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Aim: To evaluate how transportability methods are currently used for real-world evidence (RWE)
generation to inform good practices and support adoption and acceptance of these methods in the
RWE context. Methods: We conducted a targeted literature review to identify studies that transported
an effect estimate of the clinical effectiveness or safety of a biomedical exposure to a target real-world
population. Records were identified from PubMed-indexed articles published any time before 25 July
2023 (inclusive). Two reviewers screened abstracts/titles and reviewed the full text of candidate studies to
identify the final set of articles. Data on the therapeutic area, exposure(s), outcome(s), original and target
populations and details of the transportability analysis (e.g., analytic method used, estimate transported,
stated assumptions) were abstracted from each article. Results: Of 458 unique records identified, six were
retained in the final review. Articles were published during 2021-2023, focused on the US/Canada context,
and covered a range of therapeutic areas. Four studies transported an RCT effect estimate, while two
transported effect estimates derived from real-world data. Almost all articles used weighting methods
to transport estimates. Two studies discussed all transportability assumptions, and one evaluated the
likelihood of meeting all assumptions and the impact of potential violations. Conclusion: The use of
transportability methods for RWE generation is an emerging and promising area of research to address
evidence gaps in settings with limited data and infrastructure. More transparent and rigorous reporting
of methods, assumptions and limitations may increase the use and acceptability of transportability for
producing robust evidence on treatment effectiveness and safety.

Plain language summary: What is this article about?: In this article, we investigated whether and how
statistical methods known as ‘transportability methods’ have been applied in published studies using
data collected during routine healthcare, known as real-world evidence (RWE) studies. Transportability
methods use a result based on data from one population to estimate the result for another population
by adjusting for relevant differences in demographic, clinical, and/or other factors between the two
populations. These methods may help decision-makers evaluate whether evidence from another location
can inform assessments of the safety and effectiveness of medical products in their jurisdiction. We
conducted a targeted review of the published literature to understand if and how transportability
methods have been applied to RWE studies.

What were the results?: After reviewing 458 potential studies identified in our literature search, we found
that only six used transportability methods to generate an estimate of the clinical effectiveness or safety of
a biomedical exposure for a target real-world population. These studies were all published during 2021-
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2023 using data from the US or Canada and used similar statistical methods. Two studies discussed all the
statistical assumptions and limitations of transportability methods.

What do the results mean?: Transportability methods are just beginning to be used for RWE generation
but may help fill evidence gaps in places or situations where relevant data are not available. Additionally,
clear and thorough reporting of assumptions and limitations may facilitate the use and acceptability of
transportability methods for producing robust RWE on treatment effectiveness and safety.

First draft submitted: 15 April 2024; Accepted for publication: 6 September 2024; Published online:
4 October 2024

Keywords: real-world data e real-world evidence e transportability

Regulators and health technology assessment (HTA) bodies rely on high-quality evidence to evaluate the safety
and efficacy of biomedical products. HTA bodies additionally consider the economic, organizational and social
contexts in which health technologies are used to determine their value and inform coverage and reimbursement
decisions [1,2]. Ideally, regulatory and HTA decision-making would be based on robust data reflective of local patient
populations and clinical care but, in practice, such data are not always readily available [3,4].

While randomized clinical trials (RCTs) remain the standard for establishing the efficacy of biomedical interven-
tions, they are often conducted in highly selected populations and in a limited number of jurisdictions due to the
significant financial resources, sample sizes and infrastructure required to support large-scale trials. Additionally; it is
unethical to conduct more RCTs than necessary to establish or refute the efficacy of an intervention on the grounds
that patients are put at unnecessary risk by redundant research [5,6]. Regulatory and HTA bodies are therefore in-
creasingly recognizing the value of real-world evidence (RWE) studies — studies that generate evidence on the risks
and benefits of biomedical interventions using data collected in the course of routine healthcare (real-world data,
RWD) — for informing assessments of clinical effectiveness and safety [71. However, the robustness and relevance of
RWE rely on not only the use of proper epidemiologic and statistical methods (e.g., adjustment for confounders
when assessing relative treatment effects) but also high-quality, fit-for-purpose data that may not be available in
all jurisdictions [4,8-10]. For example, there are many accessible, high-quality RWD sources in the US whereas data
availability is more limited in the European Union, a barrier currently being addressed through initiatives like the
Data Analysis and Real World Interrogation Network (DARWIN EU) [11].

