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Recent developments in digital infrastructure, advanced analytical approaches, and regulatory settings
have facilitated the broadened use of real-world evidence (RWE) in population health management and
evaluation of novel health technologies. RWE has uniquely contributed to improving human health by
addressing unmet clinical needs, from assessing the external validity of clinical trial data to discovery of
new disease phenotypes. In this perspective, we present exemplars across various health areas that have
been impacted by real-world data and RWE, and we provide insights into further opportunities afforded
by RWE. By deploying robust methodologies and transparently reporting caveats and limitations, real-
world data accessed via secure data environments can support proactive healthcare management and
accelerate access to novel interventions in England.

Plain language summary

What is this article about? Research involving real-world data (RWD) from patients, which most commonly
comprises routine electronic health records, differs from clinical trials but should be held to equally
high standards. When conducted properly, RWD research produces real-world evidence (RWE), which
can greatly inform on health areas like chronic conditions such as neurological disorders or metabolic
disorders. This article provides an overview of impacts and opportunities from RWD data sources in
England, by describing exemplars across different health areas. Further, the authors evaluated recent
technology appraisals submitted to the National Institute for Health and Care Excellence, to understand
how RWE has been utilized. The article also provides recommendations to minimize bias and ensure robust
transportability of outcomes to the target patient population.

What were the results? We provide numerous references of how RWE has increased our knowledge
of infectious diseases, neurological disorders, metabolic disorders, as well as mental health conditions.
Our evaluations of technology appraisals revealed that RWD is prominently used to inform on cost-
effectiveness for innovative technologies, relative to clinical effectiveness.

What do the results of the study mean? This paper explains how better linked and higher quality data
sources, when interrogated using best practices and robust study designs, provide researchers with tools
with enormous potential to empower outcomes that benefit patients and strengthen the healthcare
system.

Sharable abstract: New manuscript dissects the complex nature of real-world data by highlighting its
use across several health areas and provides forward-looking guidance on designing studies that benefit
patients.
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The last decade has unleashed ‘big data’ as a valuable tool for informing and optimizing healthcare [1]. Increasingly,
research using RWD is being carried out through case—control and longitudinal retrospective studies, as well as &
prospective follow-up and observational studies, to output descriptive findings, inferential statistics, and models to ~ % Becaris

........

10.57264/cer-2024-0130 © 2025 The authors J. Comp. Eff. Res. (2025) e240130 elSSN 2042-6313


https://orcid.org/0000-0003-4713-9985
https://orcid.org/0009-0005-7003-6425
https://orcid.org/0000-0002-9997-167X
https://orcid.org/0000-0001-8891-3362
https://orcid.org/0000-0002-0834-5201

Perspective

Fitzke, Fayzan, Watkins, Galimov & Pierce

predict outcomes of interest or forecast demand—capacity utilization for healthcare services. RWE studies can also
be designed to provide data captured in parallel with randomized clinical trials (RCTs) to validate clinical data or
serve as late-stage evaluations for post-market surveillance.

The aim of this perspective is to summarize the current state-of-the-art of RWE in England, to provide case studies
that can inspire further interest and access that broad sources of RWD, by describing case studies in different health
and disease areas, selected among the National Institute for Health and Care Excellence (NICE) clinical knowledge
summary specialties [2]: infections and infestations, endocrine and metabolic, neurological, cancer, mental health
and preventative medicine (Figure 1), left. We also discuss the limited extent to which routine RWD has been
used to support access to new treatments through the NICE Technology Appraisal (TA) program, emphasize the
challenges when establishing causal inference and the inherent limitations of RWD, and we reflect upon compelling
opportunities presented by RWE.

Historical context of RWD & RWE

Although RCTs remain the gold-standard for evidence of clinical effectiveness for the National Health Service
(NHS) in England, RWE studies are essential for understanding effectiveness for patients in uncontrolled conditions
and can overcome several drawbacks of RCTs. RWE studies can mitigate exorbitant costs (covering clinical and
administrative staff, clinical trial site(s), supplies, participant support, monitor charges and insurance), avoid
time-limited follow-up, and can offer alternatives to clinical trials that may lack patient representativeness or
heterogeneity (3. RWE may also be used instead of RCTs to demonstrate the effect of an intervention where
randomization is unethical or infeasible.

