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Emerging Biopharma Deserve TLC from CROs

E
arly this month, I presented on the topic 

“Why Aren’t Lessons Learned from Big 

Pharma/Big CROs Translating to Smaller 

Biopharma Relationships?” For years, Applied 

Clinical Trials has been the operational re-

source for clinical trials for sponsors, CROs, 

and academia. The transition of the contract 

research industry from a small cottage to a 

fully-matured one has seen numerous out-

sourcing models from the low-touch, very fo-

cused and accountable transactional service, to the high-touch, highly 

involved and complex strategic partnership. Another example has fea-

tured CROs taking on internal departments from pharma companies to 

ensure employees still had jobs, as well as the knowledge transfer rela-

tive to that pharma’s specific development needs and culture.

It may seem that by this point, sponsors of all shapes and sizes 

would know how to respond to the challenges relative to working with 

an outsourcer, no matter what type of relationship is involved. But in 

discussions I have with smaller biopharma, that does not seem to be 

the case. Why should CROs be concerned about their service offerings 

for these emerging players? Because they are not an insignificant part 

of the drug development landscape. 

Consider the following: 

• Of all companies sponsoring one or more clinical development pro-

grams, 61% now fall outside the ranks of the top 50 largest pharma. 

• The percentage of FDA approvals obtained by big pharma in 2018 

was 26%, compared to 60% that went to firms that had never before 

received an approval.

The days of quickly selling a promising compound early on to a large 

pharma company or launching a full-fledged IPO are dwindling. An Ernst 

& Young report showed 75 biotech IPOs in 2014 compared to nine in the 

second half of 2016. These days, innovation hubs in major regions of the 

country are home to a vast number of companies looking to enter clini-

cal trials, take their compound at least through Phase II, and some are 

fully intending to stick it through Phase III and even make it to a com-

mercial stage company. 

This is all evidence that these emerging biopharma are CROs’ latest 

boom of customers. But, as the new crop of uninitiated companies, they 

are having similar angst with their CRO. They feel unimportant to large 

CROs, costs get away quickly, oversight is difficult, projects don’t come 

in on time or budget…the same list that we’ve seen with outsourcing 

relationships over the years. The problem is that emerging biopharma 

companies face constraints that the large, traditional pharma never 

have. A single clinical trial could be the only thing the company has; basi-

cally, its whole survival. They are more financially-constrained and may 

either make poor decisions or cut corners, not to mention taking advice 

from new executives or external stakeholders that deviate from the orig-

inal plan, which then results in out-of-scope charges or change orders.

The future of drug development does not lightly rest on an out-

sourced expert, it almost solely exists in their confines. It wouldn’t be a 

stretch to ask CROs to be more mindful of their smaller clients and take 

extra attention in handling their needs.

LISA HENDERSON

Editor-in-Chief
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WASHINGTON REPORT

FDA SEEKS TO BROADEN 
CLINICAL TRIAL 
ELIGIBILITY CRITERIA 

To reduce the time and cost involved with 

conducting clinical research on new bio-

pharmaceuticals, regulators and research-

ers are looking to broaden outmoded 

criteria for identifying and enrolling indi-

viduals in clinical trials. Sponsors tradi-

tionally have shied away from including 

young patients and those with infectious 

diseases or comorbidit ies that might 

raise safety issues or compromise effi-

cacy results. Their aim is for clinical trials 

to generate data that will support mar-

ket approval of new drugs, biologics, and 

medical products, and to avoid studies 

that involve children, small patient popula-

tions, or patients in poor health that may 

generate confusing or questionable data. 

At the same time, restrictions on clini-

cal trial participation may “slow patient 

accrual, limit patients’ access to clinical 

trials, and lead to trial results that do not 

fully represent treatment effects in patients 

that ultimately will use the drug,” explained 

outgoing FDA Commissioner Scott Got-

tlieb March 12 in unveiling a series of guid-

ance documents that provide strategies 

for achieving broader patient inclusion in 

oncology trials (see: http://bit.ly/2CvAP2j). 

New policies are needed because long-es-

tablished and widely-used eligibility criteria 

become set in stone over time, discourag-

ing new approaches despite changing tech-

nology and patient preferences. 

The new guidances specifically address 

clinical studies for new cancer treatments, 

where a broadening of eligibility criteria 

would enable more people to participate in 

oncology trials, a field where patient accrual 

is difficult, but where the serious nature of 

disease may lend itself to more flexibility in 

enrollment criteria. Including children, ado-

lescents, and individuals with infectious dis-

eases, malignancies, and metastases may 

yield results that are more generalizable and 

help improve our understanding of a thera-

py’s benefit-risk profile across populations 

likely to receive the drug in clinical practice, 

Gottlieb explained. 

One guidance finalizes an earlier proposal 

for including adolescents in adult oncology 

trials where the age of 18 is the traditional 

cutoff point. The rationale is that many can-

cers found in younger patients often be-

have similarly in adults, and that excluding 

adolescents from clinical studies may delay 

their access to potentially effective therapy. 

The guidance advises on criteria for enroll-

ing these patients in studies, recommenda-

tions for dosing and safety monitoring, and 

relevant ethical considerations to support 

treatment (see: http://bit.ly/2MxcRHg). A 

draft guidance similarly addresses how and 

where it is appropriate for sponsors to in-

clude pediatric patients in adult cancer trials 

to obtain more accurate information more 

quickly on appropriate dosing and treatment 

of children of different age levels (see: http://

bit.ly/2CwFFN0).

Patients with HIV or hepatitis infections 

should not be ruled out of participation in 

clinical trials, says FDA in another draft guid-

ance, especially when cancer treatment 

may be particularly important for individuals 

with such chronic conditions. Eligibility may 

be limited for AIDS patients with particularly 

low CD4 cell counts or more serious infec-

tions, and timing of treatment may be im-

portant in certain situations (see: http://bit.

ly/2Fsfwj9). 

Another guidance addresses criteria for 

cancer trials to include patients with or-

gan dysfunction (renal, cardiac, hepatic) or 

previous malignancies. The policy notes 

that excluding such individuals may skew 

recruitment to younger patients, which may 

not be fully representative of the population 

likely to receive treatment (see: http://bit.

ly/2TQadE4). 

FDA sees a need to study patients living 

with cancer who increasingly are diagnosed 

with brain metastases, in an effort to dis-

courage exclusion of such individuals from 

clinical research (see: http://bit.ly/2TQadE4).

The four new draft guidances were devel-

oped by FDA with input from the American 

Society of Clinical Oncology and Friends 

of Cancer Research. These policies aim to 

ensure that clinical trials are designed to 

reflect “the diversity of the population that 

receives drugs in the real world,” said Gott-

lieb, and to help design oncology trials to be 

“more representative of 

the patients that may 

ultimately benefit from 

novel treatments.”

— Jill Wechsler

SHARPLESS ASSUMES REINS 
AS AGENCY COMMISSIONER
Health and Human Services (HHS) secretary 

Alex Azar wasted little time in naming a new 

leader for FDA. Norman (Ned) Sharpless, di-

rector of the National Cancer Institute (NCI) 

at the National Institutes of Health (NIH), be-

come acting FDA commissioner this month 

as Scott Gottlieb departs the agency. 

The appointment won praise on all 

sides, as Sharpless is a respected cancer 

researcher and well-acquainted with FDA 

operations and challenges. Before becom-

ing head of NCI in October 2017, Sharpless 

ran the Lineberger Comprehensive Cancer 

Center at the University of North Carolina. 

As a physician-scientist at that institute, he 

worked with industry on drug development 

programs and co-founded early-stage bio-

tech companies involved with developing 

new cancer drugs and diagnostic blood tests. 

Gottlieb praised the choice, as did the 

cancer research community and biophar-

maceutical companies. Ellen Sigal, founder 

of Friends of Cancer Research, noted 

Sharpless’ expertise as an oncologist in 

treating leukemia, as well as research on the 

role the cell cycle plays in cancer and aging. 

She predicted that Sharpless will continue 

FDA policy “that best benefits patients.”

While Sharpless will work to advance 

many of the initiatives backed by Gottlieb, 

particularly the campaign to reduce teen 

use of e-cigarettes and excessive opioid use, 

as acting commissioner, new initiatives will 

be put on hold pending the nomination and 

confirmation of a permanent commissioner 

for the agency, which may take some time.  

— Jill Wechsler
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signal detection deployed for RBM

• 3URYLGH�LQVLJKWV�RQ�ZKHUH�PDFKLQH�OHDUQLQJ��DQG�DUWLƓFLDO

intelligence models have potential application in clinical

monitoring to address risks based on study design and patient

population
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EU REPORT

CHALLENGES  IN 
CONVEYING TRANSLATIONAL 
RESEARCH MESSAGE 
Europe’s outstanding achievements in ba-

sic life sciences research are not getting 

through to patients as useful treatments 

and diagnostics—and the urgency of filling 

those gaps is not getting through to Euro-

pean policymakers, says yet another new 

coalition jockeying to make its voice heard 

in the crowded space of strategic lobbying 

in Brussels.

A joint statement from Europe’s drug 

industry and Europe’s medical societies 

calls for a “bold vision” to ensure adequate 

funding and coordination for translational 

research. Issued on the eve of the Euro-

pean Union’s summit meeting in Brussels on 

March 21 (where the agenda was dominated 

yet again by Brexit woes), it makes a plea for 

recognition from a world where, it says, it is 

not understood.