As a result, investigators may employ evidence generated in another jurisdiction (country or region) to demon-
strate clinical effectiveness and safety to local regulators and HTA bodies [12-16]. The validity of using RWE from one
jurisdiction to inform decision-making in another depends on the ‘external validity’ of the RWE. External validity
broadly references the extent to which the results of a given study can be applied outside the original study context,
such as to another target population of interest. Within external validity, ‘generalizability’ concerns whether study
findings can be applied to a target population of which the study population is a subsample. “Transportability’, on
the other hand, refers to the validity of extending study findings to a target population when there is minimal or
no overlap between the study and target populations [17-20]. While the terms transportability and transferability are
often used interchangeably in the healthcare research literature, transferability refers to a qualitative evaluation of
whether data or findings from one setting may be informative in another context whereas transportability involves
formal quantitative methods for applying an effect estimate across populations [15].

Several recent reviews have summarized available transportability methods and their assumptions [17,20-23].
Transportability methods generally fall into three broad categories [17,20): weighting methods [19,21,23], outcome
regression methods [21,24] and doubly-robust methods that combine the two [21,25,26] (Box 1). These approaches
all aim to create conditional average exchangeability between the study and target populations by aligning the
distribution of effect modifiers in both populations, as differences in these distributions limit the external validity
of study findings [17,22,27]. All approaches also require similar identifiability assumptions. In Box 2, we summarize
the assumptions required to identify the target population average treatment effect (ATE) — the absolute or
relative difference in the average outcome if the entire target population is simultaneously exposed to two different
treatments. In most cases, the choice of estimand will affect the conditions required for internal validity while
leaving the other key assumptions unchanged.
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Box 1. Classes of transportability methods.

Transportability methods are used to extend an estimated effect from one source population to another target

population of which it is not a subset. Transportability methods can be applied to many estimands; here we focus

on the estimated population average treatment effect (ATE) [17]. The ATE is a comparison of the average outcome if

everyone in the population were exposed to a particular treatment with the average outcome if everyone were

unexposed to that treatment.

Weighting methods

e Weighting methods transport the ATE from a source to a target population by using inverse odds of sampling
weights, where ‘sampling’ refers to the probability of being included in the original study population [19].
Conditional on their effect modifier values, individuals in the study population are weighted up or down to
reproduce the distribution of effect modifiers in the target population [17,19,23]. This reweighted population is
then used to estimate the ATE in the target population.

Outcome regression methods

e Outcome regression methods use data from the source study to generate models of the outcome conditional on
effect modifiers for each treatment group. These models are then used to predict individual outcomes under
different exposures (potential outcomes) in the target population. The ATE is then estimated by comparing the
average potential outcomes in the target population under each exposure condition [17,20,21].

Combined methods

e Methods that combine both weighting and outcome regression use these two approaches together to build an
estimator of the mean potential outcome in the target population under different treatments that can then be
used to estimate the ATE [17,20,21]. Many of these combined methods are considered ‘doubly-robust’ because
they are asymptotically unbiased (i.e., they are unbiased as the sample size tends to infinity) if either the
weighting model or the outcome model is correctly specified [17].

Transportability methods were originally developed in the context of RCTs due to the high internal validity conferred
by randomization and rigorous treatment procedures and follow-up, but they can also be applied to findings from
RWE studies [7]. Stakeholders acknowledge that RWD from other countries may be used in regulatory and
HTA submissions and broadly discuss the need to justify and assess the appropriateness of the imported RWE;
however, specific guidance and best practices for performing such evaluations are needed [9,15,31-35]. Transportability
methods may provide a rigorous and transparent approach for both assessing the relevance of external RWE and
producing local estimates of clinical effectiveness and safety [16]. A first step toward evaluating the potential utility
of transportability methods in a regulatory and/or HTA context is to understand if and how these methods are
applied, particularly with respect to RWE. To that end, in this paper we conducted a targeted literature review to
evaluate how transportability methods are currently being used for RWE generation and to begin developing good
practices that may facilitate the adoption and acceptance of these methods in the context of RWE.

Methods

Targeted literature review scope

As this targeted literature review focused on transportability in the context of RWE studies, we limited our
review to RWE transportability investigations that contained an application of the method in the context of
studying the clinical effectiveness or safety of a biomedical intervention. We did not pre-specify any explicit
populations, exposures, comparators, or outcomes of interest as our primary goal was to identify any associated
RWE transportability methods applications. The review was conducted and reported following PRISMA guidelines
(Supplemental Table 1).