Since 2010, regulatory bodies such as the Medicines and Healthcare Products Regulatory Agency (MHRA),
NICE and the US FDA have encouraged the wider use of RWE (Figure 1) in researching the adoption and
regulatory approval of novel interventions [4]. In 2022, the Innovative Medicines Fund was launched to support
early access to noncancer medicines, when further RWD is collected to resolve remaining uncertainty about clinical
or cost—effectiveness [5].

Despite the growing prominence of RWD, guidance for researching RWD remain fragmented, definitions of
RWE vary among regulatory bodies such as the FDA and NICE, and discrepancies and inconsistencies of RWE
may be generated from a wide range of sources and settings (Box 1).

As of 2024, the landscape of RWE sources has matured into a complex matrix. Access to routine RWD sources
for research purposes is now supported in England through the growing set of national and subnational datasets
linked across health and social care settings [8]. From 2024, the UK’s NHS is federating data across sub regional
secure data environments (SDEs) to enable access to this valuable resource according to the NHS Value Sharing
Framework [9]. Analysis of RWD, often in the form of de-identified electronic health records (EHRs) resident
within safe repositories and large data warechouses, can comprise descriptive or inferential statistical approaches,
while more sophisticated and complex analytical tools are available to researchers to predict outcomes [10]. For
example, propensity score models can be used to match cohorts with similar distributions of baseline characteristics,
imitating randomization of clinical trials [11]. Evaluations of robustly matched cohorts can enable inferences of risk
ratios, odds ratios and adverse outcomes. This perspective reviews exemplars of such analysis of RWE among the
selected specialty clinical areas most representative by NICE TA submissions since 2022. In addition, we elaborate
on the substantive challenge for RWD researchers when designing a study capable of supporting specific causal
inference using RWD in the section ‘Causal Inference’.

Infections & infestations

RWE was prominently used to protect global health during the COVID-19 pandemic. Following the publication
of the genome of SARS-CoV-2, the causative agent of COVID-19, on 10 January 2020, industrial and academic
vaccine manufacturers began rapidly progressing laboratory and clinical testing to ascertain the best performing
vaccine candidates [12]. These efforts were justified based on global RWD trackers of COVID-19 infections,
established in early 2020. Phase III trials for COVID-19 vaccine candidates from BioNTech/Pfizer, Moderna,
Astra Zeneca and Johnson and Johnson began in April 2020 (29 April 2020: BioNTech/Pfizer; 27 July 2020:
Moderna; 28 August 2020: Astra Zeneca; and 7 September 2020: Johnson and Johnson), and the first approval
for use outside of clinical trials was seen in the UK in early December 2020 [13]. As an example of how RWE can
inform on rare diseases: RWD analysis discovered rare events of cerebral venous sinus thrombosis in combination
with thrombocytopenia following ChAdOx1 nCoV-19 vaccination from March 2021 [14). At rates ranging from

/Y
10.57264/cer-2024-0130 J. Comp. Eff. Res. (2025) 240130 saBecarls



Perspective

RWE: state-of-the-art & future perspectives

‘pue|buz ui saibojouydal yijeay buisiwoid o3 ssadxde

J93sey 1oddns 03 ssadoud |esiesdde ABojouydal ayi ul sabueyd A3y (3yb6L1) "saseasip pue suopuod Yijeay Jo wnadads e uo wiojul Aew 2dUSPING plIOoM-|edy (143]) "L aunbig

uoneonp3 pue ybisu| ‘@21ApY ‘@aIApY :1oddns jo sadAy € siago
*saluedwod $80UBI0S 8)l| 0} SIIAPE BuIpIACId 10} 8O Paysaljel MaN

paydunej(ai) — ad1ApY IDIN

‘MBIAB] /1S Buljweal)s Jayln) 0] padnpoliul Sem malnal ®~mco_toao‘_ﬁ
1eok U} Joje| PUB YioMaWBI IMH O} Paysiiand JDIN ‘220 Arenuer u)
pasnpoJjul — MaIAaYy ajeuoiiodoid JDIN

paysiiand — spomaweld IMY IDIN 2202

"SaUIDIPaL BAIJeAOUU 10} Bulpuny SHN paduajBull uo
0893 Jo [e10} & apinoid 4aD ays apisbuoje ‘pue sBnip Jaoued-uou
0} $5900E Jajsey poddns 0} payoune| Sem puny siy ‘2202 dunf |

payoune| — pun4 SauldIpaj\ @AlleAOUU| 2202

's1 04 woly IMY Bunessuab uo souepinb pue suoisioap Aioyejnbai
yoddns 0} gAY Jo asn uo aouepinb ysiignd YHHIA ‘1202 Jequiaoaq u|

paysiignd — aouepinb (aMy) elep puom-leas yHHIN @ 1202

|esiesdde ue uo uoIsioap e ayew o) papasu sbuesw sapiwwo) [esieiddy
JO Jaquinu ay} pue swi} Jo Yibus| 8y} 9onpai 0} $S8201d MINGI VLS B0}
ay} 0} Joud dajs Juswabebus [ealuyos), e paonposiul IDIN ‘6102 Arenuep u|
paonposul — days .ucwr:wmcm:w |eaiuyasl, 3JIN 6102