Laboriously, the coalition explains the 

role and importance of translation research, 

and highlights the challenges it faces. “This 

type of research is costly and risky, involv-

ing many steps of collaboration among all 

stakeholders. Funding activities are scarce,” 

it says. And, it goes on, “instruments aiming 

to strengthen the various steps in the pro-

cess of the translational research ecosys-

tem are often fragmented and lack tangible 

follow through the full medicine’s lifecycle.”

In language so convoluted that it risks 

intensifying rather than clarifying confusion 

in the outside world it aims to impress, it 

urges EU policymakers “to work together 

with the research community, industry, and 

patient representatives to ensure that these 

directions are implemented in inter-sector 

collaborations to progress synergies within 

and across projects and initiatives.”

Something better in terms of communi-

cation might have been expected from the 

combined intellects of the drug industry’s 

European Federation of Pharmaceutical In-

dustries and Associations and the 400,000 

researchers and health professionals in the 

BioMed Alliance—the two partners in this 

coalition. So far, the top item in their plan, 

as revealed by their statement, consists of 

“increasing visibility on the role and needs 

of translational research to better inform 

policymakers, academia, patients, and the 

general public.”

With no irony, BioMed Alliance presents 

itself in its statement as conveying “the 

views of its members in a cohesive and 

comprehensible form to policymakers, pro-

fessionals, and the public at large.” 

As it happens, they may be in luck. One 

of the items on the agenda of EU leaders at 

the summit was developing an “integrated 

approach” to promote growth in the EU 

through “an assertive industrial policy al-

lowing the EU to remain an industrial pow-

erhouse.” The leaders are scheduled to re-

quest their officials “to present, by March 

2020, a long-term vision for the EU’s in-

dustrial future, with concrete measures to 

implement it.”

And in another stroke of potential good 

luck, a breakthrough on research strategy 

occurred just days before the summit, when 

agreement was reached among EU legisla-

tors on the outlines of their next long-term 

research program. This will put more than 

$100 billion behind European researchers 

over the next seven years, with a hefty 

slice of that earmarked for life sciences and 

health topics. And the entire program is 

geared to “societal challenges and indus-

trial competitiveness” and “market-creating 

innovation” will provide a one-stop shop 

to help bring promising and breakthrough 

technologies from lab to market applica-

tion, and assist in scale-up of ideas. Parallel 

streams are to be set up for early stages of 

research and for development and market 

deployment.

If the translational 

research community 

can’t talk their way into 

benefiting from some 

of that, they will have 

no one to blame but 

themselves.

 — Peter O’Donnell

JOINT HTA TALK DOESN’T STOP 

The European Union discussions on col-

laborative health technology assessment 

(HTA) have been so intense over the last 

year or so that it might be thought that Brus-

sels is where all the HTA action is. Until 

now, anyway, because since the collapse in 

December of Austria’s gallant bid to move 

the discussions forward on the bid for Eu-

ropean collaboration, Brussels has gone 

very quiet on the subject. Romania, which 

took over the EU presidency from Austria in 

January, has very low ambitions for advanc-

ing the talks among member states. And 

meanwhile, Soledad Cabezón, the Spanish 

socialist who piloted the complex legisla-

tion through the European Parliament, has 

announced that she is standing down as an 

MEP at the upcoming elections in May.

But there is plenty going on elsewhere. 

An international consortium tasked with 

finding a common definition of HTA has just 

published its suggestion, and is seeking 

comments on it until the end of April. This is 

a rather longer definition than the EU is pro-

posing in its legislation: “multidisciplinary,” 

“explicit and scientifically robust methods,” 

assessing value “at different points in the 

lifecycle,” “comparative,” “systematic,” 

“transparent,” “multiple stakeholders” are 

all in there. So too are “clinical effectiveness 

and safety, costs and economic implica-

tions, wider implications for the patient and 

caregivers, and any ethical, social, cultural, 

or legal issues, as well as organizational and 

environmental aspects.” The whole thing 

can be seen here: https://bit.ly/2FNxtse and 

comments can be sent to HTAdefinition@

ihe.ca by April 30.

 The first HTA pilots are in progress within 

the Nordic cooperation between the authori-

ties in Norway, Finland, and Sweden. This 

mechanism, initiated a year ago, claims that 

it will speed up evaluations and generate 

uniform reports while making applications 

smoother for companies. Roche has volun-

teered its Tecentriq product for one of these 

pilots. In Amsterdam, where the European 

Medicines Agency (EMA) has now officially 

opened up for business there, the European 

technical collaboration on HTA, EUnetHTA, 

held its annual conference earlier this month.

— Peter O’Donnell
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FDA MODERNIZES CONTROLLED 
CORRESPONDENCE 
INTERACTIONS WITH INDUSTRY

Portal provides a centralized location 

for inquiries—a welcomed upgrade 

from traditional email submission  

When generic drug manufacturers and re-

lated industry submit written inquiries to 

the FDA requesting information on a spe-

cific element of a generic drug develop-

ment or certain postapproval submission 

requirements, the inquiries are referred to 

as “controlled correspondence.” Controlled 

correspondence are labelled as standard or 

complex, and until October 2018, these in-

quiries could only be submitted by emailing 

the Office of Generic Drugs, as outlined in 

the Controlled Correspondence Related to 

Generic Drug Development draft guidance 

(see: http://bit.ly/2OmPvp7).

Submission of controlled correspon-

dence via the email method involved data 

entered manually by FDA staff. As part of 

FDA’s ongoing effort to modernize inter-

actions with industry, FDA launched the 

Center for Drug Evaluation and Research 

(CDER) Direct NextGen Collaboration Portal 

(see: http://bit.ly/2WnoeGd). Effective Octo-

ber 2018, CDER completed enhancements 

to the portal so that controlled correspon-

dence can now be received, managed, and 

tracked online. The portal allows for more 

efficient processing of the controlled cor-

respondence and provides “one-stop-shop” 

access to a prospective applicant’s con-

trolled correspondence request history.

Handling controlled correspondence 

through the portal allows greater consis-

tency, faster triage, simplif ied acknowl-

edgement, and easier tracking. Fully 

integrated with CDER’s internal work man-

agement systems, the portal’s expandable 

cloud capability will also accommodate fu-

ture growth. After reviewing a request for 

information via controlled correspondence, 

FDA sends the requestor a response that 

can be accessed through the portal. This 

central location for submissions and re-

lated communications offers a chrono-

logical view of all communications and 

documents.

The Portal also streamlines FDA’s review 

of controlled correspondence by providing 

real-time status updates and notifications 

about controlled correspondence submis-

sions to FDA personnel. Streamlining the 

review process for the thousands of con-

trolled correspondence inquiries received 

each year saves time and aids FDA and 

industry in developing generic drugs that 

meet FDA’s Generic Drug User Fee Amend-

ments obligations. 

FDA personnel note more accurate in-

formation from industry because submit-

ted data is more consistent. This improved 

accuracy is due to step-by-step guidance 

and a built-in validation against CDER mas-

ter data, which provides stronger data in-

tegrity. Figure 1 above illustrates these 

benefits.

Industry has welcomed the addition of 

controlled correspondence to CDER’s Di-

rect NextGen Collaboration Portal. In the 

first two months after its release, 272 com-

pany representatives signed up for the 

new functionality and FDA received 689 

controlled correspondence. The agency is 

receiving about a dozen controlled corre-

spondence daily through the portal. Those 

in industry who have used the portal’s con-

trolled correspondence functionality de-

scribe it as more convenient and a better 

format for submissions compared to the 

process of sending requests via email.

 Overall, FDA received more than 2,500 

controlled correspondence inquiries in 

2018, with 100% of them email until Octo-

ber and then 99% via the portal since Oc-

tober.  With its addition, life sciences indus-

try submissions are more consistent and 

simpler to acknowledge and triage, and 

controlled correspondence are easier to 

track. In just a few steps, industry initiates 

and submits controlled correspondence to 

a convenient online location. In short, the 

portal provides a win-win solution for FDA 

and industry and opens up opportunities to 

further improve the regulatory communica-

tion process.

— Saundra Middleton, FDA’s Office of 

Generic Drugs, Office of Regulatory Opera-

tions; Daniil Graborov, Office of Business 

Informatics, Division of Regulatory Review 

and Drug Safety Services and Solutions

Additional contributors to this article 

include Shannon Hill, Christina Marshall, 

Marissa McNall, and Kelly Miller.

New Functionality

Figure 1. Steps to improved accuracy with built-in validation.
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Protecting Sponsors Against 
Bias and VariabilityA Q&A

Mark Opler, PhD, MPH  
Chief Research Officer  

WCG, MedAvante-ProPhase

Placebo response is growing and 

contributes to the risk of trial failure.

C
linical trials succeed or fail based on the ability of the primary endpoint to differentiate 

study drug from control conditions. In the case of placebo-controlled studies, the 

levels of random error, sources of noise, variability introduced by patient or investigator 

factors, and placebo response rates can have a profound influence on the outcome. Design 

and execution teams can take several steps to reduce these risks, improve signal-to-noise 

ratios, and mitigate the impact of placebo response. Applied Clinical Trials recently spoke with 

Mark Opler, PhD, MPH, chief research officer of WCG, MedAvante-ProPhase, to learn how 

these approaches need to be incorporated into standard practice to reverse prevailing trends 

going forward for certain therapeutic areas and conditions.