Search strategy & exclusion criteria

We searched Medical Literature Analysis and Retrieval System Online (MEDLINE) /PubMed for articles published
any time up to 25 July 2023 (inclusive). Our search strategy was tailored iteratively by modifying the combination of
subject headings/controlled vocabulary and keyword fields (e.g., title and abstract) used to identify all potentially
relevant publications, while returning a manageable total number of results for title and abstract screening. To
account for potential instances where ‘transferability’ was used in place of ‘transportability’, we included both
terms in our search string. Pilot searches returned a large number of genomic (e.g., studies of gene transfer) and
transportation studies which were not relevant to this review. Consequently, the final search strategy, as agreed to
by all authors, used the following terms: (transportability OR ‘transferability’) AND ((real world) OR (real-world)
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Box 2. Identifiability assumptions for transportability methods.

Transportability methods rely on several key identifiability assumptions that must be met to produce valid results.

Details of these assumptions are described elsewhere [17,21,22]. Similar assumptions apply to all causal

estimands [17]. In most cases, the choice of estimand will affect the conditions required for internal validity while

leaving the other key assumptions unchanged. Here, we focus on the necessary assumptions for a transported

estimate to equal the ATE in the target population. The ATE is a comparison of the average outcome if everyone in
the population were exposed to a particular treatment with the average outcome if everyone were unexposed to
that treatment.

Internal validity of the original study

e The estimated effect equals the true ATE in the source population of the original study. This assumption requires
conditional exchangeability of the exposed and unexposed in the study population (i.e., no unmeasured
confounding, measurement error and selection bias), consistency (i.e., the observed outcome equals the potential
outcome under received treatment), positivity of treatment (i.e., the conditional probability of receiving a given
treatment is larger than 0 and less than 1 in any patient subgroup as defined by combinations of confounders),
no interference between individuals (i.e., treatment received by one individual does not impact the outcome
experienced by another individual), treatment version irrelevance (i.e., there is only one version of the treatment
or there are multiple versions with the same effect on the outcome) and correct model specification [17,28]. In
general, RCTs are assumed to have internal validity due to randomization, although this assumption can be
compromised if there are missing data or chance imbalances across study arms.

Conditional exchangeability over selection (S-admissibility)

e Individuals in the study population and in the target population with the same baseline characteristics have the
same potential outcomes under treatment and no treatment and are therefore exchangeable. In practice, a
weaker assumption of conditional average exchangeability is most often invoked (i.e., the same effect of
treatment would be observed if individuals with the same baseline characteristics were moved from the study
population to the target population). To be met, this assumption requires that all effect modifiers that have
different distributions in the study and target populations are identified, measured and accounted for by the
transportability method [17,29].

Positivity of selection

e There is a non-zero probability of being in the original study population in every stratum of effect modifiers
needed to ensure conditional exchangeability. For this assumption to be met, every stratum of effect modifiers
that differs between the study and target populations must be represented in the study population [30]. This
assumption is distinct from the positivity of treatment assumption that is required for internal validity.

Stable unit treatment value assumption (SUTVA) for selection

e There is no interference between units and there is treatment version irrelevance between the study and target
populations. This assumption requires that the treatment received by one individual does not impact the
outcome experienced by another individual (i.e., there is no interference between individuals) and that the
treatment or intervention is applied in the exact same way in the study and target populations [17].

OR (observa*)) NOT ((genom*[Title/Abstract]) OR (transportation[Title/Abstract])). No language restrictions
were applied. Google Sheets was used to save and organize references and provide an interface for screening.

Data extraction & synthesis
After searching MEDLINE/PubMed and importing the relevant results, two authors (NSL and PJA) performed
title and abstract screening to select articles that discussed RWE applications of transportability methods in the
context of a biomedical intervention; after this initial screening round, full text screening was performed by the
same two authors to select for studies that included a specific transportability RWE case study. Discrepancies were
resolved through consensus discussion between the two reviewers or inclusion of a third reviewer (SM) to serve as
tiebreaker if agreement could not be reached. Simulation studies as well as purely (bio)statistical manuscripts were
excluded because these article types did not inform our understanding of how transportability methods are being
applied for RWE generation. Likewise, we did not include articles that focused exclusively on the cost-effectiveness
of medical products due to our pre-specified focus on studies of the clinical effectiveness and safety of biomedical
interventions. Cited references from included studies were reviewed, but no additional sources were identified.
Data elements were extracted by NSL and PJA from the selected studies using a standardized template; discrep-
ancies were resolved through consensus discussion between the two reviewers or inclusion of a third reviewer (SM)
to serve as tiebreaker if necessary. The following items were extracted: first author, journal name, publication year,
therapeutic area, exposure(s), outcome(s), transportability details (i.e., method used, estimate being transported,
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458 unique abstracts identified in PudMed published

any time up to 25 July 2023 (inclusive)
434 excluded* after title/abstract review

