comparisons were not feasible. In recent years there is a growing
receptiveness to single arm trials and non-randomized evidence in situations where randomized studies are not
feasible or practical [82,83]. Hence, there is a need to develop recommendations on methodological approaches and
establish standards to facilitate the practical implementation of CER based on SAT or non-randomized RWE.

A systematic review of the scientific literature was conducted and existing regulatory and HTA guidance
documents to identify recommendations and best practices. While multiple documents addressed specific elements
– such as methods related to meta-analyses, network meta-analyses, or propensity score analyses – none provided a
comprehensive overview or clearly identified which approach is most suitable under various conditions.

This perspective paper represents an initial attempt to address this gap. It was developed based on existing
guidance and is not intended to introduce new methodologies, but rather to aid in selecting the most appropriate
methods for a well-defined scientific question. The methods are designed to answer a specific question without
imposing a hierarchy; therefore, the scientific question, not the methods, serves as the starting point of the proposed
methods flowchart.

In research, ensuring the quality and validity of data is of utmost importance. Data quality refers to the accuracy,
completeness and reliability of the data collected/used for CER, while data validity pertains to the extent to which
the data measures what it is intended to measure. These are crucial as they directly impact the reliability and
credibility of the research findings. Without addressing data quality and validity, any inferences or conclusions
drawn from the data may lack scientific rigor. For this reason the flowchart starts with the well-defined research
question and entails multiple aspects related to feasibility of the CER having this question in mind. Literature
regarding feasibility of CER has been published [84].

Implications for regulatory, HTA & clinical decision making
By systematically evaluating the benefits and risks of various interventions in diverse populations, CER offers
evidence-based insights that influence regulatory, HTA and clinical practice decision making [85]. As decision-making
for health systems gets more complex, there is a need for a more standardized dynamic approach that acknowledges
the impracticality of a one-size-fits-all design due to the diversity of patient populations and healthcare settings [86],
and that can enhance faster evaluations and decision-making. Thus, harmonizing CER methodologies has profound
implications, where evidence-based decision-making is crucial for developing sound healthcare policies [6,87]. Our
work highlights a lack of harmonization between payers and regulators in the approaches to choosing CER methods
and when to use CER in the decision-making process and proposes an approach to bridging this gap.

The proposed flowchart could support regulators, payers and healthcare professionals in conducting robust CERs
and enable faster decision-making with the advent of budget pressure and constraints on healthcare systems to
enable quicker decision-making.

Limitations
There are a few limitations of the proposed flowchart that we should highlight: the flowchart was specifically
designed to help researchers identify the best methodological approach to answer a well-defined research question
about comparative effectiveness when no previous knowledge on CER is available. When multiple pieces of
evidence, both based on clinical trial and observational data, are available other approaches that combine cross
designs may be explored [66,88–91].

There are other aspects that are very important in CER, but were not the focus of this research: The issue of
multiplicity is equally important in randomized trials as in CER. Some good guidance on this topic, including
the relevance of pre-specification, has been published for applications in clinical trials and their concepts can be
adapted for use in CER [92]. Another important aspect is stakeholders’ involvement, from the design of the research
(e.g., feasibility of study) to the validity of the inferences. Frameworks to address this topic have been proposed
elsewhere [93].
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Conclusion
The proposed methods flowchart offers a clear guidance on CER methodologies accross a range of settings and
research needs. It begins with a well-defined research question and considers multiple feasibility aspects related to
CER. This tool aims to standardize methods, ensure rigorous and consistent research quality, and promote a culture
of evidence-based decision-making in healthcare.

Summary points

• Interventional data and real-world data can provide supportive evidence for assessing the effectiveness of new
therapies.

• Lack of common standards leads to inconsistency in methods used and lower reliability of and trust in
comparative effectiveness research.

• None of the guidance documents identified from peer-reviewed literature, health technology assessment and
regulatory websites provide a comprehensive overview to inform the choice of the methodological approaches
that should be used in different situations when preparing for comparative effectiveness research.

• A methods flowchart is proposed to offer a clear guidance on comparative effectiveness research methodologies
across a range of settings and research needs.
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