Applied Clinical Trials: What’s the dif-
ference between positive, negative, and 
failed trials?
Opler: A positive trial is what we all strive for 

in clinical research: the experimental treat-

ment (e.g., the drug, the device) is clearly and 

unequivocally better than the control (e.g., 

placebo). A negative trial is the regrettable, 

but sometimes inevitable, consequence of 

research in which the experimental treat-

ment is not better than the control.  And, a 

failed trial—where the outcome cannot be 

interpreted—is probably the worst possible 

outcome because we’ve spent a lot of money 

and time, we’ve exposed patients to an 

experimental treatment, and we’ve come no 

closer to the answer than when we started.

Applied Clinical Trials: Is placebo 
response really a problem for clinical 
research?

Opler: Yes, definitely. The placebo response 

is probably the leading cause of failed 

trials. Placebo response and high placebo 

response occur when patients in a placebo-

controlled study respond well to what is 

essentially no active treatment. The sugar 

pill produces the same or better outcome 

than the experimental treatment. It’s a very 

serious problem in clinical research. Those 

of us who have been studying it for many 

years have realized that this problem is 

actually growing. The placebo response 

was once negative or absent in certain thera-

peutic areas. Now, we’re seeing it routinely 

sometimes outstripping effect sizes from the 

treatments we’re studying.

Applied Clinical Trials: Why does placebo 
response occur?
Opler: The most probable cause of placebo 

response is therapeutic expectation (i.e., the 

S P E C I A L  S P O N S O R E D  S E C T I O N
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expectation of improvement). We, as an industry, have not 

adequately addressed it in our clinical research work. The 

average patient that comes into a study needs to be very 

carefully educated about their role and about the use of 

placebos. We want patients to get better and they may come 

in expecting to get better when they enter a clinical trial, par-

ticularly if they don’t fully appreciate the difference between 

clinical research and medical care.

Applied Clinical Trials: What should sponsors and study 
teams know about measurement reliability?
Opler: Another contributor to failed trials is the lack of reli-

ability of measures. For instance, if a thermometer is used 

incorrectly, we get the wrong 

result. Measurement reliability 

is about ensuring that, from visit 

to visit, from patient to patient, 

and from site to site, we have 

reliability in our approach to 

evaluating the primary outcome. 

Whether that primary outcome 

is driven by a thermometer, a 

clinical interview, or a specific 

examination procedure, we can 

reduce the risk of failed trials 

and increase the likelihood of 

trial success by paying appro-

priate attention to reliability.

Applied Clinical Trials: What role do you think tech-
nology plays in all of this?
Opler: Like anything else that we do in clinical research, 

technology is omnipresent. In our efforts to combat placebo 

response and improve measurement reliability, technology can 

play a very important role. Whether you are using electronic 

forms for clinical outcome assessments or technology to 

evaluate the level of noise in data over time, consider every 

technological aspect of the program being conducted and 

ask, “Is this contributing to study success? Is it improving the 

reliability of measurement? And is it getting me closer to my 

ultimate goal, a positive trial?”

Applied Clinical Trials: What are your top three recom-
mendations to sponsors?
Opler: For sponsors in the process of planning studies, I 

would urge them to do three things. First, think about study 

design. There are aspects of study design that can contribute 

to lower placebo response and higher success, whether that’s 

the number of arms in the trial 

or the selection of outcomes 

and endpoints All of these can 

contribute in subtle, and not so 

subtle ways, to a positive study.

Second, make sure that for 

almost every therapeutic area, 

sponsors and study teams have 

a strategy to mitigate the risk of 

high placebo response. This 

is clearly recognized in some 

therapeutic areas, but we have 

yet to build a meaningful aware-

ness in others.

Third, the sponsor should be 

aware of what is being done to 

ensure measurement reliability, to ensure that methods and 

procedures are in place to make sure the most vital data—the 

primary endpoint—in the study is being protected from noise 

and from error. Those are the top three recommendations 

to anyone, almost regardless of disease therapeutic area or 

stage of development.

“The most  p robab le  cause  of 

placebo response is therapeutic 

expectation (i.e., the expectation of 

improvement). We, as an industry, 

have not adequately addressed it 

in our clinical research work.”

S P E C I A L  S P O N S O R E D  S E C T I O N
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REGENERATIVE MEDICINE 
COMPANIES SUCCESSFULLY 
ADVANCE STEM CELL THERAPIES
Stem cell therapy development is a new 

area where several companies are emerg-

ing with promising results utilizing stem 

cell therapies. Some companies have failed, 

whereas others, such as Athersys, are suc-

ceeding. Ahead, Gil Van Bokkelen, PhD, 

CEO of Athersys, discusses his perspective 

on the recent advancements in stem cell 

therapies and their multiple application on 

a variety of therapeutic areas. In addition 

to joining the Athersys family, Van Bokkelen 

serves as the Chairman of the Board of 

Governors for the National Center for Re-

generative Medicine. He also served as the 

Chairman of the Alliance for Regenerative 

Medicine from 2010 through 2012, and he 

served ex officio from 2013 to 2014. 

Van Bokkelen has also served on several 

other boards, including the Biotechnology 

Industry Organization’s board of directors. 

He has extensive leadership experience and 

a strong scientific and financial knowledge 

of the biotechnology industry.

Moe Alsumidaie: What led you to 
work in the field of stem cell research 
and regenerative medicine?

Gil Van Bokkelen: Athersys didn’t start 

with a focus on the field of cell therapy 

and regenerative medicine. Regenerative 

medicine wasn’t even a field yet. We had 

developed some powerful genomics tech-

nologies that led to multiple partnerships 

with major pharma companies. These tech-

nologies attracted the attention of a group 

that had done some pioneering work in 

the stem cell field—they had discovered 

a novel cell type that had some exciting 

properties.

This connection led to a collaboration to 

explore the unique characteristics of these 

cells, which can promote healing in multi-

ple ways, exhibit robust growth properties, 

and can also be administered like Type O 

blood, without requiring tissue matching or 

immune suppression. These characteristics 

mean that the technology could be scaled 

robustly. 

However, we didn’t know yet whether 

or where the technology might be relevant 

therapeutically. So, we collaborated with 

independent labs and research teams to 

help us figure out potential therapeutic ar-

eas of relevance for our technology. Since 

then, we’ve discovered that MultiStem has 

profound significance in areas of critical 

care medicine such as stroke and, as we 

just recently announced, acute respiratory 

distress syndrome (ARDS), and other areas 

we have been working in with leading inde-

pendent research teams.

MA: What results came out of the 
Phase II MultiStem study for stroke?

GVB: The key finding that we observed 

was that if we treated stroke patients with 

Intravenous (IV) administration of Multi-

Stem within 36 hours or less, there was 

evidence of robust recovery and that pa-

tients continued to improve over time. One 

of the main things we clinically evaluated 

was something called Excellent Outcome, 

which is essentially the proportion of pa-

tients that achieved full recovery. In Excel-

lent Outcome, patients have to demon-

strate an excellent or normal score in each 

of three different clinical assessments: 

the NIH Stroke Scale (NIHSS), the Modified 

Rankin Scale, and the Barthel Index for 

Activities of Daily Living (ADL), which indi-

cates if the patient can function without 

assistance. In practical terms, this means 

the patients recovered to the level of inde-

pendence and quality of life they enjoyed 

before the stroke.

We also saw significant evidence of im-

provement among other clinical parameters, 

which eventually led to a series of critical 

regulatory designations from the FDA, in-

cluding both fast track and regenerative 

medicine advanced therapy (RMAT), as well 

as similar designations from international 

regulators. 

Another observation from the trial was 

the importance of developing and validat-

ing a simple, easy-to-prepare version of the 

product—something that we refer to as a 

genuine “off the shelf” product. Essentially, 

MultiStem consists of cells that are kept in 

frozen form in a vial until needed, and then 

the product is thawed and administered to 

the patient using a simple and straightfor-

ward process.

MA: Before we dive into the 
science, how does your technology 
differ from competitors that are 
targeting stroke with stem cells?

GVB: Our fundamental approach relies on 

treating patients within the first 36 hours 

after a stroke has occurred, which we 

have shown is a critical window following 

a stroke. MultiStem is administered intra-

venously, using a very simple and straight-

forward approach. We don’t need to alter 

the cells that comprise MultiStem geneti-

cally, and we have developed proprietary 

methods and technologies to manufacturing 

the product in a scalable manner. The key 

features are that the cells stimulate tissue 

repair and healing through multiple, distinct 

mechanisms of action, have robust scal-

ability, and are easy to prepare and deliver 

using a simple intravenous administration. 

Like a traditional biologic, the cells are then 

cleared from the body over time. 

SanBio, our competitor, has been focused 

on using cell therapy for the treatment of 

patients with chronic stroke damage, using 

genetically modified bone marrow-derived 

cells that are then surgically implanted into 

the brain, six months to seven years after 

a stroke has occurred. They are injecting 

these modified cells right into the brain hop-

ing that they can help stimulate recovery. 

While they saw some promising signs of re-

covery in a Phase II study on traumatic brain 

injury patients, they followed that up with 

Gil Van Bokkelen
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some disappointing results in patients that 

had suffered chronic stroke damage.

