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This past fall, a large number of foundational papers

(>30) that described cardiomyocyte plasticity and laid the

groundwork for clinical trials using both putative bone mar-

row derived and resident cardiac stem cells as a regenera-

tive therapy were retracted. In parallel, a major research

institution was fined $10 million to settle claims related to

this work.1 Concurrently, an NHLBI sponsored clinical trial

(CONCERT_HF) that was designed to evaluate the effect

of two different types of stem cells (mesenchymal and c-kit

+ cells, alone and in combination) in patients with ischemic

heart failure was paused and will likely not restart.2 More

recently, a second prestigious research institution was fined

more than $100 million and a decade’s worth of work in the

pulmonary hypertension/fibrosis realm was called into

question. This is perhaps an unprecedented moment of

scientific caution or even rebuke, what Jon Epstein has

eloquently referred to as “a time to press reset”.3 As a heart

failure research community, it is incumbent upon us to

reflect on the cardiac regeneration story: how we got here

and also on what precautions ought to be in place to prevent

another similar episode in the future.

A bit of history: the concept that the heart had significant

regenerative capacity was first proposed almost 20 years ago

and conceptually was very exciting at the time and truly para-

digm shifting.4 However, the finding was controversial and

several studies were published within short order questioning

the premise,5�7 and the research community became some-

what polarized between those who embraced the concept and

those who were skeptical. Much like in today’s political land-

scape, data were viewed subjectively and as a result, some of

the supportive publications were not as critically reviewed as

perhaps they should have been. Because of the perceived con-

ceptual novelty and therapeutic potential and viewed in the

context of a paucity of alternative therapies, there was a great
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deal of enthusiasm (and significant financial resources were

mobilized) to move quickly into clinical trials. The objective

data from these initial clinical studies (with relatively small

numbers of subjects) were unimpressive, results that were felt

to reflect a variety of confounders, including the cell types

chosen for injection and the disease context. Meta-analyses of

multiple clinical trials (using heterogeneous therapeutic strat-

egies) showed at best a very modest effect on ejection frac-

tion, which correlated with the number of cells injected and

the timing of the injections (perhaps a confounder and not a

direct biologic consequence) and no effect on clinically rele-

vant but hard to achieve endpoints such as death and hospital

readmission.8 Despite this, enthusiasm for a regenerative

strategy driven by cell injections of different immature cell

populations continued and is still ongoing, with each negative

or marginally positive result eliciting not a fundamental reas-

sessment of the approach but rather a modification of the

strategy. More recently, powerful scientific studies using con-

temporary techniques that are very difficult to refute have

laid to rest the concept that cardiocyte proliferation is an

intrinsic reparative mechanism in the heart and this has now

been followed by the retractions cited above.9,10

Given this history, it is incumbent on us to ask several

questions. First, why were the initial data sufficiently com-

pelling that they essentially withstood a barrage of contra-

dictory work? Second, why was the community so eager to

move into clinical trials before a solid body of preclinical

work could be assembled? Third, why was the clinical

research community not more skeptical of what was essen-

tially a large body of negative results? And of course the

answers lead to a larger question namely what steps should

be taken, or what restraints need to be in place, to prevent

this history from repeating itself?

Viewed from the standpoint of a journal editor, the

answer to the first question probably resides in our strong

desire to publish high-impact work. Studies that are positive

and paradigm-shifting certainly fall into this category. Pub-

lication bias is a real thing but this does not imply that it is

wrong to encourage work that seeks to “push the envelope”.

Indeed the historical march of science has been defined by

risk taking, or what Thomas Kuhn characterized as para-

digm shifts. Balanced against this, is the need for rigor.

The recent investigation of reproducibility in both social
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science and in translational biology has, with some excep-

tions, concluded that imperfect statistical analytics often

underlie studies that don’t reproduce, such that a contempo-

raneous rigorous analysis might well have identified flaws.

Examples of this include underpowered study designs, selec-

tion models, and excess (or selective) significance determi-

nations.11�13 Beyond this, there are a number of factors that

can be imposed by journals and journal editors to enhance

rigor, such as study registration and prespecified analytical

plans (in the case of clinical trials), and open materials and

access to primary data for reanalysis.14 Whether any of these

tactics would have identified the errors in the now withdrawn

body of work is hard to say; however, as a strategy going for-

ward it is reasonable to demand that these issues are

addressed and acknowledged especially when a piece of

work has the potential to refocus the field.

In this context, a recent study evaluating reputation

assessment of scientists is quite compelling.15 This study

demonstrated that both peer and public assessments of sci-

entists were based more on how they pursued knowledge,

not whether their initial results were true. When comparing

a scientist that produced boring but certain results with

another that produced exciting but uncertain results, opin-

ion favored the former despite the belief that more rewards

accrued to the latter.

The second question addressing why and how the flawed

basic observations were accelerated into clinical trials is a

similarly complex one. Health-care innovation is both an

expensive and a lucrative area and there are incentives both

for “inventors” and tech start-ups to be first in class with a

new technology or biologic strategy. With a potential mar-

ket, such as novel heart failure therapy, that is in the billions

of dollars, these incentives are undoubtedly amplified.

Superimposed on this are patient preferences and also insti-

tutional needs to be the innovative center within a commer-

cial market in order to magnify visibility and by extension,

market share. The rush to advance this plausibly unproven

approach was likely driven by a number of these factors

and it is hard to know how to impose some checks on this

tendency going forward. In defense of the spate of clinical

trials that were launched, aside from small sample sizes that

were dictated by cost, they seem to have been conducted

ethically with appropriate data and safety monitor controls.

What is puzzling in retrospect is why, following publication

of negative study results, the approach was not to re-exam-

ine the scientific premise but rather to make a design modi-

fication and then to proceed with another trial. Certainly,

while unbiased peer review and oversight is important in

checking this instinct going forward, it is equally important

to establish that conflicts of interest, overt and subtle,

among the key thought leaders driving the technology are

acknowledged and accounted for.

Why wasn’t the scientific community more overtly skep-

tical of the cardiac regenerative strategy? The answer might

be that the larger community was in fact skeptical. In this

regard, I am once again struck by the reproducibility litera-

ture whereby a “predictive market” of informed but not
conflicted scientists can be engaged to predict the outcomes

of reproducibility studies.16 These markets perform

extremely well and may be a low-cost approach to inform-

ing “go/no-go” decisions around new technologies. A pre-

dictive market was never engaged to evaluate the

likelihood that an additional stem cell trial would be strik-

ingly positive in the face of prior negative studies but it is

certainly plausible that had it been, a healthy and pervasive

skepticism might have manifested.

So where does this leave us? I would argue that there are

lessons that can be learned: journals and journal editors

inclined to publish high-profile/high-impact studies should

demand statistical rigor, transparency around study registra-

tion, and prespecified analytical plans and whenever possible

access to primary data. Reviewers and editors need to take

their responsibilities to provide unbiased scientific oversight

very seriously. When knowledge moves from discovery to

clinical translation, there is even more need to evaluate overt

and covert conflict, and whenever possible to divorce the

financial implications of a project from its scientific integrity.

Finally, it is intriguing to consider that studies that seem

“too good to be true” when evaluated by a predictive market,

might well be nonreproducible and that this needs to be rigor-

ously tested. Scientific investigation is very hard to do and

even in the best of circumstances, scientific conclusions are

subject to reassessment in light of additional data. However,

we live in an era when even the hint of impropriety can poison

a dialogue and the risk is that bias can negate fact. In light of

this, it is critical that we hold to fundamental principles of

scientific rigor and integrity.
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