- Not focused on describing or applying
transportability methods (n = 283)

- Not conducted on human subjects (n = 76)

- Not focused on estimation/transport of a
treatment effect (n = 65)

- Lacked specific/relevant example (n = 10)

24 full-text articles assessed for eligibility
18 excluded™ after full-text review
- Review articles/commentaries (n = 8)
- Methods development (n = 4)
- Not focused on describing or applying
transportability methods (n = 4)
- Not transporting a clinical effectiveness or

safety effect (n = 2)
6 studies included in targeted literature review

Figure 1. Study selection flow chart. *It was possible for an abstract/article to have more than one reason for
exclusion; however, only the primary reason is shown here.

reason for transporting and stated assumptions), original study details (i.e., study design, data source and study
estimate), target population details (i.e., study design, data source and study estimate), article conclusions, strengths
and limitations (Supplemental Table 2).

Due to the nature of our research question, identified studies were not assessed for their quality or validity via
traditional risk of bias tools (such as GRADE [36] or ROBINS-I [37]); however, we did assess their completeness
and clarity from a transportability perspective (e.g., the transparency of their presentation and application of a
transportability method). Similarly, publication bias was also not assessed. However, a narrative synthesis of the
details from the included studies was performed, and a table of key data elements and assumptions from the
included studies was produced to summarize the associated information. Lastly, no quantitative syntheses were
performed.

Ethical approval & other considerations

This targeted literature review did not require institutional review board approval as the data that informed
the research were publicly available and collected from an existing online database (i.e., MEDLINE/PubMed).
Moreover, this research did not involve any human subjects, so informed consent was not required.

Results

Targeted search results

In total, we identified six articles that addressed the aims of this targeted literature review. Of 458 unique records
initially identified, 434 were excluded after title and abstract review (Figure 1). Most (n = 283) were excluded
because they were not explicitly focused on describing or applying transportability methods; these records instead
discussed topics common in other academic disciplines, such as materials science (e.g., cadmium transfer from soils),
psychology (e.g., transferable telepsychiatry models) and education (e.g., transfer of knowledge from the classroom
to practice) that were not applicable for our purposes. Other records were excluded because they studied non-human
subjects (n = 76) or were not focused on the estimation or transport of a treatment effect (n = 65); examples of the
latter category included qualitative studies and investigations describing the transferability of prediction/machine
learning algorithms. A further 18 articles were excluded after full-text screen; these included eight review articles
or commentaries without an example or application [7,20,21,38-42] and four methods development papers where
applications were only illustrative [25,43-45] (Figure 1). Thus, six case studies applying transportability methods to
RWE were ultimately included.

10.57264/cer-2024-0064
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Table 1. Overview of key study characteristics from
First author

Basu
Cook

Inoue

Mollan

Montez-Rath

Ramagopalan

Study Therapeutic Primary reason for Data type Transported Transportability Ref.
year area transporting Original Target estimate method

2023 Mental health Limited RWD available US RCT data US RWD (claims) Mean difference Weighting [48]
2023 Substance use Unrepresentative RCTs  US RCT data US RWD (multiple)t  Hazard ratio Weighting [47]
2021 Oncology Demonstrate US RCT data US RCT datat Hazard ratio Weighting [30]

utility/feasibility of
transportability

2021 Infectious Discrepancies between US RCT data US RWD (EMR) Hazard ratio & Weighting [49]
disease RCTs & observational incidence rate
data difference
2022 Rheumatology/ Limited RWD available US RWD (claims) US RWD (claims) Incidence rate Weighting [46]
inflammation
2022 Oncology Demonstrate USRWD (EMR)  Canada RWD (EMR, Overall survival Outcome [50]
utility/feasibility of registry) regression

transportability

TThis study used survey data, substance use treatment admissions/discharges data and research consortium data comprising both survey and laboratory data.