‘sauljown
pue sabejs ay} Ajuelo 0} ssaooud 1S 8yl pabueyd JIN ‘8102 [Ldy u|
pauwLiojal — ssad04d 1S IDIN 8102

‘pue|bug SHN 0} 8jeqgal e Aed o} paiinbai
ale 4g9 ayi ul Buedionted ssjuedwod ‘puadsiano Ue Jo JusAs au) Ul Jeuy}
0S GL0Z Ul pawiiojal aq o) pey 4@0 aui Buipuadsiano [enueisgns o} ang

pawuojal — (4@9) pun4 sbniqg J9oue) 5102

|esreiddy ABojouyoal -inA
pue -9|buIS UsaM]aq 8ouBIBYIP BY} AjLie|d 0} paysiignd sem aoueping
(VL) 1esteadde ABojouyosi-i3inw sA (yLS) 916uis IOIN 102

2SHN 8U} U0 8|qe|ieAe Ajaunnos aq asIMIBYI0 Jou PNom
ey sbBnup J1eoued 0} ss800e aaoiduwi O}, 0} 0L0Z Ul payoune| Ajreulbug

payosune| — pund sbniq Jasue) 0102

N @y: ul saibojouyos) yyesy Buisiwold 0} sseooe Jexoinb
poddns 0} ssao0.d juswssasse Abojouyos) ay; ul sebueyo Aey
auljpwilL

pue|bug

SHN

30IN
VHHN @
Aoy

suoneisayu| ”

pue suonosyu| e
N
& fpm% laoue)
Wy
seseasip
dljogels N

pue auo0puUl

aseesIp
Jejnosenoipie)

Aiojelidsay

aseasip
|jeaibojoinaN

ey ejuspy

10.57264/cer-2024-0130

*ﬁ:Becans



Perspective  Fitzke, Fayzan, Watkins, Galimov & Pierce

Box 1. Definition of real-word data, evidence and settings.

Globally, definitions of real-world data (RWD) and evidence (RWE) have varied widely. Inconsistent use of these
terms can cause confusion and impede evidence synthesis. We provide working definitions below, based on the
NICE RWE Framework, and we further distinguish between routinely versus prospectively collected data and
experimental versus nonexperimental settings.

Routine real-world data (RWD) Data from real world settings

Data relating to patient health status and/or the delivery of healthcare Data relating to health status and/or the delivery of healthcare that
routinely collected from nonexperimental settings (e.g., electronic has been routinely or prospectively collected in a

healthcare records; medical notes; audit and service evaluation; noninterventional/noncontrolled experimental setting
administrative and claims data) (e.g., observational cohort; single-arm trials)

Prospective real-world data (RWD) Real world evidence (RWE)

Data relating to patient health status and/or delivery of healthcare Evidence generated from the analysis of real-world data or data
that has been prospectively collected from nonexperimental settings collected in real-world settings

(e.g., health surveys or interviews; patient registries)

Definitions based on NICE RWE Framework [4] and adapted from references [6] and [7].

one case per 26,000—-127,000 [15], monitoring for this proved unfeasible using clinical trials of relatively smaller
sample sizes (i.e., 21,635 participants received the Astra Zeneca vaccine AZD1222 in the phase III trial), and RWD
was invaluable for safety monitoring. Within the UK, changes to the recommended use of COVID-19 vaccines
based on adenoviral vectors were prompted and resulted in changes to recommended administration to younger
populations, as early as 7 April 2021 [16].

Clinical trials may not be feasible in some scenarios, such as during the rapid evolutionary timeline of a mutating
pathogen affecting large populations. In such circumstances, RWD can be collected to retrieve effectiveness insights
of several new technologies, such as vaccines designed for specific SARS-CoV-2 variants. RWE evaluated for
technologies targeting the BA.2 Omicron variant (predominant globally from January to July 2022) has proved
invaluable to understand vaccine effectiveness in infection-naive populations [17] as well as providing comparisons
across various antiviral treatments [18].