However, it’s important to recognize that 

there are several fundamental differences in 

these two approaches, from a technological 

perspective and a timing perspective. First, 

we are using a different cell type that has 

different therapeutic properties. Second, 

we administer our product intravenously, 

without the need for surgery. Third, and 

perhaps most importantly, we’re interven-

ing within 36 hours after the stroke has oc-

curred, whereas SanBio was focused on 

trying to help correct damage that had hap-

pened months to years beforehand, which 

is a lot more challenging. 

Our data shows that if we administer Mul-

tiStem within the relevant time frame, mean-

ing within that 36-hour window, we can 

blunt or neutralize the hyperinflammatory 

cascade that causes a lot of the long-term 

damage, and promote better recovery. Es-

sentially, MultiStem is stopping the counter-

productive hyper-inflammatory cascade 

before it starts, while also stimulating funda-

mental reparative mechanisms. Our clinical 

data shows that this can improve things 

pretty dramatically. While the long-standing 

stroke dogma is that there is no additional 

improvement after 90 days, we saw that 

the patients who received MultiStem within 

the 36-hour window continued to improve 

through the one year clinical follow-up, and 

many of them experienced a full recovery.

MA: Are there any side effects 
to the hypo-inflammatory profile 
that would impact the recovery?

GVB: We’ve seen very consistent tolerability 

and safety profile in the clinical studies that 

we have run. We conducted many stud-

ies preclinically before we ever got to the 

clinical stage, and many of those were per-

formed with the guidance and input of the 

FDA, and so we were confident that it was a 

well-characterized and safe product. 

MA: Mechanistically, how 
does MultiStem work?

GVB: In contrast to a traditional drug that is 

designed to do one specific thing, MultiStem 

is essentially a living drug that does multiple 

things to help recovery and healing. For ex-

ample, a few years ago we discovered that 

shortly after a stroke has occurred, your 

brain starts telling the immune system that 

it needs help by sending signals directly to 

the spleen. The immune cells in the spleen 

then become activated and inflammatory, 

leave the spleen and enter the circulatory 

system, and then head to the brain where 

they create a hostile, inflammatory environ-

ment, which kills off a lot of additional brain 

tissue that could be saved. All of this hap-

pens within the first couple of days following 

the stroke. Also, these activated immune 

cells lay down a boundary of scar tissue that 

contains a specific substance called gly-

cosaminoglycans or GAGs for short, which 

is essentially the biological equivalent of a 

brick wall. When neurons encounter inflam-

mation and GAGs they physically pull back 

from that area in a process referred to as 

“neuronal die-back.” The GAGs act like a 

boundary that prevents the neurons from 

ever reentering the region—impeding or 

preventing patient recovery and healing.

Usually, when immune cells leave the 

spleen and travel toward the region of dam-

age to exert their hyper-inflammatory cas-

cade, you end up with a lot of collateral 

damage and an empty spleen. What we pre-

dicted, and saw in our Phase II clinical trial, 

was that if we stopped the hyper-inflam-

matory cascade from happening, it’s like 

keeping all the horses in the barn, so that 

they are ready to defend the body against 

opportunistic infections or other problems. 

Moreover, importantly, patients that have 

a stroke, particularly if they are elderly, are 

very susceptible to secondary infection and 

other immune-related complications. We 

predicted that we should see less complica-

tions when we treated patients with Multi-

Stem, and that’s precisely what we saw.

So, there are lots of reasons to be excited 

about the Phase II data and our ongoing 

Phase III and registrational trials. Our partner 

in Japan is running a pivotal study, which 

gives us a lot of confidence and optimism 

that we might very well be on the cusp of 

changing stroke care as we know it.

MA: You just recently announced 
results from another challenging 
area, treating patients with acute 
respiratory distress syndrome 
(ARDS). What did that study show?

GVB: ARDS is a severe condition where pa-

tients experience severe inflammation and 

fluid build-up in their lungs. These patients 

aren’t getting enough oxygen, and so they 

have to be placed on a ventilator and are 

cared for in the ICU. The clinical trial results 

from our randomized, double-blind placebo-

controlled study showed that when patients 

with ARDS were treated with MultiStem, 

there was a meaningful reduction in mor-

tality, and patients also showed increased 

days off the ventilator and a higher number 

of ICU-free days than patients being treated 

under the standard of care. The data also 

suggests that the treatment effect was more 

significant in the more severely ill patients.  

People in the ARDS field have found 

these results to be very exciting. Our part-

ner in Japan, Healios, is already launching 

an ARDS clinical trial there under the new 

accelerated regulatory framework for regen-

erative medicine therapies, so we are in a 

really good position to advance science.

— Moe Alsumidaie, MBA, MSF, is a thought 

leader and expert in the application of busi-

ness analytics toward clinical trials, and 

Editorial Advisory Board member for and 

regular contributor to Applied Clinical Trials

Our fundamental approach relies on treating 

patients within the first 36 hours after a 

stroke has occurred, which we have shown 

is a critical window following a stroke. 
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Optimizing Study Design in 
Real-World Evidence Generation

Rob Sambrook

R
eal-world evidence (RWE) is needed in addition to 

clinical trial data to understand drug effectiveness in 

a real-life setting and to profile patient populations 

in terms of their clinical characteristics and drug utilization. 

Studies designed to quantify the incidence and prevalence 

of health conditions and/or population attributes such as 

risk factors are, in the scheme of clinical research, rela-

tively straightforward studies to conduct. Clearly, they are 

not in the same league as randomized controlled trials 

(RCTs) in terms of their cost, operational complexity, time-

lines, or degree of risk. Consequently, many pharmaceuti-

cal sponsors assume that they can pursue these studies 

without input from an epidemiologist. 

This assumption can be risky, as epidemiologists 

understand how to minimize bias and ensure external 

validity—necessary elements of even these “simple” 

studies.

Let’s look at a few of the most basic pharmacoepide-

miological study designs and the associated risks of bias.

Cross-sectional studies: The mainstay 

of incidence/prevalence studies

Cross-sectional surveys (CSS) select participants based 

on the inclusion/exclusion criteria defined in the study 

protocol to profile a cohort of individuals at a single 

point in time. That is to say, there is no baseline estab-

lished, no outcome measured, and no follow-up data 

collected. Rather, certain populations characteristics are 

identified that merely describe the cohort under study at 

a snapshot in time. 

CSS designs inherently lack an ability to examine the 

temporality of events, e.g., cause and effect.

Cross-sectional surveys are among the simplest and 

least expensive studies to conduct, and indeed, are very 

low on the hierarchy of evidence (See Figure 1 on facing 

page).

Medical chart reviews: Adding 

a longitudinal perspective

Medical chart reviews (MCRs), in which data are drawn 

from patient’s medical charts (either manually in the case 

of physical charts or through a database of electronic 

medical records[EMRs]) can either be used to generate 

cross-sectional or longitudinal data. When these studies 

are conducted longitudinally, they may explore causality, 

providing insights beyond incidence and prevalence. At 

the same time, it must be acknowledged that medical 

charts are rarely complete for sponsors’ research pur-

poses, given that they were, of course, created for a differ-

ent purpose.¹

Hybrid studies: An innovative blend 

of CSS and MCR designs

Hybrid CSS-MCR studies are a way of overcoming the 

limitations of one study design by adding another, com-

plementary, study. Hybrid CSS-MCR studies can over-

come the limitation of CSS studies with respect to being 

able to look at causality and outcomes since the patient 

history recorded in the medical chart can be used as 

the control, prior to exposure to a variable. And hybrid 

studies can fill in gaps in the medical record by gathering 

additional details from patients, including on outcomes 

and adverse events.

Hybrid CSS-MCR studies are conducted in the same 

way as individual CSS and MCR studies, but taken to-

gether, they allow for a much more comprehensive re-

search investigation.

The caveats

Simple though they may be, CSS, MCR, and hybrid stud-

ies can produce robust findings that are generalizable 

to the population in the real world that will be using the 

treatment—in other words, they can have external valid-

With outcomes from “real life” a critical compliment to clinical trial data, the 
importance of involving an epidemiologist at study inception is explored.
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ity. However, great care must be taken in the study 

design, and specifically the sampling strategy, to 

ensure generalizability.

Below are some of the pitfalls that need to be 

guarded against:

• Non-response bias 

Cross-sectional surveys are frequent offenders

of non-response bias, given the fact that patients 

who participate in research are different from those 

who do not. Admittedly, it is very difficult to elimi-

nate all bias in CSS studies, but the goal must be to 

minimize it.

• Selection bias 

Selection bias can occur when the sampling is

not well considered, such as in studies that deploy 

a convenience sampling strategy, rather than a 

probability sampling strategy (or make use of a rep-

resentative data source). The difference between 

the two is marked. Probability sampling is achieved 

when every study participant has an equal chance 

of being selected for inclusion in the study. This 

ensures that the study population is representa-

tive of the target population since the selection occurs in a random 

fashion. Understanding representativeness is especially relevant for 

incidence and prevalence studies and requires an evaluation of how 

similar the sample population is to that of the population of interest 

by comparing certain characteristics (often demographic).²

Conversely, a non-probability sampling strategy does not enable 

the study population to have an equal probability of selection into 

the study, otherwise called non-random selection. CSS studies fre-

quently rely on panels, clinician referrals, patient groups, traditional 

advertising, proprietary databases, and social media to generate 

evidence and in so doing are using non-probability sampling. Even 

if participants are selected from these sources at random, the ques-

tion always comes back to whether or not the source was repre-

sentative of the population of interest. Including a random selection 

process as part of a flawed sampling strategy will not ensure the 

generalizability of the study estimates.