#This study did not use RWD but rather used RCT data to demonstrate how transportability methods can extend estimation beyond RCT trial participants to external populations of
interest that more closely resemble real-world populations.

EMR: Electronic medical record; RCT: Randomized clinical trial;, RWD: Real-world data.

Case study characteristics

The main features of the six included case studies are summarized in Table 1. All identified case studies were
published between 2021 and 2023 and these investigations were conducted across diverse therapeutic areas: mental
health (n = 1), substance use (n = 1), oncology (n = 2), infectious disease (n = 1) and rheumatology/inflammation
(n = 1). Four studies were performed to address gaps in available RCT data and/or RWD. For example, Montez-
Rath et al. [46] investigated the safety of Janus kinase inhibitors (JAK-Is) among adults with atopic dermatitis (AD)
using RWD from a rheumatoid arthritis (RA) cohort due to limited availability of safety data on AD patients
treated with JAK-Is. Likewise, Cook ez a/. [47] conducted their transportability study due to concerns that certain
patient populations (e.g., people living in rural areas) were underrepresented in RCTs of treatment for substance
use disorders. The remaining two transportability studies were performed to demonstrate the utility and feasibility
of transportability methods for RWE generation.

Three case studies transported estimates from RCT populations to real-world target populations, while two case
studies used transportability methods with both original and target populations constructed from RWD sources.
One case study performed by Inoue ¢t 4/. (30 used RCT data exclusively to illustrate how “transportability methods
extend estimation of RCTS’ utility beyond trial participants, to external populations of interest, including those that
more closely mirror real-world populations.” In five of the case studies, both the original and target populations
were US-based. In the remaining case study by Ramagopalan ez 4/. (501, an original estimate derived from US RWD
was transported to a Canadian target population. Administrative claims and electronic medical record (EMR) data
were the most common type of RWD used across the case studies.

Transportability methods used in case studies

Five of the case studies used a weighting approach as their transportability method and one used outcome regression
modeling (Box 1). These approaches all require access to individual-level data, though only Mollan et al. (49] and
Inoue ez al. 30 explicitly indicated that this type of data was used. We also observed that authors described their
approaches differently, despite applying equivalent methods. For instance, Basu ez a/. (48] framed their weighting
method as a calibration approach in which inverse probability weights were used to ‘calibrate’ the distribution of
patient characteristics across the original and target populations. The other four case studies that utilized a weighting
methodology first estimated associations between the exposure and the outcome in the original population and then
transported the associated estimate (e.g., the hazard ratio, incidence rate, or incidence rate difference) to the target
population via a weighting procedure. For example, Mollan ez a/. [49) used weights to transport the hazard ratio and
incidence rate difference calculated from four AIDS Clinical Trial Group RCTs to an observational cohort of adults
living with HIV and receiving care at eight academic medical center sites. Of note, these four case studies used
varying terminology to identify their selected transportability method despite almost all citing Westreich ez al.’s
2017 paper on inverse odds of sampling weights for transportability [19]. Specifically, Montez-Rath ez 4/, [46] and
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Table 2. Discussion and evaluation of transportability assumptions in the six identified case studies.

Transportability assumption Case study
Basu Cook Inoue Mollan Montez-Rath  Ramagopalan
(2023) [48] (2023) [47] (2021) [30] (2021) [49] (2022) [46] (2022) [50]
Internal validity of the original study: The estimated effect equals v 24 24 24 v

the true estimand in the source population of the original study.

Conditional exchangeability over selection (S-admissibility): v 24 24 24 v
Exchangeability of individuals in the study population and in the
target population with the same baseline characteristics.

Positivity of selection: There is a non-zero probability of being in vV vV v
the original study population in every stratum of effect modifiers

needed to ensure conditional exchangeability of individuals in the

study and target populations.

Stable unit treatment value assumption for selection: There is no vV v
interference between units and there is treatment version
irrelevance between the study and target populations.

T Similar assumptions apply to all causal estimands. In most cases, the choice of estimand will affect the conditions required for internal validity while leaving the other key assumptions
unchanged.

v Indicates that the assumption was mentioned in the text.

v’V Indicates that the assumption was mentioned and the authors either discussed the likelihood of the assumption being met or conducted sensitivity analyses to investigate the
potential impact of violations.

