
Vol:.(1234567890)

Therapeutic Innovation & Regulatory Science (2020) 54:1112–1115
https://doi.org/10.1007/s43441-020-00131-5

1 3

EDUCATIONAL REVIEW

Modernizing Regulatory Evidence with Trials and Real‑World Studies

Nancy A. Dreyer, PhD, MPH, FISPE1  · Marni Hall, PhD, MPH2 · Jennifer B. Christian, PharmD, MPH, PhD, FISPE3

Received: 4 February 2020 / Accepted: 9 February 2020 / Published online: 18 February 2020 
© The Author(s) 2020

We are taught that randomized controlled trials (RCTs) are 
the gold standard for evaluating whether a treatment can 
achieve its intended benefit because they are designed to 
isolate treatment effects while essentially balancing all 
other factors, known and unknown. While an elegant tool, 
the results from RCTs are not always generalizable to less 
idealized settings and more diverse patients. Real-world evi-
dence (RWE), conducted alongside or as an extension of 
clinical trials, can play an important role in completing the 
picture of how well a therapy works, for which patients, and 
under what conditions. Such evidence has long been used for 
treatment and reimbursement decisions; the question at hand 
is whether, when and how RWE should contribute to regula-
tory decision-making and be considered credible enough to 
be counted as ‘substantial evidence of effectiveness.’ Among 
numerous efforts to evaluate RWE suitability for regulatory 
use, a recent Friends of Cancer Research (Friends) study 
provides valuable lessons for RCT and RWE zealots alike. 
Here, we review the complementary nature of RCTs and 
RWE, discuss the key learnings from the Friends project, 
and reinforce the call for continued examination of methods 
and data sources to guide reliable regulatory use of RWE for 
evaluating therapies.

RCTs and RWE—Fundamental Differences 
and Complementary Potential

RCTs provide scientifically tidy comparisons, but they fall 
short in their utility for generalizability to more diverse 
patients, and complex conditions and treatments. By design, 

patients in RCTs are highly selected and cared for, with 
active encouragement to adhere to assigned treatments, close 
monitoring for disease progression, and optimal testing. 
The endpoints used in RCTs may not be directly relevant to 
patients and clinicians, especially surrogate endpoints used 
as substitutes for clinical outcomes that take a long time 
to develop [1]. For example, 36 of 54 new oncology treat-
ments approved from 2008–2012 used surrogate endpoints 
for approval, but roughly four years after approval, only 14% 
showed improvement in overall survival (OS). Half (50%) 
of those newly approved drugs revealed no survival benefit, 
with no data available for the remainder [2].

In contrast, real-world data (RWD), an umbrella term for 
health data that are not collected in the context of highly 
controlled RCTs [3], captures information about benefits and 
risks for diverse patients and care settings under more typi-
cal conditions. RWE studies designed to supplement RCT 
results offer a scalable way to quantify benefits and risks that 
cannot be captured in the confines of most RCTs.

Friends of Cancer Research Study Offers Key 
Lessons in the Value of RWE

Friends commissioned a group of stakeholders in 2018 
to evaluate a series of real-world clinical endpoints for 
patients with advanced non-small cell lung cancer treated 
with immune checkpoint inhibitors, and to compare those 
results with RCTs. A common protocol intended to broadly 
match the RCT but with fewer inclusion and exclusion cri-
teria was used by six “research-ready” RWD sources repre-
senting a range of care models including community oncol-
ogy centers, health systems, academic medical centers, and 
integrated delivery system networks [4]. The tumor-based 
Response Evaluation Criteria in Solid Tumors (RECIST), 
a widely used measure in oncology RCTs for response to 
therapy, was not used due to a lack of sufficient detail in 
radiology reports and other data not regularly available in 
RWD [5]. Neither natural language processing nor artificial 
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intelligence tools were used to mine unstructured data for 
this pilot study.

The endpoints studied were generally consistent across 
RWD sources and were close to what was seen in RCTs 
that examined the same endpoints in patients with NSCLC. 
For OS, where RWD estimates were outside the 95% con-
fidence limits observed in a meta-analysis of RCTs, they 
were short by only two weeks (a lower limit of 8.6 months 
vs. 9 months), which may reflect the true range of survival 
seen in RW settings (Fig. 1). Interestingly, time to progres-
sion measured by changes in treatment were always slightly 
longer in RW setting (Fig. 2). This finding likely reflects 
the common RW practice of treating beyond progression, 
as well as differential methods for detecting progression 

and the variability that occurs in the absence of following a 
single common trial protocol for when treatment should be 
discontinued. Taken as a body of evidence, the RCTs dem-
onstrated that immune checkpoint inhibitors are efficacious 
in optimal settings, and RWE provided realistic estimates of 
effectiveness in routine care settings. The key lessons here 
are that (1) RWD can generate meaningful evidence that is 
relevant to understanding how medical products perform in 
non-research, routine care, and (2) results from RWD can be 
different from RCT but not necessarily wrong. While there 
may be variations in the way data are collected, recorded, 
and ultimately in the findings from RWD, they may be suffi-
cient and informative to support both clinical and regulatory 
decision-making. 