• Sample size 

In order to test a study hypothesis, the study has to have sufficient

“power.” In other words, the sample size has to be large enough to 

ensure that the study estimates are reliable. Conducting a study that 

is purely descriptive without considering the study size may result in 

findings that cannot exclude the role that chance may have played. 

Having a sufficient study size is important to providing confidence 

that the findings are not owing to sampling bias.

• Confounding 

At study inception, potential confounders need to be identified so

that data pertaining to these covariates can be collected at baseline, 

allowing the statistical modelling approach to control for them. If 

confounding is not assessed and addressed during the design and 

analyses stage, any resulting evidence of an association between 

two variables may be diluted or inflated due to the confounding. The 

range of the data collected in medical chart and EMR databases may 

sometimes make it challenging to control for all confounders. 

The Value of an epidemiologist

As specialists in study design, epidemiologists know how to mini-

mize (or avoid) the issues of selection bias, sampling bias, and 

underpowered studies. They will propose a study design and meth-

odology for identifying, recruiting, and selecting participants and 

deliver robust generalizable data that provide insights into the target 

population.

In working on a CSS, MCR, or hybrid study, an epidemiologist will:

• Consider the sampling strategy up front

as part of the study design.

• Explore real-world data sources and consider

those that are fit for the research question.

• Identify a data source that enables the gener-

alizability of the sample population.

• Determine the most appropriate sampling strategy.

Systematic
Reviews

Randomized
Controlled Trials

Cohort Studies

Case-control Studies

Cross-sectional Studies

Case Series Reports

Epidemiologists know how to 

minimize (or avoid) the issues of 

selection bias, sampling bias, 

and underpowered studies. 

Hierarchy of Evidence

Source: Sambrook

Figure 1. How cross-sectional surveys stack up on the hierarchy of evidence.
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• Work with biostatisticians to calcu-

late the appropriate sample size.

• Ensure that any study limitations are mini-

mized and clearly explained. 

Unfortunately, if a study design was poorly conceived and al-

lowed for bias, the flaw may not become apparent until after the 

data are collected and the analysis is underway. At that point, 

there’s very little that can be done to salvage it. Sampling bias, for 

example, may be discovered when the prevalence measured by the 

study is significantly higher or lower than what is expected (based 

on findings from other studies). To prevent undermining the study 

integrity in this way, it is advisable to involve an epidemiologist at 

the study inception or at the very least to have the study protocol 

critiqued by an epidemiologist. With their very specialized focus on 

study design, epidemiologists can ensure the research design is fit 

for the research objectives and ensure robust and reliable down-

stream study findings.

Rob Sambrook is Divisional Principal, ICON; 

email: Robert.sambrook@iconplc.com
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SAMPLING PATIENTS AT THE PHYSICIAN LEVEL

Sampling patients based on study inclusion/exclusion criteria 

at the general practitioner level assumes that all patients would 

have an equal chance of visiting their primary care physician and 

therein an equal chance in participating in a research study. This 

is faulty reasoning, since:

• Certain patients may be more likely to frequent their 

GP (frequent visitors tend to be older, female, have 

more psychological distress, or physical disease).1

• Those with chronic conditions and multi-

morbidity use more medical resources.2 

• Patients may visit their GP in a non-random 

fashion for prescription refills.3

Implementing a recruitment ceiling for sites can only ensure 

the representativeness of sites themselves, not of the patients 

visiting those sites. 

1Vested P, Christensen MB. Frequent attenders in general 

practice care: a literature review with special reference to meth-

odological considerations. Public Health. 2005;119(2):118-37.

2Van den Bussche H, Kaduszkiewicz H, Schäffer, I et al. Over-

utilization of ambulatory medical care in the elderly German 

population? – An empirical study based on national insurance 

claims data and a review of foreign studies. BMC Health Services 

Research. 2016;16:129

3Jepson M, Salisbury C, Ridd MJ, et al. The “On in a Million” 

study: creating a database of UK primary care consultations. The 

British Journal of General Practice. 2017;67(658):e345-e51.
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The Framework for FDA’s 
Real-World Evidence Program

Beth Schurman

A
t the end of 2018, the FDA released a draf t 

framework for a new Real-World Evidence (RWE) 

Program (see https://bit.ly/2E5ZM68). The agency 

proposes to use the RWE Program to guide generation 

of data in support of approval for new indications or 

to help support post-approval study requirements. It is 

proposed to be used by both the FDA’s drug and bio-

logic review programs. This article highlights the scope 

of this program, its opportunities and gaps, and the im-

plications for the pharmaceutical industry.

Definitions

To understand the scope of this framework, it is im-

portant to understand the definition of real-world data 

(RWD) and real-world evidence (RWE) as defined by the 

FDA in the current draft framework:

Real-world data (RWD) refers to patient data that is 

collected through a variety of sources such as electronic 

health records (EHRs), medical claims and billing data, 

data from product and disease registries, and patient-

generated data (includes in-home-use settings and mo-

bile devices).

Real-world evidence (RWE) is clinical evidence 

obtained from the analysis of RWD that provides infor-

mation about usage, risks, and benefits of a medical 

product derived from sources other than traditional ran-

domized clinical trials.

Scope of the RWE Program framework

The FDA’s RWE Program will assess inclusion of RWD to 

support approval of new indications and to help to sup-

port or satisfy post-approval study requirements. The 

following may be included:

• Addition or modification of an indication—change 

in dose, dose regimen, route of administration

• Addition of a new population

• Addition of comparative effectiveness or safety data

• Any other post-approval requirements

RWD can be used to supplement traditional clinical 

trial data and improve the efficiency of these trials. Trials 

within the RWE Program scope can be one of two types:

Hybrid: Traditional clinical trial supplemented with 

RWD from EHR, medical claims, or pharmacy databases.

Pragmatic: Contains some elements which closely 

resemble routine clinical practice.

The hybrid trial approach may include the use of 

RWD as a control arm in a traditional clinical trial. Ob-

servational studies are anticipated within the pragmatic 

approach. The FDA intends to use an existing guidance,  

Best Practices for Conducting and Reporting Pharmaco-

epidemiologic Safety Studies Using Electronic Healthcare 

Data, to evaluate epidemiologic studies as applicable for 

hypothesis generating pragmatic studies.

Current challenges of the proposed 

framework for the pharma industry

The new draft framework leaves some significant gaps 

with regard to a defined approach that pharmaceutical 

manufacturers should take in their RWE trial design for 

regulatory approval. The guidelines do not yet com-

pletely define the RWE trial design approaches that are 

approvable, nor the regulatory submission process. The 

FDA was actively soliciting feedback up until Feb. 5 that 

will be used in its final RWE guidance.

The agency has stated it will review on a case-by-case 

basis and will use three criteria for evaluation. 

1. If the RWD selected is fit for use to generate 

data for product effectiveness decisions.

2. If the study design used to generate RWE can provide 

A look at the scope of the agency’s draft framework for evaluating the use 
of RWE to support new drug approvals and the implications for sponsors.

For personal, non-commercial use

http://www.appliedclinicaltrialsonline.com
https://bit.ly/2E5ZM68


16    APPLIED CLINICAL TRIALS   appliedclinicaltrialsonline.com April 2019

REGULATORY

robust scientific evidence to help address the regulatory question.

3. If the execution of the studies generating RWE 

meets FDA regulatory requirements.

The last criterium forms a catch-22 as the current FDA regulatory 

requirements regarding RWE do not specifically outline use in regula-

tory approval. Several FDA regulations and guidance documents are 

available for the use of electronic data, eHealth records in clinical 

investigations, electronic informed consents, and Q&As that could 

potentially be used for the FDA RWE Program. These include guid-

ances such as Use of Electronic Source Data in Clinical Investiga-

tions and Use of Electronic Health Records in Clinical Investigations, 

among others. Per the draft guidance: “FDA has gained considerable 

experience assessing electronic health care data (e.g., EHRs, medical 

claims data, registries) through experience with the Sentinel System 

and other data systems.” The FDA will be using this experience to 

guide its perspective on data submissions within the RWE Program.

Pharmaceutical manufacturers must seek guidance from the FDA 

for each trial design proposed to ensure regulatory processes are 

met. With this draft framework publication, a number of areas are 

yet to be defined, according to the FDA. The agency has stated the 

intention to update and design guidance on how to include RWD to 

design both randomized and non-randomized hybrid clinical trials 

as well as observational studies. To achieve this, the FDA directly 

outlines in the draft guidance the factors that would need to be con-

sidered, such as:

• Types of interventions or therapeutic areas for 

which routine clinical data could be used.

• The reliability and quality of data collected 

from the routine clinical care settings.

• If outcomes are rare, the number of patients need to be tested.

• How to account for variations in routine clinical practice

• The extent to which randomization can and should be included.

With the eight-week solicitation period for suggestions and feed-

back ended in early February, a mature form of the framework is 

expected in the future. The FDA states that the RWE Program “…will 

involve the establishment of demonstration projects, engagement 

with stakeholders intended to promote shared learning and consis-

tency in applying the framework, and the development of guidance 

documents to assist sponsors interested in using RWE to support 

their work.” The RWE framework will also include data standards for 

collection, analysis, and submission of RWD. The need for RWE data 

may spur the need to develop a common data model (CDM) in order 

to work with RWD across different sources. The CDM would unify 

terminology, vocabularies, and coding schemes. It will be incumbent 

on pharmaceutical manufacturers and clinicians to remain actively 

involved in the development of the final FDA RWE guidance.

