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Randomized Controlled Trials Versus Real 
World Evidence: Neither Magic Nor Myth
Hans-Georg Eichler1,2,*, Francesco Pignatti1, Brigitte Schwarzer-Daum2,3, Ana Hidalgo-Simon1, Irmgard 
Eichler1, Peter Arlett1,4, Anthony Humphreys1, Spiros Vamvakas1, Nikolai Brun5 and Guido Rasi1,6

Compared with drugs from the blockbuster era, recently authorized drugs and those expected in the future present a 
heterogenous mix of chemicals, biologicals, and cell and gene therapies, a sizable fraction being for rare diseases, 
and even individualized treatments or individualized combinations. The shift in the nature of products entails secular 
trends for the definitions of “drugs” and “target population” and for clinical use and evidence generation. We discuss 
that the lessons learned from evidence generation for 20th century medicines may have limited relevance for 21st 
century medicines. We explain why the future is not about randomized controlled trials (RCTs) vs. real-world evidence 
(RWE) but RCTs and RWE—not just for the assessment of safety but also of effectiveness. Finally, we highlight that, 
in the era of precision medicine, we may not be able to reliably describe some small treatment effects—either by 
way of RCTs or RWE.

What types of clinical study designs are appropriate to generate 
knowledge about the good or bad effects of drugs? Should we rely 
solely on randomized clinical trials (RCTs) because they are less 
prone to bias or should we push for more real-world evidence (RWE) 
because it might provide some of the information we really need to 
guide treatment decisions in routine care? The arguments have been 
aired extensively on both sides of a sometimes acrimonious debate. 
The controversy about the value of nonrandomized RWE was re-
cently fanned by an insightful article by Collins et al., titled “The 
Magic of Randomization vs. the Myth of Real-World Evidence”1; 
the authors make a well-justified case for modernizing and improv-
ing the feasibility of RCTs but also caution against the use of RWE.

We here share thoughts why we believe that neither magic nor 
myth need to be invoked and we explain why we believe the future 
is not about RCTs vs. RWE but RCTs and RWE—not just for the 
assessment of safety but also of efficacy and relative effectiveness. We 
highlight that the way evidence was generated for 20th century med-
icines, like statins, and the lessons learned from these examples may 
have limited relevance for the medicines being developed now and 
in the near-term future. Finally, we draw attention to the disconcert-
ing fact that, in the era of precision medicine, we may simply not be 
able to reliably describe some small treatment effects—either by way 
of RCTs or RWE. To address these increasingly frequent situations 
characterized by unavoidably scarce evidence, decision makers, in-
cluding regulators, payers/providers, and, ultimately, the prescriber 
and patient, may need to evolve their decision frameworks.

THE CHANGING NATURE OF DRUGS
The great majority of drugs authorized during the “statin era” be-
fore the turn of the 21st century were chemicals (with very few 

biologicals), aiming for “blockbuster status.”2 By contrast, recently 
authorized drugs present a heterogenous mix of product types: of 
the 73 products containing a new active substance centrally au-
thorized in the European Union between January 1, 2018, and 
December 31, 2019, 39 were chemicals, 29 were biologicals, and 
5 were Advanced Therapies Medicinal Products (ATMPs; com-
prising cell, gene, and tissue engineered therapies). Twenty of 73 
were designated orphan medicinal products, meaning that the 
prevalence of the target condition is < 5 of 10.000 in the European 
Union. An additional 8 were authorized for rare conditions but 
did not receive orphan status for a range of legal or regulatory rea-
sons; hence, the total number of products for rare diseases is 28, 
that is close to 40% of all products containing a new active sub-
stance (for a complete list of products and characteristics, please 
see Table S1).