Figure 1.  Comparing Overall Survival in RWD and RCT for Patients 
with Advanced Non-small Cell Lung Cancer Treated with Immune 
Checkpoint Inhibitors. Data sources include IQVIA, COTA, Flatiron, 

Kaiser Permanente Cancer Research Network, Mayo Clinic/Optum 
Labs, and The University of Iowa PCORnet.

Figure  2.  Comparing Time to Progression (Treatment Discontinua-
tion) in RWD and RCT for Patients with Advanced Non-small Cell 
Lung Cancer Treated with Immune Checkpoint Inhibitors. Data 

sources include IQVIA, COTA, Flatiron, Kaiser Permanente Cancer 
Research Network, Mayo Clinic/Optum Labs, and The University of 
Iowa PCORnet.
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Additional Efforts to Expand Routine Use 
of RWD and RWE

Several other formative activities are underway to advance 
the use of RWD and RWE [6, 7], though there remains much 
debate as to what validation exercises should be required for 
each new data endpoint, dataset and data source. For exam-
ple, the FDA’s Digital Health Software Pre-Certification 
program, currently in a pilot phase, is aimed at creating a 
regulatory environment that is both efficient and effective in 
utilizing software as a medical device [8], a strong indication 
that systematic use of RWD generated from sensors, weara-
bles, and other personalized devices is inevitable. The FDA 
MyStudies software application, designed to facilitate the 
use of patient-reported data that can be linked to EMR and 
other data, further signals a world where patient-generated 
health data will be used for regulatory decision-making. [9] 
The European Commission through its Innovative Medi-
cine Initiative conducted a study of patient-generated data 
which showed that patients were largely accurate report-
ers of prescription medications and also provided valuable 
information about the use of non-prescription medications, 
recreational drugs, alcohol and tobacco, giving credence 
to the utility of well-designed direct-to-patient approaches 
[10]. More recently, the European Medicines Agency and 
the Heads of Medicines Agency have released two reports 
showing their deep interest in Big Data (aka real-world data) 
including ideas for necessary changes in infrastructure to 
facilitate best use [11, 12].

The Duke Margolis Center for Health Policy Methods 
Working Group contributed to this body of evidence by 
mapping the frequently used RWE methods to the charac-
teristics of an adequate and well-controlled study as outlined 
in the US Code of Federal Regulations [13]. Once credibility 
of the findings are established, they argue, as we do, that 
RWE can be complementary to other sources of information 
and should contribute to the totality of accruing evidence to 
support a regulatory decision. [14]

Discussion

We simply cannot learn everything we need to know to 
advance the use of new medical products through RCTs 
alone. In fact, we know little about risks and benefits when 
these products are first on the market due, in part, to the 
increased complexities of treatment regimens and the lack 
of transparency and generalizability of clinical trial results 
[15, 16]. Delivery of care is complex and a diversity of 
approaches to generating evidence should be embraced to 
maximize what can be learned and how it can inform health-
care and regulatory decisions [17]. Given the complexities 

of health systems, delivery of health care, and the high 
degree of variation in human responses to treatment, we 
should expect that results from RWE may differ from RCTs 
yet still be correct, as the Friends results illustrate.

Understanding in which circumstances RWD can be used 
for reliable inference requires careful consideration of many 
factors on a study-by-study basis [18]. While qualification of 
study designs, analytic methods and data sources has merit, 
we should not wait for an entirely codified approach before 
expanding application of RWD to guide decisions about 
effectiveness, especially since the majority of drug approv-
als are now accelerated in one way or another. As confidence 
grows through various demonstration projects like those dis-
cussed here, we can sensibly integrate these innovations into 
our well-established arsenal of clinical evidence generation 
approaches and use the totality of evidence to inform health 
care and regulatory decisions. As consensus develops around 
data quality metrics and documentation for data provenance 
becomes routine, the health care ecosystem will be better 
equipped to triage and make good use of the tsunami of 
health-informing data generated each day.

Acknowledgements 
We would like to thank Jeff Allen and Mark Stewart from Friends of 
Cancer Research for their seminal work and for their approval to use 
these figures.

Open Access 
This article is licensed under a Creative Commons Attribution 4.0 
International License, which permits use, sharing, adaptation, dis-
tribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat iveco mmons .org/licen ses/by/4.0/.

References

 1. https ://www.fda.gov/drugs /devel opmen t-resou rces/surro gate-
endpo int-resou rces-drug-and-biolo gic-devel opmen t

 2. Kim C, Prasad V. Cancer drugs approved on the basis of a sur-
rogate end point and subsequent overall survival: an analysis of 
5 years of US Food and Drug Administration approvals.JAMA 
Intern Med. 2015;175(12):1992–4. https ://doi.org/10.1001/jamai 
ntern med.2015.5868.

 3. https ://rwe-navig ator.eu/rwe-backg round -getre al-gloss ary-of-
terms -and-defin ition s/

 4. Stewart M, Norden AD, Dreyer N, Henk HJ, Abernethy AP, 
Chrischilles E, Kushi L, Mansfield AS, Khozin S, Sharon E, 

http://creativecommons.org/licenses/by/4.0/
https://www.fda.gov/drugs/development-resources/surrogate-endpoint-resources-drug-and-biologic-development
https://www.fda.gov/drugs/development-resources/surrogate-endpoint-resources-drug-and-biologic-development
https://doi.org/10.1001/jamainternmed.2015.5868
https://doi.org/10.1001/jamainternmed.2015.5868
https://rwe-navigator.eu/rwe-background-getreal-glossary-of-terms-and-definitions/
https://rwe-navigator.eu/rwe-background-getreal-glossary-of-terms-and-definitions/


1115Therapeutic Innovation & Regulatory Science (2020) 54:1112–1115 

1 3

Arunajadai S, Carnahan R, Christian JB, Miksad RA, Sakoda LC, 
Torres AZ, Valice E, Allen J. An exploratory analysis of real-
world endpoints for assessing outcomes among immunotherapy-
treated patients with advanced non-small cell lung cancer. JCO 
Clin Care Inform. 2019. https ://doi.org/10.1200/CCI.18.00155 .

 5. Griffith SD, Tucker M, Bowser B, Calkins G, Chang CJ, Guardino 
E, Khozin S, Kraut J, You P, Schrag D, Miksad RA. Generating 
real-world tumor burden endpoints from electronic health record 
data: comparison of RECIST, radiology-anchored, and clinician-
anchored approaches for abstracting real-world progression in 
non-small cell lung cancer. Adv Ther. 2019;36(8):2122–36. https 
://doi.org/10.1007/s1232 5-019-00970 -1.

 6. O’Brien E, Curtis L. Leveraging electronic health data in a mul-
tinational clinical trial: early learnings from the HARMONY-
outcomes EHR Ancillary Study. DCRI Ground Rounds. http://
www.rethi nking clini caltr ials.org/grand -round s7-14-17/. Accessed 
14 July 2017.

 7. https ://www.rctdu plica te.org
 8. FDA Digital Health Software Precertification (Pre-Cert) Program. 

https ://www.fda.gov/medic al-devic es/digit al-healt h/digit al-healt 
h-softw are-prece rtifi catio n-pre-cert-progr am. Accessed 18 July 
2019.

 9. https ://www.fda.gov/drugs /scien ce-resea rch-drugs /fdas-mystu 
dies-appli catio n-app. Accessed 13 August 2019.

 10. Dreyer NA, Blackburn SCF, Mt-Isa S, Richardson JL, Thomas S, 
Laursen M, Zetstra-van der Woude AP, Jamry-Dziurla A, Hliva V, 
Bourke A, de Jong-van den-Berg LTW. Direct-to-patient research: 
piloting a new approach to understanding drug safety during preg-
nancy. JMIR Public Health Surveill. 2015;1(2):e22. https ://doi.
org/10.2196/publi cheal th.4939.

 11. EMA/HMA Joint Task Force on Big Data. 13 February 2019. 
http://www.hma.eu/506.html. Accessed 27 January 2020.

 12. EMA/HMA Joint Big Data Task Forceon Big Data. Phase II 
report. https ://www.hma.eu/506.html. Accessed 20 January 2020

 13. Duke-Margolis Methods Working Group. Understanding the need 
for non-interventional studies using secondary data to generate 
real-world evidence for regulatory decision making, and dem-
onstrating their credibility. 25 November 2019. https ://healt hpoli 
cy.duke.edu/publi catio ns/under stand ing-need-non-inter venti onal-
studi es-using -secon dary-data-gener ate-real-world . Accessed 29 
January 2020.

 14. Duke-Margolis Methods Working Group. Adding real-world 
evidence to a totality of evidence approach for evaluating mar-
keted product effectiveness. 19 December 2019. https ://healt 
hpoli cy.duke.edu/sites /defau lt/files /u31/addin g_real-world _evide 
nce_to_a_total ity_of_evide nce_appro ach_for_evalu ating _marke 
ted_produ ct_effec tiven ess_0.pdf. Accessed 29 January 2020.

 15. Naci H, Davis C, Savovic J, Higgins JP, Sterne JAC, Gyawali B, 
Romo-Sandoval X, Handley N, Booth CM. Design characteristics, 
risk of bias, and reporting of randomized controlled trials support-
ing approvals of cancer drugs by European Medicines Agency, 
2014-16: cross sectional analysis. BMJ. 2019;366:15221. https ://
doi.org/10.1136/BMJ15 221.

 16. Zarin DA, Goodman SN, Kimmelman J. Harms from unin-
formative clinical trials. JAMA. 2019. https ://doi.org/10.1001/
jama.2019.9892.

 17. Moran M, Nickens D, Adcock K, Bennetts M, Desscan A, Charn-
ley N, Fife K. Sunitinib for metastatic renal cell carcinoma: a 
systematic review and meta-analysis of real-world and clinical 
trials data. Target Oncol. 2019;14:405. https ://doi.org/10.1007/
s1152 3-019-00653 -5.

 18. Dreyer NA. Advancing a framework for regulatory use of real-
world evidence: When real is reliable. Ther Interv Regul Aff. 
2018;52(3):362–8. https ://doi.org/10.1177/21684 79018 76359 1.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1200/CCI.18.00155
https://doi.org/10.1007/s12325-019-00970-1
https://doi.org/10.1007/s12325-019-00970-1
http://www.rethinkingclinicaltrials.org/grand-rounds7-14-17/
http://www.rethinkingclinicaltrials.org/grand-rounds7-14-17/
https://www.rctduplicate.org
https://www.fda.gov/medical-devices/digital-health/digital-health-software-precertification-pre-cert-program
https://www.fda.gov/medical-devices/digital-health/digital-health-software-precertification-pre-cert-program
https://www.fda.gov/drugs/science-research-drugs/fdas-mystudies-application-app
https://www.fda.gov/drugs/science-research-drugs/fdas-mystudies-application-app
https://doi.org/10.2196/publichealth.4939
https://doi.org/10.2196/publichealth.4939
http://www.hma.eu/506.html
https://www.hma.eu/506.html
https://healthpolicy.duke.edu/publications/understanding-need-non-interventional-studies-using-secondary-data-generate-real-world
https://healthpolicy.duke.edu/publications/understanding-need-non-interventional-studies-using-secondary-data-generate-real-world
https://healthpolicy.duke.edu/publications/understanding-need-non-interventional-studies-using-secondary-data-generate-real-world
https://healthpolicy.duke.edu/sites/default/files/u31/adding_real-world_evidence_to_a_totality_of_evidence_approach_for_evaluating_marketed_product_effectiveness_0.pdf
https://healthpolicy.duke.edu/sites/default/files/u31/adding_real-world_evidence_to_a_totality_of_evidence_approach_for_evaluating_marketed_product_effectiveness_0.pdf
https://healthpolicy.duke.edu/sites/default/files/u31/adding_real-world_evidence_to_a_totality_of_evidence_approach_for_evaluating_marketed_product_effectiveness_0.pdf
https://healthpolicy.duke.edu/sites/default/files/u31/adding_real-world_evidence_to_a_totality_of_evidence_approach_for_evaluating_marketed_product_effectiveness_0.pdf
https://doi.org/10.1136/BMJ15221
https://doi.org/10.1136/BMJ15221
https://doi.org/10.1001/jama.2019.9892
https://doi.org/10.1001/jama.2019.9892
https://doi.org/10.1007/s11523-019-00653-5
https://doi.org/10.1007/s11523-019-00653-5
https://doi.org/10.1177/2168479018763591

	Modernizing Regulatory Evidence with Trials and Real-World Studies
	RCTs and RWE—Fundamental Differences and Complementary Potential
	Friends of Cancer Research Study Offers Key Lessons in the Value of RWE
	Additional Efforts to Expand Routine Use of RWD and RWE
	Discussion
	Acknowledgements 
	References