Cook et al. [47) used the phrase ‘inverse probability of selection weighting’ to describe their weighting method,
Inoue ez al. [30] referred to their approach as ‘inverse-odds weighting’, and Mollan ez a/. 49] called their method an
applied use of ‘inverse odds of participation weights’.

The remaining case study by Ramagopalan ez 4/. [50) was the only one to employ an outcome regression approach
as their transportability method. The authors fit pooled logistic regression models for overall survival (noting that
these models produce coefficients equivalent to those from a Cox regression analysis under certain assumptions)
as a function of covariates in their original sample from the US; they then standardized the models to the
covariate distributions in the target (Canadian) population to obtain transported marginal survival probabilities.
Ramagopalan ez al. (50] was also the only identified case study that provided a justification for their choice of
transportability method: the inability to pool data sets from the US and Canada, which prevented the use of a
weighting approach.

Evaluation of transportability assumptions

As mentioned previously and summarized in Box 2, transportability methods aim to create exchangeability over
selection between two populations and rely on several other assumptions to produce valid estimates. Two of
the six articles discussed all four transportability assumptions (Table 2). Inoue ez 4l [30] included a table of key
transportability assumptions with illustrative examples in the context of their research question and evaluated the
likelihood of each assumption being met in their study and the potential impact of violations on their results.
Mollan ez al. (491 listed all required assumptions when presenting their methods, evaluated the internal validity
of the estimates being transported and discussed challenges to achieving conditional exchangeability between the
original and target populations due to missing data and differences in measurement. Of the remaining studies,
two evaluated a subset of the identifiability assumptions [46,47], one evaluated the conditional exchangeability of
selection assumption [48] and one discussed but did not evaluate the internal validity of the original study [s0.
Overall, the stable unit treatment value assumption (SUTVA) for selection (i.e., the assumption that there is no
interference between units and there is treatment version irrelevance between the study and target populations) [17]
was the least discussed and evaluated across the identified case studies.

Study authors also mentioned and assessed other potential threats to validity. For example, four articles used
multiple imputation by chained equations to account for potential bias due to missing data [46,47,49,501. These articles
provided varying levels of detail about their imputation approach (e.g., number of imputed data sets, imputation
method for continuous vs categorical variables, etc.). Lastly, Ramagopalan et /. [s0] performed quantitative bias
analyses to assess the potential impact of measurement error (i.e., through a tipping point analysis where they
imputed values for mismeasured metastases and comorbidities) and treatment pattern differences between the
original and target populations (i.c., through estimation of marginal risk under two hypothetical dynamic treatment
regimens via G-computation).
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Discussion

This targeted literature review investigated how transportability methods are currently being applied for RWE
generation. We identified six case studies meeting our inclusion criteria. These applications spanned a wide range of
therapeutic areas, exposures and outcomes, likely reflecting a growing acceptance of RWE by healthcare researchers
for assessing treatment effectiveness and safety more generally. However, these case studies were all published in
the past few years using data from the US or Canada, and none of the studies were explicitly conducted in a
regulatory or HTA context. This finding suggests that applications of transportability for regulatory and HTA
decision-making are limited and that the use of transportability methods for RWE generation is an emerging field.

Four of the six case studies used an RCT effect estimate as the original study measure in their transportability
analyses (Table 1). This finding was unsurprising given that transportability methods were originally designed to
address the limited external validity of RCTs resulting from stringent inclusion criteria. Furthermore, the use of
randomization and tightly-controlled study procedures and follow-up increase confidence in the internal validity
of RCTs, a key assumption for transported estimates to be valid (Box 2). The two articles that transported estimates
using only RWD focused on descriptive rather than comparative estimates, for which there is no assumption of
internal validity. More specifically, Montez-Rath ez al. [46] transported adverse event incidence rates for an RA
population to an AD population and Ramagopalan ez al. (50] transported overall survival estimates for US patients
with advanced non-small-cell lung cancer to a Canadian patient population — an instance that should be highlighted
as the only example of cross-country transportability that we identified. These examples potentially highlight gaps
in the availability of high-quality RWD in certain patient populations and jurisdictions and represent promising
potential applications of transportability for RWE generation.

Almost all the included articles used weighting as their primary transportability method. This trend likely
reflects the fact that weighting is an intuitive and less computationally-intensive approach that parallels widely-
used methods for confounding control in epidemiology and health outcomes research, such as inverse probability
weighting. However, most authors did not provide a justification for their selected method or discuss alternative
approaches. Relatedly, only two studies explicitly discussed all the assumptions required to generate valid transported
estimates, and few took additional steps to evaluate the likelihood of meeting key assumptions or the impact of
potential violations.