Based on the European Medicines Agency (EMA)’s in-house 
horizon scanning activities and predictions by other organisa-
tions,3 we are confident that the trend toward complex biologicals, 
ATMPs, and drugs for orphan diseases will accelerate over the 
coming decade. It has been estimated that by 2025, 10–20 cell and 
gene therapy products will be approved each year.4

The shift in the nature of products is relevant because it en-
tails other secular trends for evidence generation. Most older 
drugs belonged to classes of compounds that are pharmacolog-
ically similar and intended for large groups of eligible patients; 
examples include statins, angiotensin receptor blockers, or pro-
ton pump inhibitors. With these compounds, the pharmaco-
logic target of drug action and the drug-target interactions are 
essentially the same across most or all patients. Observed dif-
ferences in clinical effect size across patient subpopulations can 
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usually be explained by differences in down-stream pathologies 
or other between-patient differences external to the drug-target 
interaction per se. For example, the pharmacological drug tar-
gets for statins are the same across a number of subpopulations 
that can be defined by extra-pharmacological patient character-
istics, such as primary prevention (a lower risk group) or second-
ary prevention (higher risk) groups. Consequently, it has been 
claimed that “valid estimates of the absolute benefits and harms 
of a treatment can be obtained by applying reliable randomized 
evidence for its separate proportional effects on each outcome 
of interest to the absolute incidence of these outcomes in ob-
servational studies conducted within a particular population.”1 
Where this assumption holds, results from RCTs may indeed be 
reasonably extrapolated across subpopulations (e.g., from higher 
risk to intermediate or even lower risk groups).5,6

Contrast this situation with the case of, for example, recently au-
thorized treatments for cystic fibrosis (CF); patient heterogeneity 
is of a fundamentally different nature. CF is caused in all patients 
by a well-defined dysfunction in a single physiologic structure, a 
transmembrane chloride channel (CFTR). However, in each indi-
vidual patient, the dysfunction itself is the result of one of > 2,000 
different known mutations in the CFTR gene, which lead to de-
fects in protein production, trafficking, function, misfolding, or 
premature degradation.7 Drugs designed to modulate the CFTR 
product itself (rather than downstream common pathologies like 
infection or bronchial obstruction) are confronted with different 
drug targets across different subpopulations. The proteins encoded 
by some mutations are a better fit for a given molecule than those 
encoded by other mutations, and with some mutations there is no 
target protein present at all. It follows that the definition of a treat-
ment population for the design of such drugs and for the genera-
tion of evidence about their effects (to be discussed below) must 
be mutation-specific, or at least specific to clusters of mutations. 
Extrapolation of efficacy information from one subpopulation to 
the next is therefore fundamentally different from a statin-type sit-
uation and will be quite impossible in some cases.

A very different example of drug-target heterogeneity is 
presented by cell therapies, which are autologous and thus pa-
tient-specific; no two patients receive identical treatments—a sit-
uation unheard of with nearly all 20th century treatments. Two 
autologous chimeric antigen receptor T cell therapies were ap-
proved in the past years in several regions for the treatment of de-
fined hematologic malignancies.8,9 On-market experience shows 
that their clinical effectiveness is dependent not just on the clin-
ical condition of the patient at the time of treatment but also, to 
no small extent, on the way the cells are harvested, prepared, and 
administered.10,11

The most extreme form of individualization of the drug-target 
interaction is now emerging with the development of therapies spe-
cifically designed for one single patient. We recently witnessed the 
development of an antisense oligonucleotide (ASO) therapy (mi-
lasen) specifically designed to correct the mis-splicing of mRNA 
for a single patient with a very rare form of Batten’s disease. The 
researchers emphasized that milasen “is not suited to the treatment 
of other patients with Batten’s disease because its design is custom-
ized to our patient’s specific mutation.”12

To date, there is only a very small number of patients, includ-
ing a person with idiopathic multicentric Castleman’s disease, who 
identified a specific signaling pathway as a target in their own dis-
ease. Yet, these cases illustrate how recently developed technologies 
permit the delineation of pathways for truly individualized drug 
development.13

ASOs are not the only therapeutic platform that lend themselves 
to the design of individualized treatments. Similarly, protein-based 
therapeutics (such as Fc-fusion proteins, antibody fragments, and 
antibody–drug conjugates), small interfering RNAs, or genetic 
constructs (e.g., for cell-based gene therapy) can be tailored to one 
individual patient’s signaling or other disease pathway as a target 
in their own clinical condition. The hoped-for result of treatment 
personalization is not only improvement in effect size, compared 
with the blockbuster model, but also an expansion of the numbers 
and types of selectable targets.7