Despite the successes made possible by RWD and RWE studies during the COVID-19 pandemic, the full power
of RWE can only be leveraged within a streamlined mechanism to provide access to data while maintaining data
security and privacy. However, the rapid expansion of RWE research has not addressed challenges, including lack of
standardization in data capture, geographical differences in availability of data for research use, cost and availability
of technology infrastructure, absence of unique patient identifiers leading to duplication of records or restricting
data linkage, challenges of data sharing [19], as well as acceptability of data transportability methods, which apply
result(s) based on data from one population to estimate the result(s) for another population by adjusting for
relevant differences in demographic, clinical and/or other factors between the two populations [20]. Coordinated
developments of data infrastructures, such as adopting standardized data formats (e.g., Observational Medical
Outcomes Partnership Common Data Model) will expand and strengthen possibilities of gathering insights based
on epidemiological data.

From April to May 2022, 528 cases of human mpox virus infection were reported from 16 countries outside
of Africa, where this virus is endemic [21]. In July 2022, the WHO declared mpox a public health emergency.
Networked or socialized healthcare systems in Israel were able to perform rapid analyses to direct public health
measures. By July 2022, RWD from Clalit Health Services in Israel provided an opportunity to evaluate effectiveness
of one dose of JYNNEOS (Modified vaccinia Ankara—Bavarian Nordic) in high-risk groups, where univariate
and multivariate Cox proportional hazards regression models with time-dependent covariates indicated an 86%
effectiveness against infection, adjusted for sociodemographic (i.e., living in the Tel Aviv district) and clinical risk
factors (e.g., HIV/AIDS history, HIV-PrEP use, syphilis infection and chlamydia infection) [22].

In early 2023, RWD surveillance detected a resurgence of measles cases from early 2023 through early 2024 (23,24].
These RWD supported rapid public health messaging to promote MMR vaccinations in young children, as in
England, coverage of two MMR doses at age 5 years is around 85%, well below the WHO 95% vaccine coverage
target. Just the year prior, polio virus was detected in sewage samples in London from February to July 2022 [25], and
the UK Health Security Agency declared a national enhanced incident response. Inactivated polio vaccine booster
campaigns were launched in August 2022, with catch up programs carried out in 2023. This case highlights the
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importance of routine environmental sampling for mounting a public health response [26]; which could become
more powerful if linked to de-identified health records.

As of 2022, 62,600 adults aged over 16 years (95% credible interval: 48,900-77,800) were estimated to be
chronically infected with hepatitis C [27], which equates to a prevalence of 0.14% (95% credible interval: 0.11—
0.17%). Though curable, when left untreated, chronic hepatitis C can cause liver cancer or liver failure. Using the
Discover-NOW dataset covering the population of North West London (NWL), which contains more than 2.8
million patients’ health data, in a safe, secure and trusted research environment, a retrospective study estimated
a prevalence of 0.3% across the population cohort in a study period of 31 December 1989—1 December 2023.
Such study results can be used to evaluate risk factors and propensity for infections, as well as triage support, raise
awareness and inform primary care networks or GP practices to more efficiently provide treatment. Such efforts
support the WHO’s and UK Health Security Agency’s goals of eliminating viral hepatitis by 2030.

Though less common, retrospective analysis of bacterial infections is also possible [28], to evaluate community
or nosocomial infection routes. More studies of primary or secondary bacterial infections and their risk factors,
as well as antibiotic prescription histories, can inform on improved recommendations and use of antibiotics and
treatments. RWE studies that elucidate resistance against antibiotics such as carbapenem [29], methicillin [30] or
ceftriaxone [31,32], are needed to shape national and international efforts to suppress antimicrobial resistance.

These examples highlight the rapid acceleration of access to RWE that has been facilitated by secure access to
routine EHR for population health management and research. However, potential underreporting — even when
legally mandated for measles [33] — remains a limiting factor in RWE studies, particularly for infectious diseases
when clinical diagnostic reliability declines during periods of low incidence. Likewise, vaccine coverage may be
underestimated, potentially caused by including patients having left the area/registry or by incomplete recording
of vaccination histories for those moving into the area/registry. Sensitivity analysis can be used to characterize the
uncertainty and support more robust interpretations of data [34]; but transparent reporting on the limitations and
caveats of RWE studies is crucially important for interpretability and strongly recommended.

Endocrine & metabolic diseases

Analyses of RWD can provide insights in multifactorial health spectra and multimorbid patients. Multimorbidity
has become globally prevalent, with increasing rates over the last 2 decades [35]. Between 2022 and 2023, 64%
of adults in England were estimated to be overweight or living with obesity (36]. Large scale RWE studies have
illuminated relationships between morbidities, to indicate areas for potential early intervention and early care
options for health providers. Body mass index for over 2.9 million patients in the UK were grouped and strength of
association with 12 obesity-related comorbidities was measured (37). Using a similar approach, Booth ez 2/. found
that hypertension prevalence was twice as high in patients with morbid obesity, suggesting hypertension control in
morbid obesity is a key target for future intervention [38].

RWD datasets can also enable large cohorts for analysis. For example, in a sample of more than 150,000
patients with Type 2 diabetes (T2DM), medication patterns were evaluated to provide insight around treatment
optimization (39]. In 2020, a risk prediction model was validated using primary care data for over 100,000 patients,
which accounting for variables such as sex, ethnicity and lifestyle factors was created to attempt to identify risk of
development of T2DM in patients with hyperglycemia (40]. Incidence of T2D per 1000 person years was highest in
patients aged between 70 and 79 years, higher in males versus females, and greater if a patient had family history of
T2DM. Scalable risk prediction models for multimorbid patients, with features based on demographics, lifestyles,
socioeconomic factors and medical histories, embedded within healthcare ecosystems, can become guideposts for
clinicians to determine the most effective care package for target patient groups.

Neurological diseases
Digital health technologies (DHTs) are increasingly being used to capture RWD, with examples in neurological
diseases. Before approved use for patients, DHTs such as wearable electronic devices supporting epilepsy mon-
itoring [41], regulatory review is required by the MHRA’s software as medical devices regulatory route, whereas
the NICE Evidence Standard Framework regulatory route is required for DHTs with system benefits or that help
patients understand healthy living and illnesses, preventing and managing diseases or with measurable user benefits.
RWD/RWE research can be challenging in disease areas with delayed onset such as dementia and Alzheimer’s
disease (AD), where long-term clinical follow-up has delivered invaluable information [42]. Innovative methods are
being explored to exploit RWE made possible from routinely collected data to supplement long-term and resource-
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intensive clinical trial units [43]. In a study of severe adverse events (SAEs) following onset of AD, Chen ez 4l. via
simulated data validated observed similar estimates (8.3% clinical trial rates vs. 8.9% simulated rates) of SAEs,
which were mapped from the trial and considered an SAE based on criteria for grade 3/4 (results in hospitalization)
or grade 5 (death), when proportional sampling was used to control demographic variables. Notably, the authors
found higher rates of SAEs in simulations of RWD trials, based on random sampling approach and 1000 bootstrap
sampling. To quantify healthcare resource use for patients with AD dementia, a retrospective study involving
18,116 patients from January 2010 until December 2019, patients were subgrouped based on rapid progressor
classification and based on their mean total healthcare resource use cost per patient per year across primary care,
secondary care and prescriptions [44]. The top factors most strongly associated with healthcare costs were dying
during follow-up, frailty, stroke, heart failure, T2D and cancer. The highest cost quintile comprised 1423 patients
(median age 84 years, 55% female) and used healthcare resources costing £13,665 per year, where the highest costs
were associated with rapidly progression AD dementia and care home admission.

Cancer
Within England, cancer outcomes are reported regularly to National Cancer Registration and Analysis Service,
which are then curated into cancer registration tumor and treatment dataset, the systemic anticancer treatment
dataset (SACT) and the National Radiotherapy dataset (RTDS). These data are invaluable for informing on real
world outcomes for patients with cancer and use of SACT is mandated for drugs with managed access agreements
as part of the cancer drugs fund (6]. As an example of when a clinical trial for metastatic castration-resistant prostate
cancer was deemed infeasible, a multinational prospective analysis of RWD from 3003 patients revealed that
the efficacy of three major treatments (abiraterone, enzalutamide and docetaxel) for metastatic castration-resistant
prostate cancer was similar [45]. In 2024, these data were included as part of a NICE recommendation for treatment.
However, as of 2024, there are significant barriers for researchers to readily access cancer RWD. Lags of 12—
18 months are reported for review and approval to either the SACT or RTDS datasets. Streamlining the timelines
for accessing such potentially impactful data would progress the capability of RWD researchers to use recent data
feeds on research queries involving overlaps of population health management and cancer incidence and treatments,
multimorbid profiles and propensity for cancer incidence and progression [46,47), or risk analyses for patients of
different health inequalities (48]. A viable recommendation for any health research involving dataset linkages (491,
quality control of accuracy and completeness between datasets is recommended to minimize potential bias in data
reporting (50}, while fully linked data could mitigate lags in access along with minimizing bias [51].