Lessons learned

Opverall, our review suggested that the use of transportability methods for RWE generation is an emerging area
of research. The identified case studies suggest that these methods may have promising applications in regulatory
and/or HTA contexts, particularly in jurisdictions where RCTs are not conducted or where high-quality and fit-
for-purpose RWD are limited. Our review also highlighted some areas for improvement to increase the acceptability
of transportability methods in these settings. These suggestions build on considerations proposed by Turner ez al.
for incorporating transportability into HTA applications [16]. First, we found that it was sometimes challenging to
understand the specific analytical approaches used in the reviewed articles. Thorough and transparent descriptions
of and justifications for the transportability methods used would allow readers to better understand their application
and implementation. This includes providing details on the granularity of data sources used, as there are fewer
options for transporting results when only summary- rather than individual-level data are available [17].

Second, we observed a lack of consistent terminology when referring to transportability methods, with authors
referring to equivalent weighting methods as ‘inverse probability of selection weighting’, [46,47] ‘inverse-odds
weighting’, [30] and ‘inverse odds of participation weights’. [49] As previously discussed by Westreich ez al. [19], use of
precise and consistent terminology is important for clear communication between researchers and decision-makers,
particularly given the lack of widespread familiarity with and use of transportability methods in the realm of RWE.
We therefore recommend that future transportability applications include thorough and transparent descriptions
of the methods employed, model statements and formulas as applicable and justification for the selected approach
(e.g., the rationale for using inverse odds) to enhance understanding of these methods and interpretation of findings.

Finally, as discussed previously, we noted that only a few articles discussed the assumptions needed to generate
valid transported estimates. We believe that explicit discussion of transportability assumptions, evaluation of their
likelihood of being met and assessment of the potential impact of any violations are critical to the interpretation and
acceptability of transported estimates. Indeed, these recommendations align with recent updates to the National
Institute for Health and Care Excellence’s RWE framework, in which the agency recommends sensitivity analyses
to explore potential violations of transportability study assumptions (91. In Table 3, we present a proposed template
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Table 3. Template for evaluation of key transportability assumptions.

Study operationalization: describe how
each assumption applies in the specific
context of the study being conducted
to transport an effect.

Transportability assumption

Internal validity of the original study:
The estimated effect equals the true
estimand in the source population of
the original study.

Conditional exchangeability over
selection (S-admissibility):
Exchangeability of individuals in the
study population and in the target
population with the same baseline
characteristics.

Positivity of selection: There is a
non-zero probability of being in the
original study population in every
stratum of effect modifiers needed to
ensure conditional exchangeability of
individuals in the study and target
populations.

Stable unit treatment value assumption
for selection: There is no interference
between units and there is treatment
version irrelevance between the study
and target populations.

“Exposed and unexposed individuals in
the original study are exchangeable on
all causes of the outcome [conditional

on baseline confounders].”

“The distribution of all relevant effect
modifiers is the same or can be made
the same in the study and target
populations.”

“Every stratum of relevant effect
modlifiers is populated with exposed
and unexposed individuals in the
original study population.”

“The [outcome] of one individual is not
influenced by the exposure status of
another and the exposure is measured
and implemented in the same way in
both populations.”

Assessment of whether assumption is
likely met: discuss why or why not each
assumption is likely to be met given the
specific study context.

“The original study likely has [high/low]
internal validity due to [use of
randomization, minimal/differential
loss to follow-up, measurement of
exposure/outcome, etc.]”

“Conditional exchangeability over
selection [is/is not] likely given
[similar/dissimilar distributions of effect
modifiers after applying method].”

“Positivity of selection is likely/unlikely
to be met due to [availability or lack of
observations in all strata of relevant
effect modifiers].”

“[No] interference between units is
expected. Treatment version irrelevance
between the two populations [is/is not]
likely due to [specificity of the exposure
definition, objectivity/subjectivity of
measurement, etc.]”

Potential impact of violations on
transported estimate: discuss the
potential impact of violations of each
assumption on the transported estimate
in terms of direction and magnitude. If a
violation is not expected, explain why
not.

“Due to the use of randomization in the
original study, no violations are expected
on average.” “The inability to control for
[confounder] in the original study may
result in a [slight/significant]
[positive/negative] bias in the transported
effect estimate.”