Drugs designed for individual patients raise the fundamental 
question of our definition of the term “drug.” Consider a defined 
“condition,” like CLN7 Batten’s disease, for which different patho-
genic mutations are found in (nearly) each individual patient. 
Although all of them may receive an ASO with the same chemical 
backbone and sugar chemistry modifications, each ASO would be 
chemically different and patient-specific. Are we looking at one 
archetypal drug, or a drug class, or a multitude of different, indi-
vidualized drugs? Similar considerations may apply to our defini-
tion of what is a “clinical indication.” For regulatory approval, it 
has been suggested that “approvals as variations on a well-charac-
terized archetypal product might be feasible if the interventions 
are closely related.”13 Although this might be a useful approach to 
regulatory approval of some families of individualized treatments, 
we will need to address the separate question of study designs for 
this growing number of 21st century treatments.

As our understanding of disease mechanisms improves, combi-
nation therapy targeting different aspects of disease pathogenesis, 
already a standard procedure in cancer, will likely become the new 
standard in a growing number of disease areas. Combination may 
refer to sequential or combined administration of conventional 
drugs or even to combined modalities, such as small-molecule con-
jugations with an antibody. Although combination therapies are 
not new, and have been investigated in RCTs, personalized combi-
nations, guided by omics or other criteria, may in some conditions 
result in a situation where (almost) no two patients will receive the 
same treatment regimens.

A further challenge to evidence generation for 21st century 
drugs may arise because of the changing nature of the product over 
time, and therefore of the drug-target interaction. We have dis-
cussed above how chimeric antigen receptor T effectiveness may 
depend on the production process. As experience accumulates, and 
cell processing is increasingly optimized over time, the biological 
effects of these cell products will shift and efficacy information 
from past clinical trials becomes less relevant. Another example is 
Zynteglo, a product based on autologous CD34+ cells encoding 
the βA-T87Q-globin gene, recently authorized in the European 
Union for the treatment of β-thalassemia. Patients enrolled in 
early pre-authorization trials had received a slightly different ver-
sion of the product than patients treated immediately pre-launch 
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and post-launch, requiring bridging studies to reassure regulators 
of the safety and efficacy of the final approved product.14 It may 
be expected that further post-authorization modifications to the 
manufacturing process will emerge—with this product and most 
other ATMPs—raising the question whether we are still looking 
at the same “drug” over time—and about the continuing relevance 
of early clinical trial data and the need for revised regulatory and 
other decisions.

A broadly similar issue will arise with the advent of drug-device 
combinations, with some devices incorporating software. Devices 
have been known for incremental improvements over time, making 
such treatments a moving target. How long will the results of a past 
RCT remain relevant if the treatment itself keeps changing over 
time?

Contrast this with, for example, simvastatin, whose chemical 
structure remains identical over decades and where there is no 
question about the continuing relevance of RCTs conducted de-
cades ago, as long as the definition of target population remains 
unchanged.

The above examples and secular trends illustrate how 20th 
century blockbuster drugs are being replaced by niche products,2 
treatment platforms that lend themselves to personalization, in-
dividualized (or very-small number) drugs, or individualized 
drug-drug or drug-device combinations. With these emerging 
treatments, patient heterogeneity is not only a function of down-
stream or concomitant pathologies but of the very basis of drug 
action, the drug-target interaction. As a result, the definitions of 
“drug” and of “target population” are becoming more fluid and 
changing over time, with important consequences for drug utiliza-
tion and evidence generation.