Mental health

Mental health comprises a broad range of conditions, including depression, anxiety, abnormal behavior, abnormal
movements, obsessive compulsive disorder, eating disorders, attention deficit hypertensive disorder, autism spectral
disorder, schizophrenia, bipolar disorder, self-harm and suicidal thoughts. Mental Health has long last become
recognized as an important factor of health. In the NHS, for adults, severe mental illness is one of the five key
clinical areas of health inequalities of the CORE20PLUSS5 approach to reducing health inequalities, where mental
health is one of the five key areas for children. The NHS long term plan also targets ’significant improvements
in mental health’, embedded within the NHS Mental Health Implementation Plan [52]. Mental health is also a
contributing factor of health inequities, with associations observed for mental health service demands in more
deprived communities [53]. With 75% of all mental disorders emerging before the age of 25 (54, using data to
support innovative approaches of improved care is a noble effort. In researching mental health for children, a
major issue involves the lack of standardized reporting of mental health data, rendering the service sector not fully
informed on patient needs and unmet needs.

Within England, national registries report on prevalence and healthcare outcomes for children with mental
health issues, based on semi-quantitative surveys, comprise a small sample size (i.e., 1905 children aged 7-16 years,
in 2022), with categorical answers of ‘unlikely to have a disorder’, ‘possible disorder’, or ‘probable disorder’ to assess
mental health prevalence (Table 1.1 raw data [55]). While lacking granularity of specific mental health conditions
with clinical confirmation, survey studies can inform on likely unmet need for patients not accessing health services
or support for mental health issues.

Granular, de-identified patient-level data of population studies can inform on inequalities of service use for chil-
dren accessing mental health services [56]. Comparing geographical disparities and differences in mental healthcare
utilization indicates impacts on equity based on socioeconomic deprivation and inequalities across populations.
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Table 1. Various frameworks to support causal inference in real-world data studies.

Target trial framework Estimands framework Causal roadmap

Features This study design emphasizes seven This study design is based on five elements: This study design proposes an interactive
elements: analysis plan, eligibility criteria, population, treatment, outcomes variable, approach toward establishing: causal
treatment strategies, assignment population-level summary, handling question/estimand alongside a causal
procedure, causal effect of interest, intercurrent events model, observed data, identifiability,
follow-up period, outcomes statistical estimand, statistical model and

estimator, sensitivity analysis and compare
design and analysis plans

Highlights Flexible framework that constitutes the Emphasizes need to construct a robust and Emphasizes need to address bias from the
most applicable basis for any RWE study, specific estimand, which addresses each study concept and iteratively addresses
which may be iterated and strengthened variable and factor of interest regarding mathematical variance and gaps when
by combining with other frameworks the study’s primary objective and accounts  inferring causality

for confounders and bias

Using the Discover-NOW dataset based in NWL, Lazzarino et al. reported significant differences in odds ratios for
children of different ethnicities across the general population, with lower-than-expected use of mental health ser-
vices utilization for the most deprived children in Ealing (NWLs most populous borough), Brent and Hillingdon,
suggesting that mental health needs of the most disadvantaged groups in these boroughs are not being met. RWD
have the potential to pinpoint opportunities to improve or strengthen healthcare policies and services, by resolving
queries on patient groups with sufficient specificity.

Preventative medicine

In the coming decades, RWD can be made useful in researching complications associated with our aging population.
People are living longer but living with a greater number of problems, with 67.8% of people in England aged over
65 years predicted to have multimorbidities by 2035 [571. RWE has already been powerfully informative in providing
insights on inequalities in healthcare based on age, as well as gender, deprivation and ethnicity. For example, in a
2024 publication of a cross-sectional analysis of 32,905 patients with diabetic kidney disease revealed that people
aged over 81 years were less likely to have had measurements for albumin-to-creatinine ratio, blood pressure or
hemoglobin Alc, which provides an average value of blood sugar levels over the past 2-3 months; women were
less likely to have their hemoglobin Alc measured; patients from the most deprived areas were less likely to have
their blood pressure measured; and Black patients were less likely to be prescribed statins compared with White
patients [58].

While such insights now allow targeted approaches to improve care for patient groups, RWE can provide insights
on healthcare staff. Interrogation of the linked healthcare data on unpaid carers in NWL revealed that unpaid
carers were, on average, older females from deprived areas who experienced a higher prevalence of long-term
conditions [59]. RWD has the potential to inform on opportunities for supporting care options for patients and
carers alike, based on reliable inputs such as socioeconomic status, demographics and geographical locations, which
can further promote improvements to population health management.

Use of RWD in health-technology assessments

NICE outlines the methodology for analyzing cost—effectiveness, via either cost-utility or cost-comparing models.
Cost-utility models comprise full economic analysis of the innovation relative to comparator(s), measured in
quality-adjusted life years (QALYs), nominally using EQ-5D frameworks. A cost-comparison model is another
powerful economic model for innovations that can offer similar outcomes to patients but at a similar or lower
cost to comparator(s). Cost-comparison analyses do not include comparisons of the health outcomes, which are
captured in clinical-effectiveness evidence, but rather comprise cost data consistent with published NICE guidance
for comparator(s) [60]. RWD is powerfully informative as the time horizon access from routinely recorded data is
often longer than data capture via clinical trials, increasing the probability of capturing important cost or outcome
differences.

We have investigated how routine RWD has been incorporated into the NICE single technology appraisal (STA)
process since the NIHR Health Technology Evaluation: The Manual and Real World Evidence Framework was
published (Supplementary Material). We found that RWD was more frequently used to evaluate cost—effectiveness
than clinical effectiveness (Figure 2). RWD was often used to validate assumptions of economic models: for example,
TA880 (tezepelumab for treating severe asthma, AstraZeneca) conducted a UK-based real-world study using Clinical
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Figure 2. Use of routine real-world data in evidence as part of 12 cancer and 63 noncancer National Institute for
Health and Care Excellence single technology appraisal submissions. (A) Number of submissions that were reviewed
for use of RWD by specialty, including nine for rare diseases (affecting fewer than 1 in 2000 people); (B) Proportion of
submissions that used RWD to demonstrate clinical effectiveness; (C) Proportion of of submissions that used RWD to
demonstrate cost-effectiveness.

RWD: Real-world data; TA: Technology appraisal.

Practice Research Datalink and Office for National Statistics data [61]. This highlighted that all-cause mortality
in the target patient cohort was considerably higher than their previous modeling, which increased the potential
benefit of tezepelumab to patients in health economic models, and ultimately this technology was recommended
for use. In contrast, TA777 (solriamfetol for treating excessive daytime sleepiness caused by obstructive sleep apnea,
Jazz Pharmaceuticals) used Hospital Episode Statistics data to compare to the rate of adverse events (AEs) including
one serious AE (stroke) observed in the original double-blind RCT and subsequent single-arm follow-up trial. This
highlighted that AEs were relatively rare in the real-world (compared with the control arm of the pivotal trial). This
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increased the company’s base case incremental cost—effectiveness ratio, and the technology was not recommended
by NICE (e21.

These examples highlight how RWE can inform future policy and NICE guidance. Strengthened population
health management can create a positive feedback loop, as enabling health equity will lead to more informed health
economic modeling of innovative technologies, as QALYs are weighted equally regardless of individual patient
characteristics.

Causal inference

When estimating causal effects, drawing causal inference from RWE studies can be possible, when accounting for
and transparently reporting several assumptions and addressing bias. Understanding data integrity and provenance,
planning robust methodology to minimize bias, completing feasibility assessments, and quantifying data quality are
paramount toward conducting a robust research study and delivering reliable results. When inferring causality, the
NICE RWE Framework promotes a Target Trial Approach to estimate intervention effects using quasi-experimental
and non-randomized designs (Box 1) 3]. This approach outlines a RWD study based on 7 features (Table 1). Another
approach, the Estimands Framework, focuses on establishing a specific question, the estimand, that accurately and
precisely defines the measurement and methodology for answering the primary objective [63]. Use of either approach,
separately or in combination, is recommended to avoid immortal time bias, which arises from improper index
event definition, or intercurrent events, which compete with and alter analysis of outcomes of interest. Another
approach, the Causal Roadmap, follows a similar design framework though emphasizes the need for accountability
for confounding factors and causal gaps throughout the study design process [64]. We recommend that each approach
be reviewed for each RWE study, to iteratively improve its design to minimize bias and maximize robustness and

quality.

Future perspective

Health researchers are presented with enormous opportunity and potential to impact a wide array of health
areas, given the current state of RWD and SDEs. RWE has already impacted on common health areas as well
as rare diseases, as standalone research studies, in conjunction with clinical trials, and as supporting evidence
during post-marketing surveillance. However, there are still several limitations in conducting RWE studies, such as
issues involving data quality and completeness. Raw imaging data and free text GP notes are not often captured in
standardized data warechouses, and such gaps in data must be accounted for when carrying out RWE studies. Careful
documentation of quality issues is strongly recommended during data preprocessing. Another important aspect is
developing study plans that identify biases and address inequalities to minimize the likelihood of class imbalance
and maximize the possibility of elucidating population health inequalities [65]. When developing a machine learning
model, researchers should assess the plausibility of assumptions for identifiability, as well as critique assumptions of
the stable unit treatment value assumption, positivity assumptions and unconfoundedness [66,67).

When looking toward future opportunities, public engagement and input is essential. The Health Data Research
UK (HDR UK) established the concept of Five Safes Framework, which aims to establish Safe Data, Safe People,
Safe Projects (which was recently updated to Safe Research), Safe Setting and Safe Output [68]. These endeavors
were carried out in consideration of patient safety but also to support carer and system needs (e.g., reducing
administrative burdens). National and subregional SDEs are being developed across England, with consideration
of public input and feedback. Public deliberation on access to SDEs, such as OneLondon’s events with members
from the public since 2020, aided in establishing guidelines for carrying out research with sufficient breadth and
depth of benefit [69].

An obvious opportunity in pursuing RWE studies regards the availability of advanced analytical tools [43,70,71].
Deep learning techniques are now being successfully applied not only for conversion of unstructured sources
(clinical notes/images) into structured data, but also in predictive tasks [72]. Generative artificial intelligence is
considered for automating various summarization tasks as well. The advantage of deep learning-based methods
is that they can be used for handling high-dimensional and unstructured data, time-series data, or data with
high level of missing values. Another important area is data augmentation and synthetic data generation which
should significantly enhance collected RWD and improve the performance of predictive models. An important
consideration is sustainability, where models must be reviewed and updated following deployment, as data drift is
a regular issue facing healthcare predictive models.
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Further opportunities will arise when datasets become increasingly standardized and linked. Within England,
datasets are becoming safely federated to provide insightful and elucidating information on health issues, while
unveiled clinically effective or cost-effective innovations may benefit patients. Through careful and considerate
planning of research methodology and tapping into the possibilities of sources within SDEjs, researchers are poised
to guide policies that return improved and equitable care packages directly to patients. We strongly recommend
researchers analyzing RWD develop Protocols with defined statistical approaches to minimize bias [3]. Furthermore,
we also recommend that researchers who use RWD report statistical outcomes transparently, appropriately and
accurately, as misinterpreted statistical approaches can lead to inaccurately reported outcomes [73,74].

Executive summary

e Real-world data (RWD) and real-world evidence (RWE) have historically been defined differently by varying
global health regulatory bodies.

e Recently, growing consensus and acceptance of RWD/RWE has seen it rise in prominent use for research purposes
and regulatory submissions for innovative technologies.

e Numerous health areas, such as infectious diseases, neurological diseases, metabolic diseases, mental health
conditions, and population health management have greatly benefited from RWE research outcomes.

e The standards of RWD research must match that of clinical trial research, by minimizing bias and transparently
reporting on data provenance and quality, using robust study design and robust statistical interpretation.

e Causal inference can be studied using RWD, though great care must be taken when designing and conducting
the research study, with caveats and limitations routinely reported alongside the research outcomes.

e Since 2022, technology appraisal submissions to NICE have included several examples of RWE, with more focus on
cost-effectiveness research rather than clinical effectiveness.

e The deployment of the increasing available powerful analytic tools, such as machine learning and artificial
intelligence, must be grounded to the specific research question and refined during study design to minimize bias
and confoundedness.

e While study design and statistical planning are paramount, alongside data integrity and quality, patient input
and feedback is critically important to inform researchers on addressing patient-centered issues that provide real
value-based return.

e The networking of secure data environments within England will support further data linkage and enable deeper
enquiries into relevant patient cohorts.
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