[Discussion of the potential for and
impact of unmeasured or unknown effect
modifiers, model misspecification,
limitations of transportability method,
results of sensitivity analyses, etc.]

[Discussion of whether any known effect
modifiers were unobserved or had zero
counts for some strata in the original
study population or if there was
substantial missing data for the target
population]

[Discussion of potential differences in the
definition or implementation of the
exposure across the two populations,
e.g., a drug administered according to a
protocol in a clinical trial vs
self-administration in routine real-world
practice]

TSimilar assumptions apply to all causal estimands. In most cases, the choice of estimand will affect the conditions required for internal validity while leaving the other key assumptions

unchanged.
Adapted from the work of Inoue et al. [30].

and example language informed by the approach of Inoue e a/. to aid in the evaluation and presentation of key
transportability assumptions [30]. For additional guidance on conducting transportability studies, and particularly
for interpreting findings, we refer researchers to the instructive workflow developed by Ling ez 4/. 20).

Strengths & limitations

To our knowledge, this is the first targeted literature review to assess the current use of transportability methods
in the context of RWE investigations. Moreover, to capture relevant articles that are representative of this area of
research, we created a tailored and iteratively refined search strategy and placed no limitations on the time frame
for publication. However, articles were only retrieved from one database (i.e., MEDLINE/PubMed). This choice
was made to allow us to focus on biomedical applications of transportability methods, but exclusion of literature
from other disciplines may have resulted in some relevant case studies being overlooked. We also encountered some
challenges when refining our search strategy. Our research team initially considered a broader search strategy — using
transport instead of transportability in our search strategy — but this returned an exceedingly large number of studies
to screen (n = 35,837). Using more inclusive forms of the term ‘transportability’ (e.g., ‘transport’, ‘transporting’, or
‘transported’) further increased the number of articles returned (n > 50,000) and a preliminary review suggested
that fewer than 2% of the additional studies retrieved would be potentially relevant to our study based on title and
abstract screening. Additionally, there is no specific Medical Subject Headings term to identify articles that employ
transportability methods in PubMed. While we tried to maintain as broad a search as possible, we did have to place
some restrictions on our search terms to return a manageable number of articles for screening, which likely resulted
in the exclusion of some potentially pertinent articles. While we believe that our search strategy successfully targeted
representative articles, our results should not be interpreted as an exhaustive review of the applied transportability
literature. Our focus on RWE investigations of clinical effectiveness and safety likely also excluded transportability
applications from other contexts (e.g., behavioral interventions) and investigations that focused solely on RCTs.

10.57264/cer-2024-0064
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Finally, due to the nature of our question, we did not perform a validated risk of bias assessment for individual
studies and did not assess potential publication bias.

Conclusion

The results of this targeted literature review suggest that the application of transportability methods for RWE
generation is in its infancy. Nevertheless, the identified case studies demonstrate the potential utility of using
transportability methods to address evidence gaps that may limit the assessment of treatment effectiveness and
safety in jurisdictions with fewer resources and data sources or among underrepresented populations. The lessons
learned from this review may inform the development of recommended practices for the design and reporting of
RWE transportability studies, a necessary first step to facilitate their use and acceptability for addressing gaps in
jurisdiction-specific evidence needed for regulatory and HTA decision-making.

Summary points

e Transportability methods were developed to overcome the limited external validity of randomized controlled
trials that arises from stringent inclusion criteria, but they can also be applied to other types of studies and data
sources, including real-world data.

Transportability methods extend effect estimates from an original study population to a broader,

non-overlapping target population by adjusting for differences in the distribution of effect modifiers between

the two populations.

We found that the use of transportability methods for real-world evidence generation is a nascent area of

research.

e The six studies that met our inclusion criteria were all published during 2021-2023, used data from the US or
Canada and primarily applied weighting methods to produce transported estimates.

e Few articles explicitly discussed and evaluated the assumptions needed to generate valid transported estimates.

e We propose the use of a structured template for presenting transportability methods, including explicit
discussion of the required assumptions, their likelihood of being met in a real-world context and the potential
impact of violations.

e Developing good practices for the design and reporting of real-world evidence transportability studies may help
increase their acceptability for addressing evidence gaps in regulatory and health technology assessment contexts.

e The use of transportability methods may be particularly valuable for jurisdictions where patient populations are
too small or local real-world data sources are limited and in rapidly-evolving public health scenarios where timely
evidence generation is necessary.
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