WHAT WILL THESE TRENDS IN THE NATURE OF MEDICAL 
TREATMENTS MEAN FOR HEALTHCARE SYSTEMS?
The obvious consequence of the shift from blockbuster to niche-
buster drugs is a decrease in the size of the treatment-eligible pop-
ulation.2 This is accompanied by a second, less apparent trend: 
statin-type drugs were prescribed by large numbers of (primary 
care) physicians. Novel drugs remain mostly in the hands of spe-
cialists, and, increasingly, are confined to use in tertiary care cen-
ters. Of the 73 drugs authorized in the European Union in 2018 
and 2019, 59 (almost 81%) had some form of prescribing restric-
tions in their summary of product characteristics (see Table S1; 
e.g., “Treatment should be under the supervision of a physician ex-
perienced in the treatment of haemophilia”). Partly, this is due to 
the nature of the target population, such as patients with rare dis-
eases, who are predominantly seen in specialized centers. However, 
many novel drugs, like cell or gene therapies, cancer treatments, 
and other non-small molecule drugs, also require intense imme-
diate and follow up management. An example is the requirement 
for myeloablative conditioning before infusion of gene-modified 
human stem cells, which is associated with significant untoward 
effects. As a consequence, such treatments will mostly be confined 
to a small number of highly specialized centers, at least initially 
(some follow-up care might be shifted toward the primary care 
sector who therefore need to be adequately informed about treat-
ment at the tertiary care facility). The shift in healthcare delivery 

has immediate consequences for our considerations of RCTs and 
RWE: in the future, specialized tertiary care facilities should be 
expected and held accountable to implement a high level of patient 
documentation that enables generation of high-quality real-world 
data, and ultimately the development of a “learning health care 
system” with the ability to provide increasingly robust assess-
ments of drug effects over time.15 Examples of using specialized 
centers for knowledge generation about novel drugs include the 
patient registry managed by the European Society for Blood and 
Marrow Transplantation,16 and Cystic Fibrosis patient registries 
in Europe17 and in the United States.18

We touch upon another consequence of the changing nature 
of drugs for health care and public health. Collins et al.1 observe 
that “...the direction of drug development has changed in ways 
that may adversely affect public health. For example, in the past 
decade, the revenue from the 10 top-selling drugs in the United 
States increased by a factor of 2.5, but the patient population that 
those medications target decreased by a factor of 7.5 [...]. This 
trend [is] leading to a shift toward seeking treatments with larger 
effects in less common conditions that could be detected in smaller 
trials.” We fully agree with the observation of the trend—which 
we have described in more detail above—and with the notion that 
the observed shift may have unwelcome economic consequences 
for healthcare systems. However, setting aside the economic as-
pects, we politely disagree with the conclusion that the long-term 
trend “may adversely affect public health.” It goes without saying 
that larger effects are preferable to incremental effect sizes, such as 
those of statins. Some but not all of the personalized treatments 
discussed above have shown impressive effect sizes that proved im-
mediately life changing for patients. As to the diminishing target 
populations, we would argue that we are in the early stages of 21st 
century treatments. Broad application of sequencing technologies 
and other advances in basic sciences has uncovered the causes of 
a range of (rare) pathologies and has identified new mutations 
responsible for previously defined disorders with considerable 
knock-on effects for similar pathologies. As we learn to manipulate 
technology platforms7 to develop personalized, or at least strati-
fied, treatments at an increasing rate and speed, the circle of pa-
tients benefiting from such treatments will inevitably widen. The 
broadening of focus from statin-type drugs to include these novel 
therapies should be welcomed by patients, healthcare professionals, 
and the drug development community. The difficulty of conduct-
ing (large) RCTs of these therapies should not deter us from seek-
ing to exploit their potential.

WHAT WILL THESE TRENDS IN THE NATURE OF MEDICAL 
TREATMENTS MEAN FOR CLINICAL KNOWLEDGE 
GENERATION?
Building on our observations and expectations of 21st century 
drug treatments, we foresee at least three broad scenarios applica-
ble to the broad spectrum of drugs.

The first scenario is not too dissimilar from the old statin par-
adigm: a small to medium size effect is to be demonstrated for 
consistent drug-target interaction across a large target population. 
A topical example is afforded by the urgent search for coronavi-
rus disease 2019 treatments and vaccines: numbers of patients 
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available for enrollment in RCTs were high, at least during the ini-
tial peak of the pandemic, the treatment target (i.e., the virus), was 
the same for all patients (at least for those treatments that directly 
targeted viral infection and replication, and discounting viral mu-
tations) and effect sizes were expected to be small. Moreover, the 
disease did not lend itself to evidence generation by way of non-
RCT methods because effect modifiers were poorly understood 
and construction of external control arms was not a viable option 
in light of the fast evolution in disease management, resulting in 
“drift” in clinical outcomes.19 In this case, large well planned RCTs, 
ideally multi-arm platform trials were doable and seemed like the 
only useful way to generate robust evidence. Note that even in this 
scenario, RWE has, and always had, an established place to comple-
ment RCTs for disease epidemiology, detection, and evaluation of 
safety issues, studying special populations and observing on-market 
effectiveness for products with RCT demonstrated efficacy.