The FDA intends to review gaps in both the RWE framework and 

in RWE data systems, as well as the interoperability, and provide 

strategies to address them. The following summarizes gaps currently 

identified by the FDA that may need to be addressed while framing 

guidance for the RWE Program.

1. Lack of enough data showing concordance between the re-

sults of traditional clinical trials vs. observational studies.

2. Lack of reporting requirements for various observational studies.

3. Lack of data-recording standards and interoperability 

across various healthcare data-collection systems.

4. Challenges in integrating data for the same pa-

tient across various data sources.

5. Challenges in collecting data from electronic patient reported out-

comes (ePROs), wearables, biosensors, and mobile app.

Interestingly, the RWE framework also opens the door for possible 

inclusion of data derived from outside the US. The continued evalua-

tion and publication of data and systems gaps with strategic recom-

mendations by the FDA will have to address how to support these 

issues and how to address HIPAA privacy rules within RWE.

Further implications for the industry

Pharma will have to consider the most efficient way to approach 

RWE generation for regulatory submission, given the case-by-case 

approach from the FDA. Additionally, companies will need to ad-

dress the agency’s stated concern that real-world results would be 

cherry picked for positive and beneficial data. Some of the ques-

tions that the pharma industry should consider with regard to RWE 

evaluation include:

1. Does the pharma company’s current organizational structure 

(decision ownership and stakeholder involvement) align to ef-

ficient execution of RWE generation for regulatory approval?

2. Have sufficient resources been allocated within the organiza-

tion to handle RWE generation for regulatory approvals?

3. What is the decision-making process to evaluate 

trade-offs between RWE vs. traditional trials to re-

ceive follow-on indication approvals for products?

4. How cost effective would it be to choose the 

RWE program vs. traditional clinical trials?

5. Will the FDA’s acceptance of RWE open the door 

for more partnerships between pharma and aca-

demic centers and how this will be handled?

6. Is the company able to effectively choose between dif-

ferent types of RWD and patient reported outcomes?

7. What discussions should be held with the FDA and when should 

they be held for RWE trial design and submissions—especially 

given the current case-by-case approach to review and approval?

Pharmaceutical manufacturers 

must seek guidance from 

the FDA for each trial design 

proposed to ensure regulatory 

processes are met.
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Conclusion

The RWE Program opens opportunities for more resource efficient 

approaches to follow-on indications. Increased definition by the FDA 

is needed to guide resource investment and trial design approaches 

to ensure efficient investment. Pharmaceutical manufacturers will 

likely need to evolve their internal structure and systems, including 

decision models related to RWE trial design and regulatory interac-

tion to accommodate this new route of approval. We look forward to 

reviewing and understanding the updated guidance expected from 

the FDA in the future.

Beth Schurman is Partner at Herspiegel Consulting
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Global Standardization of 
Clinical Research Data 
Barbara Jauregui, Lynn D. Hudson, Lauren B. Becnel, Eileen Navarro Almario, 

Ronald Fitzmartin, Frank Pétavy, Nathalie Seigneuret, James K. Malone, Fang 

Liz Zhou, Jose Galvez, Tammy Jackson, Nicole Harmon, Rebecca D. Kush

C
linical research is only as effective as its ability to 

have an impact on health. This impact comes when 

researchers find breakthroughs, discover new diag-

nostics or treatments, and identify critical pathways that 

lead to curing diseases. To maximize their utility, clinical 

research data should be traceable, accessible, interoper-

able, reproducible, and of good quality, allowing study 

findings to be imparted and shared in a clear and under-

standable way.¹ Unfortunately, today, clinical research 

data are often collected in a variety of formats, leading to 

difficulties to effectively share and compare the data un-

der the terms allowed by study participants’ consent. This 

disconnect creates an evidence gap that slows scientific 

advances, which can result in ineffective and even harmful 

treatments and diagnostics that continue to be employed 

in clinical practice.²

A significant issue that arises when working with re-

search data is the inability to validate and reproduce find-

ings to demonstrate that the experimental result is in fact 

true. A survey of over 1,500 researchers conducted by Na-

ture in 2016 found that more than 70% of researchers have 

tried and failed to reproduce another scientist’s experi-

ments, and more than half have failed to reproduce their 

own experiments.³ This effect is commonly caused by 

divergence from the protocol and the inability to retrace 

steps in the process.4 The landmark article by John Ioanni-

dis in 2005, titled “Why Most Published Research Findings 

Are False” states: “The greater the flexibility in designs, 

definitions, outcomes, and analytical modes in a scientific 

field, the less likely the research findings are to be true.”5

While irreproducibility of research results in the field of 

genetics is encouraging greater transparency in methods 

and materials, along with the analytic codes that underlie 

the conclusions, this does not appear to be the case 

for clinical trials. There are also efforts to leverage big 

data, which may provide information on trends, signals, 

or hypotheses to be tested further, but generally do not 

provide results of sufficient adequacy to support regula-

tory submissions. 

Regulated clinical resesearch has become increas-

ingly global, particularly for areas such as rare diseases 

for which there is a small population of patients spread 

throughout the world. Efforts to streamline regulatory sub-

missions for new product approvals have encouraged the 

development, largely through the International Council for 

Harmonization of Technical Requirements for Pharmaceu-

ticals for Human Use (ICH),6 to standardize and harmonize 

the structure of these submissions as eCommon technical 

documents (eCTD). Such standards are useful not only for 

sponsors who wish to submit in multiple regions simulta-

neously, but also for regulators to facilitate reviews. ICH 

has also provided guidelines for global research on proto-

cols, terminologies, and statistical analyses. 

Hidden data

Currently, an estimated 85% of research studies do not 

translate to a meaningful clinical discovery.7 The causes 

for this low level of translation of promising research into 

meaningful insights and interventions for human health 

are multiple. One of many examples is the discovery of the 

relationship between infant sleeping position and sudden 

infant death syndrome (SIDS). Had it been possible to ag-

gregate and systemically analyze all the evidence available 

by the year 1970, over 60,000 infant deaths worldwide 

could have been prevented.8 Differences in protocols 

among studies, small sample sizes, numbers of patients, 

Outlining the latest government, industry, and public 
health efforts to promote increased adoption of common 
standards in data collection and sharing.  
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and families involved per study, and differences in comparisons be-

tween SIDS and unaffected infants were among the factors that may 

have contributed to the delayed recognition of infant positioning on 

their back while sleeping as a protective factor against SIDS. This is one 

of many cases where critical health findings were present, but hidden 

in the data.

Regulatory validation of clinical trial findings involves stringent 

requirements to ensure that regulators can adequately evaluate the 

safety and efficacy of the medicinal product. Within the flexibilities af-

forded by the U.S. Federal Food, Drug, and Cosmetic Act, at least two 

adequate and well-controlled studies, each convincing on its own, are 

generally needed to establish effectiveness; similar recommendation 

was given by the European Medicines Agency (EMA).9,10,11 Review of trial 

data includes the “validation” needed to establish that the results have 

clinical meaning and that the findings are not due to chance alone. 

Furthermore, the need to provide adequate directions for the use of a 

drug in relevant subgroups requires an assessment of aggregated data 

from multiple trials. This regulatory review is facilitated by the use of 

standards for protocol information, outcome definitions, data terminol-

ogy, and formats. 

Adoption of common standards in research becomes pertinent to 

the regulatory process as data from early discovery is translated into 

clinical benefit (e.g., biomarker discovery, mechanistic studies, etc). 

The terminology standards used in regulatory submissions and health-

care can be similarly adopted in clinical research trials to facilitate this 

seamless integration of data.12,13

How to ensure meaningful exchange of information

Interoperability is “the ability of different information technology sys-

tems and software applications to communicate, exchange data, and 

use the information that has been exchanged.”14 “Semantic interoper-

ability” refers not only to the exchange of information, but also the 

exchange of meaning such that the recipient of the information can 

readily understand and interpret the information accurately in the man-

ner intended by the data generator and/or sender.

Recently, FAIR has been cited as an acronym for four requirements 

that should be provided for a data publishing environment for ma-

chines and humans, to support appropriate aspects of data sharing.15 

These FAIR facets are:

• Data should be Findable

• Data should be Accessible

• Data should be Interoperable

• Data should be Reusable

One key to ensuring semantic interoperability and adherence to 

the FAIR principles or facets is for parties to use the same data stan-

dards and terminologies or ontologies. Clearly, the more parties who 

agree on the data standards and terminologies, the better. This is the 

rationale behind consensus-building for a robust standards develop-

ment process.

To maximize the real-world impact of any research study, the data 

must be collected and analyzed in a common format. Standardization 

helps build efficient and interoperable research data networks ca-

pable of producing high-quality and more reliable data that can support 

healthcare decisions, detect safety and other signals, and be utilized 

to generate new hypotheses and new knowledge. It also streamlines 

research activities by allowing data to be accrued more efficiently, and 

makes it possible to consolidate digital data available from different 

sources to support further research and healthcare decisions.16

Data standards allow research teams to explicitly name and define 

the different elements and aspects of their studies. By using stan-

dard terms, researchers can precisely describe, manage, and share 

their data, allowing external research teams to understand what the 

researchers did, how they did it, how to interpret the results, and accu-

rately reproduce these results in future studies. It also lets researchers 

perform queries across diverse datasets, which allows for data from 

different research studies to be consolidated into larger datasets for 

analysis. In addition to supporting collaboration among researchers, 

standardization ultimately leads to more organized evidence, which 

can be better understood by audiences possessing limited scientific 

literacy. This organization can increase the ability of researchers and 

lay people to comprehend and share important findings.