The second scenario, at the other extreme end of the spectrum, 
will be a growing number of drugs for ultra-rare diseases, very small 
subpopulations, or individualized treatments where adequately 
powered RCTs are impossible to conduct.

These drug-indication pairs require a rethink of the traditional 
evidence generation paradigm, characterized by clinical trials con-
ducted in a small sample of selected patients with a hope that the 
trial patients will be more or less representative of the much larger 
target population for whom the conclusions are drawn; in this tra-
ditional scenario, the majority of patients treated after marketing 
approval contribute little or nothing to knowledge generation, the 
research setting is separate from the treatment setting.

By contrast, with some niche products, the study population and 
the target population will become near-identical, as almost every 
new patient treated will necessarily become a trial patient through-
out the life span of the drug (i.e., before and after an initial market-
ing authorization). Hence, the research and treatment settings will 
increasingly overlap. The good news is, when the trial population is 
the target population, concerns over representativeness or external 
validity of results become a moot point.

However, the bad news is, when RCTs are not doable as a con-
sequence of small populations or the inability to ethically or prac-
tically create a (randomized) concurrent control population, what 
type of evidence is left to assess these new drugs? Options are nec-
essarily limited and include the below types of study:

• Evaluation of disease trends before and after treatment (some-
times referred to as interrupted time series). Note that this 
quasi-experimental analysis, where a patient serves as their own 
control, is not feasible in neonate or very young children, a sce-
nario that is becoming more frequent with gene therapies. In a 
few rare disease conditions, it may be possible to conduct dou-
ble-blind, (placebo-) controlled crossover study design where 
each individual patient also serves as their own control.20

• Running a (small) single-arm trial and compare the single-arm 
trial data with external controls.21 With the growth of informa-
tion available in disease registries and from e-health records, it 
may be possible to match individual patients receiving an exper-
imental therapy to one or more comparable patients (e.g., with 
the same mutation). Such external controls may come from 

different regions and, in many cases, control patients may have 
died by the time their data are used. However, external controls 
will by their very nature not completely match the patients 
under investigation, so the information generated by external 
controls in this setting is naturally limited. In addition, even 
with rich, high-quality data sets, not all relevant confounders 
may be available or known and cannot be matched.

• Extrapolation based on experience with broadly similar treat-
ment modalities, in vitro experiments, animal models of effi-
cacy, and pharmacokinetic/pharmacodynamic modeling, as 
well as modeling of disease progression based on natural history 
data.20

The third scenario sits between the first two and can be concep-
tualized as a combination of the other two scenarios, in that RCTs 
are doable for some patient subgroups but not for others.

The third scenario is illustrated by the example of CF: the most 
prevalent CF causing mutation, F508del, is sufficiently prevalent 
to enable the conduct of adequately powered RCTs within a rea-
sonable time frame. Two confirmatory RCTs, comparing luma-
caftor, a CFTR corrector, in combination with ivacaftor, a CFTR 
potentiator, with placebo on top of standard of care, successfully 
enrolled a total of 1,108 patients in 12  months.22 Yet, for some 
patients with ultra-rare CFTR mutations, RCT information will 
not become available in the foreseeable future. For some of those 
patients the decision to treat or not to treat with the combination 
(or a component drug) might be based solely on an in vitro test of 
change in CFTR-mediated chloride transport, combined with ex-
trapolation to clinical study results—even though the magnitude 
of the change in chloride transport is not correlated with the mag-
nitude of clinical response for individual mutations.23 Although 
this level of “evidence” may be deemed unsatisfactory, it is the best 
available basis for treatment decisions. The treatment outcome in 
these patients will need to be closely monitored and, effectively, the 
study population and the target population are becoming identical 
until enough experience has been gathered by way of RWE to in-
form treatment decisions for future generations of patients.

Whereas rare diseases may appear as the obvious examples of 
conditions requiring different study designs for different subpopu-
lations, we anticipate the majority of cases in this scenario will likely 
emerge in the field of oncology, as a result of biomarker-driven 
drug development. For many types of malignancies, there will be 
different actionable biomarkers, some sufficiently prevalent to 
allow for adequately powered RCTs, perhaps in the form of multi-
arm comparisons. However, the prevalence of other potentially ac-
tionable stratification biomarkers will be extremely low, presenting 
drug developers and decision makers with a situation analogous to 
that described above for rare mutations in CF. For example, the 
activating E17K mutation in AKT1 (v-akt murine thymoma viral 
oncogene homologue 1) kinase has a central role in one of the most 
frequently activated proliferation and survival pathways in cancer; 
it is found in around 3% of cases of breast cancer but is even less 
common in other solid tumors making a traditional anatomy-based 
stratified development impossible.24–26

The above examples illustrate what we argue will be the inevita-
ble future of evidence generation for many drug-indication pairs: a 
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combination of randomized and nonrandomized methods, draw-
ing on a variety of data sources, with data being prospectively or 
retrospectively collected. In most cases, patients will need to be 
followed up for prolonged periods of time, especially postautho-
rization, to empirically confirm or refute a priori assumptions of 
(comparative) efficacy and safety.
Figure 1 conceptualizes the complex matrix of evidence genera-

tion defined by the following required:

• breadth of information, which refers to (sub-)populations char-
acterized by different mutations, disease severity, comorbidity, 
or phenotypic patient factors,

• depth of information, which refers to different efficacy and 
safety end points, and

• context of information, which refers to a range of comparator 
treatments, and treatment combinations.

The figure also highlights that the information from RCTs can 
only answer a minuscule fraction of the near-infinite number of 
questions about subpopulations, interactions, treatment settings, 
effects, etc., that are relevant to patients and healthcare profes-
sionals at the point of care. Although this limitation, along with 
the issue of external validity of RCT results, was true even for 

blockbuster-type drugs, it will become the dominant issue with 
21st century type drugs.

If we wish to move from “satisficing” strategies (“do we have at 
least minimal information to be satisfied that the drug works on 
average in at least one group?”) to optimal evidence generation 
strategies (“how can we collect the best possible information to re-
fine the understanding of biological effects in different contexts?”), 
then the use of RWE and other sources of information comple-
menting RCT information has to become the norm.

As RWE is becoming part of the picture, there are more ques-
tions to be answered in addition to the analytics approach, in-
cluding limitations of real-world data availability (especially from 
specialist settings),27 quality, and completeness, comparability of 
outcomes collected in the real-world vs. more rigorously assessed 
or adjudicated data collected in RCTs, and matching of outcomes 
in RCTs, such as quality of life data, that may not be assessed in 
routine clinical practice.

Fortuitously, there are drivers in the healthcare systems that may 
help address these issues, at least to some degree. These include the 
demand from payers and health systems to raise cost-effectiveness 
of treatments, demand from patients to get access to innovative 
treatments faster, the growing need to understand real-world/
long-term effectiveness and safety, and a mindset shift that realizes 

Figure 1 The complex matrix of research questions and methods. The graphic conceptualizes the complexities of research questions 
associated with a hypothetical drug treatment intended for a disease condition caused by different mutations in individual patients. 
Complexity is defined along three axes: the x-axis depicts breadth of information (i.e., different patient subgroups, based on mutation, 
phenotype, or disease stage), the z-axis depicts depth of information (i.e., different types of efficacy or safety end points of interest), and 
the y-axis depicts context of information (i.e., different comparators or treatment combinations). Each cell in the three-dimensional matrix 
represents an item of information that may be relevant for a particular decision maker and/or patient subgroup. Different study types 
(symbolized by different colors) will be required to generate the information, given the appropriateness of methods for different research 
questions as well as practical constraints on evidence generation. Note that for some research questions, there will be no data and 
information available at all, at least at the time of market launch. See main text for real-life examples that fit the schematic. ECA, external 
control arm; RCT, randomized controlled trial.