There are several clinical research standards in use globally today, 

which cover the different stages of clinical research. These include 

those from the Clinical Data Interchange Standards Consortium (CDISC) 

for clinical and translational research;17 controlled terminology pub-

lished through the National Cancer Institute’s (NCI) Enterprise Vocabu-

lary Services; MedDRA (Medical Dictionary for Regulatory Activities) 

for medical history in clinical trials and for adverse events reporting,18 

Health Level Seven (HL7) for structured product labels and ECG wave-

forms, the International Standards Organization (ISO) for the identifica-

tion of medicinal products (IDMP); LOINC (Logical Observation Identi-

fiers Names and Codes) for clinical laboratory tests and observations;19 

and the ICH, as previously mentioned. There are also standards that 

exemplify collaboration among standards development organizations 

(SDOs) and other entities. For example, the Biomedical Research Inte-

grated Domain Group (BRIDG) Model is a CDISC, HL7, and ISO standard, 

with NCI and FDA as key stakeholders.20

Over the past two decades, CDISC, a global non-profit organization 

that develops data standards through a volunteer-driven, consensus-

based process, has developed a global, open-access suite of clinical 

Standardization ultimately leads 

to more organized evidence, 

which can be better understood 

by audiences possessing limited 

scientific literacy—and increase 

the ability of researchers and 

lay people to comprehend and 

share important findings.
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and translational research data standards. These standards support 

the entire research lifecycle (including preclinical research) from struc-

tured protocol information through data collection, exchange, tabula-

tion, analysis, and reporting.21 Standards specific to certain therapeutic 

areas have been developed collaboratively through the Coalition for 

Accelerating Standards and Therapies (CFAST), which has included the 

Critical Path Institute, CDISC, FDA, NCI, and TransCelerate BioPharma, 

along with medical experts and patient groups working in these thera-

peutic areas (TAs). Regulators from Europe and Japan have also con-

tributed to the development of these TA standards. 

TA user guides specify how to use these standards to structure the 

data for research on a given disease or treatment, broadening the cir-

cle of collaboration with patient representative groups, research inves-

tigators, and public-private partnerships. FDA has published specifica-

tions for these TAs in their Study Data Technical Conformance Guide.22 

Working with data in a common format with controlled terminology 

makes it easier, faster, and more efficient for pharmaceutical compa-

nies, CROs, academic organizations, regulators, and other government 

entities to collaborate on projects.23 These standards are utilized for 

both regulated and some non-regulated trials, including interventional 

and observational studies, nutrition, public health, epidemiology, medi-

cal device, and outcomes research. They have even been applied to 

data from studies on healthy birth, growth, and development.

Data from traditional pharmaceutical, academic, public health, and 

the healthcare enterprises vary in their level of standardization. This 

interdependent research continuum highlights the need for standards 

that translate across the evidence divide.7 Implementing standards 

from protocol through analysis stages can enhance the quality and 

efficiency of clinical research processes and facilitate traceability, par-

ticularly when the standards are implemented from the start. Many 

research teams have made impactful discoveries with the application 

of data standards in later stages of the research process, but not 

without significant data transformation effort at the end of the process. 

For instance, a research team recently conducted a meta-analysis of 

chemotherapy in head and neck cancer (MACH-NC) by contacting and 

requesting individual patient data from several published studies. Ana-

lyzing the combined data, which included patient and tumor character-

istics, dates of failure and death, treatment details, and toxicities, the 

researchers demonstrated the superiority of concurrent chemotherapy 

in the treatment of certain cancers, validating the results of the pub-

lished studies.24 Their work could have been simplified and enhanced 

substantially had the different datasets been standardized from the 

beginning of each individual study.

Standardization allows a significantly faster and less costly avenue 

for generating evidence and performing robust analyses, by provid-

ing the data and processes employed in a common, predictable, and 

explicit format. A recent research project exploited open-access clini-

cal trial data standardized using CDISC to answer important questions 

in prostate cancer to save time and reduce costs of the initiative.25 

Data standards also provide great potential for semi-automation of 

the evidence generation process26 and for saving substantial human 

resources and time in the start-up of a clinical trial.21 If data collection 

standards are employed from the beginning, study start-up times can 

be reduced by 70% to 90%, since standard case report forms, edit 

checks, and validation documentation already exist and many can 

be reused from trial to trial. Study teams can then focus on protocol-

specific additions to the standards, which results in cost savings, faster 

delivery of results, and higher quality data.27

Data standards also facilitate community engagement, data sharing, 

and transparency. An open-data, crowdsourced project from Project 

Data Sphere identified predictors for survival in castration-resistant 

metastatic prostate cancer through prognostic models that used 

CDISC-standardized data from the comparator arms of four Phase III 

clinical trials and enabled 50 independent teams.25 These teams devel-

oped a comprehensive set of benchmarked models that uncovered key 

prognostic variables and novel interactions between them. All method 

predictions and code from this initiative are available for public use, 

increasing transparency and facilitating collaboration. Project Data 

Sphere participants noted that the data provided in a known standard 

format were easier to interpret and more useful than those that were 

submitted in proprietary formats.

Responses to epidemics and global public health emergencies, such 

as outbreaks like Ebola and the Zika virus, realize significant benefit 

from standards by ensuring that decisions are based on the best avail-

able evidence. The earlier treatments can be evaluated, the faster 

outbreaks can be contained. In 2015, the World Health Organization 

(WHO) conducted a consultation on research data sharing during public 

health emergencies. A background briefing for this exercise mentioned 

multiple opportunities for improvement with regard to data sharing, 

including the “need to build databases where all data are entered in a 

uniform way, which can be populated when outbreaks occur and are 

available worldwide.”28 This solution requires that data standards be 

available prior to outbreaks. WHO convened a diverse group of stake-

holders to discuss the development of global norms and standards for 

more rapid and transparent data sharing during public health emergen-

cies.29 Common research data standards have now been collabora-

tively developed for Ebola,30 malaria,31 and influenza,32 all of which can 

be leveraged for responding to new outbreaks.33,34

Improving drug regulation

Data standards in regulatory submissions supporting new product ap-

plications have enabled efficient review through automated validation 

of data quality. A suite of tools and services for clinical and nonclinical 

standardized data support high level analysis early in the review pro-

cess.35,36 Transparency of the regulatory review processes is enhanced 

through engagement in the process of standards development and the 

availability of publicly-shared standard analyses scripts.37,38 The incor-

poration of patient-reported outcome (PRO) measures along with the 

TA standards could draw an even broader set of stakeholders into the 

process. These standards are freely available and could be adopted to 

enable the same transformation in all supported clinical research. 

Downstream standard development efforts built on standardized 

data include harmonized research protocol templates and outcomes 

adapted for TAs. These efforts bring us closer to the possibility of even 

greater efficiency with master protocols for use in clinical trial net-

works. FDA and ICH developed a common protocol template concur-
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rently with another such development effort by TransCelerate. These 

templates have now been harmonized and published as one.39 They 

are now being “technology-enabled” based upon protocol standards 

developed previously and incorporated into the BRIDG Model. This 

common protocol template has already proven to be quite useful in 

a) ensuring that endpoints to be collected are aligned with protocol

objectives; and b) information from the protocol can be re-used across 

multiple downstream documents such as the statistical analysis plan, 

the clinical study report, and the product label. These efforts have now 

led to a new protocol project with ICH.

Exchange of “computable biomedical knowledge” (CBK) is also 

being studied in academia for providing results of research back to 

practice as in the final portion of a learning health cycle.40 The Learning 

Health Community41 has an initiative called Essential Standards to En-

able Learning (ESTEL),42 which has published a white paper regarding a 

framework for LHS standards. These LHS-related efforts do not encour-

age the development of new standards, rather leveraging those that al-

ready exist and building upon them. The NIH has also recently invested 

funds in a Center for Data to Health (CD2H) to encourage adoption of 

standards across NIH Clinical and Translational Science Awards (CTSAs) 

as one goal.43 Another area ripe for standards adoption is electronic 

health records (EHRs), which will be better leveraged for research pur-

poses when data can readily be shared in a standard format. FDA has 

issued recent guidance in this regard.44

For research studies intended for regulatory review, concerted 

efforts have been made to create global guidelines and standards 

for developing new therapies. The ICH developed guidelines for good 

clinical practices and formats for new product submissions to regula-

tors for review in Europe, the U.S., and Japan. One key data standard 

output of ICH was MedDRA, which consisted of a rich and highly spe-

cific standardized medical terminology, created to facilitate sharing of 

regulatory information internationally for medical products used by 

humans. Global data standards for regulated clinical research were 

collaboratively developed to complement the ICH work, for example, 

the clinical trial registry (CTR) standard,45 which can be used to register 

clinical trials in the NIH/NLM ct.gov, the WHO International Clinical Trial 

Registry Platform (ICTRP),46 and the EMA’s EudraCT.47 The European In-

novative Medicines Initiative (IMI) also encouraged the use of standards 

for the research studies they fund by offering a “standards starter pack” 

as a reference.36

Improving policymaking through research standards

Governmental authorities, international public health sponsors and 

advocates, biomedical research consortia, professional medical soci-

eties, and advisory committees charged with recommending ways to 

improve the efficacy and safety of medicines and other health tech-

nologies have promoted data sharing as a way to improve research. 