REVIEW



CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 109 NUMBER 5 | May 2021 1217

even RCTs have their own limitations. These drivers are gradu-
ally bringing about an increasing availability and emphasis on im-
proved quality of real-world data, in turn, leading to growing use 
and acceptance of RWE along with RCTs.

Finally, the need for additional sources of (non-RCT) evidence 
and better methods for evidence synthesis is coming to the fore 
in the increasingly common situation of detecting small effects in 
small target populations. It is easy to detect large effects, like cure 
or complete and durable disappearance of symptoms, either by way 
of randomized or even nonrandomized methods, but small effects 
are tricky to demonstrate. Yet, some beneficial drug effects may be 
described as small in terms of evidence generation but may still be 
relevant in the eyes of patients. Sufficiently large randomized trials, 
which could reliably assess such effects are not feasible, due to a 
scarcity of patients. On the other hand, nonrandomized real-world 
studies may be doable (e.g., by relying on external control groups 
from various sources), as discussed above. However, the potential 
biases can be appreciable, so the results often cannot be trusted 
when the benefits of a treatment are only moderate.1 In this sit-
uation, all options available to decision makers look unattractive. 
Should strict evidence standards be maintained, potentially de-
nying patients a relevant benefit “because there is no robust evi-
dence”? Or should evidence standards be relaxed, giving patients 
the benefit of the doubt, but at the risk of doing more harm than 
good?

There is, in our view, no single obvious solution to address the 
uncertainty resulting from unavoidably scarce evidence. However, 
to avoid potentially inconsistent one-off decisions we submit that 
regulatory (and other decision) frameworks will need to evolve 
to encompass four elements when decisions are taken under these 
circumstances:

• An agreement on the level of evidence needed at the point of 
initial authorization and market launch, including an agree-
ment on what evidence can be derived from RCTs and/or (non-
randomized) real-world studies.

• Rigorous on-market follow-up of clinical outcomes in, ideally, 
the majority of patients, not only of safety but also effectiveness, 
with a view to progressively maximizing the understanding of 
benefits and harms. Where applicable, the postmarketing evi-
dence generation plan should address the continuum of evolv-
ing RCT and nonrandomized RWE evidentiary value over 
time.

• Transparent, explicit, and retraceable synthesis of the available 
evidence including its limitations and trade-offs in the decision, 
and

• a regulatory (and Health Technology Assessment or payers’) 
framework that allows frequent assessment and communica-
tion of new information and refinement of regulatory and other 
decisions as knowledge accumulates over time.

Besides a comprehensive decision framework, we need to ad-
dress another question: how can we synthesize the information 
from different sources and analytic methods in a meaningful way? 
We have discussed how, with 21st century drugs, the need for more 
explicit methods of evidence synthesis is becoming apparent but 

there is no ready-to-use methodology that would lend itself to the 
many facets of the evidence matrix (Figure 1). It is tempting to 
speculate that advances in meta-analytical techniques, bioinfor-
matics, causal inference, and artificial intelligence, building on ar-
tificial intelligence advances from other fields, can be harnessed to 
achieve the goal in a more explicit and systematic way in future. 
Similarly, regulators and other decision makers attempt to look at 
the “totality of evidence.” Yet, this is most often done by implic-
itly weighing strength and importance of evidence from different 
study types. Methods like multicriteria decision analysis would be 
particularly important for communicating regulatory (or Health 
Technology Assessment or payers) decisions about complex qual-
ity, nonclinical, and clinical data from multiple sources and with 
many uncertainties; such methods are available and have been ex-
plored in the drug regulatory and other contexts but there is more 
work to be done to establish their value and role.28

CONCLUSION
The nature of new drugs coming to market and the conundrum 
of demonstrating moderate effects in very small populations dic-
tates new ways of generating decision-quality evidence. Nostalgia 
for the “magic” of large RCTs and prolonging the debate about 
“RCTs vs. RWE” are unhelpful. Whereas fully acknowledging the 
need to improve the feasibility of RCTs,1 we need to embrace the 
inevitable change and explore sound, explicit methods of synthe-
sizing randomized and nonrandomized data, including the time 
after market introduction.
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