At the time of the this writing, the NIH is drafting guidelines to foster 

the development of scientific evidence with explicit, transparent, and 

consistently reported methods allowing: 1) decisions to be traced to 

the underlying evidence; 2) additional analyses of the dataset that may 

be required for decision-making; 3) new knowledge and insights to be 

gained through the analysis of pooled data; and 4) routine updating of 

systematic reviews across studies as new evidence becomes avail-

able.48 The U.S.’s 21st Century Cures Act49 encourages FDA to develop 

ways to leverage real-world data (e.g. from EHRs and mobile devices) to 

augment clinical trial data and specifically referenced CDISC as a stan-

dards setting body. The Patient-Centered Outcomes Research Institute 

(PCORI)50 has funded, through its Trust Fund, a cross-agency project led 

by FDA to facilitate the use of real-world data through the harmoniza-

tion of common data models (CDM) that have been adopted by various 

research networks, including PCORNet, ODHSI/OMOP, and Sentinel. 

The “Cures” legislation did not, however, mandate use of standards for 

federally-funded academic clinical trials.

More generally, funding agencies also have established data-sharing 

policies, though few require the use of data standards over the course 

of conducting the funded research. While trials that meet criteria for 

submission to electronic clinical trial registries will need some degree 

of protocol description or adverse event standardization, aggregation 

and secondary use of full datasets is inhibited due to the absence of 

a requirement that funded researchers utilize standards. As long as 

federal-funding agencies do not have similar mandates or guidelines 

for standards as do regulatory agencies, sharing of data between or 

among agencies is hindered. 

Some funding agencies have taken another approach—to standard-

ize data from researchers to common structures and semantics. The 

U.S. National Institute of Allergy and Infectious Disease (NIAID) has 

created a data warehouse that utilizes CDISC’s data-collection and 

aggregation standards to model and standardize their funded clinical 

trial data from diverse sources;51,52 also, NIAID is funding the develop-

ment of a TA standard and implementing CDISC standards for global 

research studies. Similarly, NIAID’s ImmPort database,53 which ag-

gregates information from diverse translational or clinical immunology 

studies, uses CDISC to structure data extracts to support secondary 

use.54 These platforms maximize the NIAID investment in research by 

providing sources of data that share common meaning. Their data can 

be readily utilized for meta-analyses with similar regulated trials, as the 

FDA requires use of CDISC standards for submissions, but adoption 

and use of a common standard within academic federal funding agen-

cies’ systems is not yet common globally. Thus, policymakers have the 

opportunity to multiply the value of federally-funded and regulated tri-

als by not only making provision for data sharing, but also by requiring 

global clinical research standards.

Responses to epidemics and 

global public health emergencies, 

such as outbreaks like Ebola and 

the Zika virus, realize significant 

benefit from standards by ensuring 

that decisions are based on 

the best available evidence.
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Contribute to research data standardization efforts

Getting from where we currently operate to a place where standard-

ized research data around the world can truly talk to each other is a 

great challenge and an immense opportunity. We have a collective 

responsibility to contribute to this effort; global stakeholders have dif-

ferent roles to play. Researchers and sponsors alike should become 

aware that the initial training and time required to implement data 

standards is more than worth the effort, since standards simplify 

the regulatory submission process, while enabling the data to be 

repurposed within and outside their research teams. Furthermore, 

regulatory agencies could continue increasing the amount of informa-

tion—publicly or via controlled access—from regulatory submissions, 

following the example of EMA, to allow examination from different 

parties and enable the wider scientific community to conduct research 

and answer more questions using the increasingly available data. 

Coupled with the use of standardized data, it should eventually lead to 

higher quality submissions and regulatory reviews.55 

National and international health policymakers have the responsibil-

ity to demand a broader evidence base to support their decisions and 

recommendations, as well as a more rigorous approach for evidence 

synthesis presented to them or developed by their teams. As FDA and 

Japan’s Pharmaceuticals and Medical Devices Agency (PMDA) have 

done, national entities, such as the 27 different institutes and centers 

that comprise the NIH in the US, should avoid unnecessary duplication 

of efforts and coordinate around existing robust standards that are 

maintained by global standards development organizations. There are 

several examples of global standards used within NIH. The National 

Human Genome Research Institute (NHGRI) relies heavily on the use of 

international standards to annotate genetic and phenomic data. With-

out the use of standards such as the Gene Ontology (GO) and the Hu-

man Phenotype Ontology (HPO), scientists would not be able to directly 

compare scientific results. Furthermore, as new discoveries are made, 

these same scientists contribute back to the ontologies to maintain the 

standards. Another example of NIH involvement with standards bodies 

is the Genetic and Rare Diseases Information Center (GARD), which re-

lies heavily on SNOMED, ICD, and Orphanet to find and share resources. 

National policymakers should form a team of technical experts to 

evaluate the best avenues for implementing data standards, adopting 

and encouraging the use of existing international standards when-

ever possible, to pave the way for global data exchange. International 

policymakers, in turn, should promote the adoption of global data 

standards as means of accelerating and enhancing collaborations 

among international partners for greater global impact of research. 

International policymakers are also responsible for providing technical 

support to countries in the progressive implementation of research 

data standards, so countries can make more informed national deci-

sions and contribute to the global pool of standardized data. Entities 

that are part of the healthcare system should continue efforts to bridge 

the gap between clinical practice and research while implementing 

data standardization as well. 

Imagine a world in which research data can be shared and aggre-

gated seamlessly such that the power of that data can be maximized 

to accelerate collaborative learning and streamline the path to new 

therapies. We have an ethical imperative to adopt and leverage robust 

global data standards that will improve the way research is conducted 

to benefit all patients.
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A recent Impact Report from Tufts Center for the 

Study of Drug Development (CSDD) surveyed 

sponsors and CROs about data management 

and found a decrease in the prevalence of EDC 

as a primary point of data capture for clinical tri-

als. The decrease isn’t stark—yet—but there is a 

downward trend. Data management is starting to 

show strain by trying to combine traditional meth-

ods and approaches with more recent advances 

in tools, data diversity, volume, and velocity.

The same report showed that now there is an 

average of six apps used to support each study, 

and that newer sources of data—EMR and EHR 

systems, biosensors and wearables, to name 

a few—are predicted to rise two- or three-fold 

in the next three years. These types of devices 

send massive amounts of data that are too vast 

and complex to be distilled into a simple row-by-

column spreadsheet. Incredibly complicated data 

requires a multidimensional data structure—that 

cannot be reviewed manually—and needs to be 

addressed differently than standard EDC.

All signs point to a shift in how data manage-

ment is changing and adapting to new challenges 

and new tools. Companies are looking for special-

ized data scientists, instead of just data manage-

ment. These positions have a heavier techni-

cal bent and are prepared to take over more 

complicated tasks. However, finding trained data 

scientists prepared to tackle these complex, mul-

tidimensional data structures, is not always easy. 

Hence, there’s been increased attention on a 

newer industry term, the “citizen data scientist.” 

Our industry hasn’t agreed on an official defini-

tion, but in short, the citizen data scientist is the 

person with no official data scientist training who 

uses the latest tools and technologies to handle 

data wrangling duties, analyze data, and create 

reports and models.

The below percentages reflect a break down of 

what data scientists spend the most time doing:

• Building training sets (3%)

• Cleaning and organizing data (60%)

• Collecting data sets (19%)

• Mining data for patterns (9%)

• Refining algorithms (4%)

• Other (5%)

The tools and technology available today 

make it possible for non-data scientists, also 

known as citizen data scientists, to do some of 

the same work as data scientists. With the right 

tools and technology, a non-data scientist can 

manage cleaning and organizing data, leaving the 

trained data scientists to the more complicated 

work of building training sets, mining data for 

patterns, and refining algorithms. Some of these 

data visualization tool examples include SAS Vi-

sual Analytics, D3.js, Tableau, or even potentially 

home-grown systems, if you have in-house re-

sources (like RhoVer). Additionally, data science/

analytics online courses, such as DataCamp and 

Coursera, can be a good resource for potential 

citizen data scientists.

As data management experts, we must resist 

the urge to wait and see which new tool and 

technology will clear the next path for our staff. 

We need what is referred to as “adaptagility”—

fluid, differentiated, unorthodox thinking that will 

help build a new model for data while replacing 

the old.

T
he world of data management today is practically synonymous with electronic 

data capture (EDC). Data management staff spend most of their time not 

directly programming systems but maintaining the system itself—completing 

forms or reconciling queries. As data is changing—and it is, with massive increases 

in available data sources—we must consider what traditional data management 

activities look like on studies designed using only external data sources. As trials 

move to more agile means of data capture, including electronic medical record 

(EMR) and electronic health record (EHR) systems, biosensors, wearables, bring 

your own device trials, and more, EDC expertise risks becoming outdated. 

Non-Data Scientists: The Evolving Role 
of Clinical Data Management

The “citizen data 

scientist” is the person 

with no official data 

scientist training who 

uses the latest tools 

and technologies to 

handle data wrangling 

duties, analyze data, 

and create reports 

and models.

Derek Lawrence

Operational Service Lead, Clinical 

Data Management, Rho, Inc.
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http://www.appliedclinicaltrialsonline.com


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.40000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.42667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.49000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[PDF/X-1a:2001]'] Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice




