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1 | INTRODUCTION

In 2014, one of us (JPAI) wrote a viewpoint article coining
the term “stealth research” for touted biomedical innovation
happening outside the peer‐reviewed literature in a confusing
mix of “possibly brilliant ideas, aggressive corporate
announcements, and mass media hype”.1 These reflections
were prompted by Theranos, a medical diagnosis start‐up
company; Theranos had not published any peer‐reviewed
papers,1 but made claims that its technology would “disrupt
medicine.” However, in contrast to the tech sector, in health-
care published peer‐reviewed research is essential to ensure a
minimum threshold of transparency, accountability and cred-
ibility for the underlying work in the scientific community.

The viewpoint article on Theranos and its stealth
research was reviewed at JAMA, eventually accepted on
December 2014 and published in February 2015.1 Theranos
at that time had the highest valuation ($9Bn) of all health-
care‐related “unicorns” (venture capital‐backed companies
with valuations over $1Bn).2 No one else had questioned

Theranos up to that date.2 The company and its CEO enjoyed
immense popularity and admiration in news, entrepreneurial,
government and academic circles. There was considerable
pushback, and the general counsel of Theranos tried to con-
vince JPAI to meet with the Theranos CEO and co‐author an
editorial for a major journal recanting his previous positions
about Theranos and dismissing the need for peer‐reviewed
publications.3 Several months later, in October 2015, Wall
Street Journal's John Carreyrou initiated a series of superb
investigative pieces revealing Theranos’ involvement in
underhanded practices4 and downright fraud. His investiga-
tive work has been compiled in the bestselling exposé, Bad
Blood: Secrets and Lies at a Silicon Valley Startup,5 which
characterizes Theranos as an overt fraud and its CEO as a
sociopath. When a company crumbles, a narrative premised
on exceptionalism is seductive. However, fraud claims aside,
are other unicorns significantly different from Theranos in
terms of stealth research?

It would be tempting to dismiss the Theranos case as
just one rotten apple. However, we worry that the focus on
fraud puts aside a more fundamental concern. Fraud is
making waves in the news, but stealth research may have a
more detrimental impact. Healthcare start‐ups are a majorCristea and Cahan are equal contributor and share first authorship.

Received: 22 January 2019 | Accepted: 22 January 2019

DOI: 10.1111/eci.13072

Eur J Clin Invest. 2019;49:e13072.
https://doi.org/10.1111/eci.13072

wileyonlinelibrary.com/journal/eci © 2019 Stichting European Society for Clinical
Investigation Journal Foundation

| 1 of 7

https://doi.org/10.1111/eci.13072
http://www.wileyonlinelibrary.com/journal/ECI
http://crossmark.crossref.org/dialog/?doi=10.1111%2Feci.13072&domain=pdf&date_stamp=2019-02-13


force in biomedical innovation, positioned to make revolu-
tionary discoveries. They are considered a more adaptable
and dynamic alternative to the conservative, risk‐averse
business model of incumbent pharmaceutical and other
health‐related companies.6 As of December 2017, there
were 222 unicorns with an aggregate valuation of
$775Bn.7 We worry that stealth research may reflect a
more systemic state of affairs among unicorns.

To map the expanse of stealth research among health-
care unicorns, we conducted a large‐scale systematic exam-
ination of the published research output that has been co‐
authored with their direct participation. We aimed to under-
stand whether these highly visible unicorns published peer‐
reviewed articles and whether they publish highly cited
articles. We further examined how the peer‐reviewed publi-
cation records of unicorns compared against start‐ups with
lower valuations. Finally, we assessed whether founders or
board members were scientists with a high citation impact
in the scientific literature, or whether highly‐cited scientists
were recruited to advisory boards.

We consulted public lists of current and venture capital‐
backed exited unicorns, listed under “industry=healthcare”
on the CBInsights platform7,8 (7 November 2017) and
selected all start‐ups with products germane to health or
patient care. We searched PubMed through November
2017 for papers carrying each start‐up's current or past
name(s) as affiliation. We extracted citation counts for all
papers from the Web of Science database using the
Advanced search option with PMIDs (extracted automati-
cally with Easy PubMed R) 9 and manual search for papers
lacking PMIDs. Papers with at least 50 citations were pre‐
specified as highly cited. Valuations were extracted from
the CBInsights platform.

2 | UNICORN INVOLVEMENT IN
PEER‐REVIEWED RESEARCH

Our analysis included 18 current and 29 exited unicorns
(Table 1). The former engaged predominantly in the
domains of digital health (6/18), artificial intelligence (2/
18), personal genomics (2/18) or messenger RNA (mRNA)
therapeutics (2/18), while the latter primarily addressed tra-
ditional therapeutics (24/29), in particular, oncology
(n = 13), cardiovascular (n = 4) and immunotherapy
(n = 3).

Unicorns published 425 PubMed papers. Only 34 (8%,
including two reviews) were highly cited. For exited uni-
corns, we identified 413 papers, of which 47 (11%, includ-
ing nine reviews) were highly cited. Overall, more than
half of the current unicorns (10/18) and almost 40% of the
exited unicorns (12/29) had no highly cited papers. Over
the entire cohort of companies, we identified no association
between company founding year and number of published

(r = −0.09, P = 0.51) or highly cited papers (r = −0.08,
P = 0.57).

Three unicorns (Outcome Health, GuaHao and Oscar
Health) had no published papers, and two more (Clover
Health, Zocdoc) had published just one. All five were in the
domain of digital health. Among exited unicorns, five (Eno-
bia Pharma, Neotract, Qualicorp, Cameron Health and China
Nuokang Biopharmaceutical) had no published papers and
two (Flexus Biosciences and Cardioxyl Pharmaceuticals) had
just two. 23andMe (107 articles) and Adaptive Biotechnolo-
gies (89 articles) published almost half of all unicorn papers.
No similar disproportionality existed for exited unicorns.

Some papers with company affiliations may not neces-
sarily reflect the core effort of these companies, but inci-
dental contributions to projects tangential to the company's
core aims. Six unicorns had at least one highly cited paper
relevant to the company's work, while the highly cited
papers of Human Longevity and iCarbonX seemed unre-
lated and bore no mention of the company's contribution.
Of the 34 papers, the 16 highly cited were genetic associa-
tion studies, and none, except a retrospective analysis,
described trial data. For exited unicorns, two top‐ranking
companies published 11 (Fibrogen) and 9 (Ironwood Phar-
maceuticals) highly cited papers; 22 of the 43 highly cited
papers represented basic/preclinical research, 13 were phase
I or II trials, and 1 was a phase III.

3 | HIGHLY VALUED COMPANIES
WITH FEW OR NO HIGHLY CITED
PAPERS: CASE STUDIES

Overall, there was a negative, non‐statistically significant
association between company valuation and number of
published (r = −0.16, P = 0.28) or highly cited papers
(r = −0.17, P = 0.25). We scrutinized companies with a
high valuation and very few or no highly cited papers.

Key messages
� Start‐ups are widely accepted as key vehicles of innovation

and disruption in healthcare, positioned to make revolutionary

discoveries.
� Most of the highest‐valued start‐ups in healthcare have a lim-

ited or non‐existent participation and impact in the publicly

available scientific literature.
� The system of peer‐reviewed publishing, while imperfect, is

indispensable for validating innovative products and technolo-

gies in biomedicine.
� Healthcare products not subjected to peer‐review but based

on internal data generation alone may be problematic and

non‐trustworthy.
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TABLE 1 Characteristics of healthcare‐related start‐ups (unicorns/U and exited unicorns/E)

Start‐up
U/
E Country

Year of
founding Domain

Current/exit
valuation
($Bn)

Total
papers
(PubMed)

Papers >/= 50
citations (Web of
Science)

Intarcia Therapeutics (previous
Biomedicines)

U US 1995 Drug delivery 5.5 6 0

Outcome Health (previous
ContextMedia Health)

U US 2006 Digital health 5 0 0

United Imaging Healthcare U China 2011 Medical equipment 5 3 0

Otto Bock Healthcare U Germany 1919 Prosthetics 3.5 47 4

Moderna Therapeutics U US 2010 messenger RNA
therapeutics

3 16 1

Oscar Health Insurance U US 2013 Digital health 2.7 0 0

Zocdoc U US 2007 Digital health 1.8 1 0

CureVac U Germany 2000 messenger RNA
therapeutics

1.65 34 5

Oxford Nanopore
Technologies (previously
Oxford NanoLabs)

U UK 2005 DNA sequencing 1.55 15 2

GuaHao (also Weiyi, We
Doctor)

U China 2010 Digital health 1.5 0 0

23andMe U US 2006 Personal genomics 1.5 107 16

Clover Health U US 2014 Digital health 1.2 1 0

Flatiron Healtha U US 2012 Digital health 1.2 29 0

Human Longevity U US 2013 Personal genomics/
Personalized health

1.2 44 1

Proteus Digital Health U US 2001 Ingestible sensor 1.1 14 0

benevolent.ai (previously
Stratified Medical)

U UK 2013 Artificial intelligence 1 9 0

iCarbonX U China 2015 Artificial intelligence 1 10 1

Adaptive Biotechnologies
(previously Adaptive TCR)

U US 2009 Immunosequencing 1 89 5

Stemcentrx E US 2008 Oncology drugs 10.2 18 1

Acerta Pharma E NL 2013 Oncology drugs 7.27 9 1

eviCore Healthcare (previously
CareCore National)

E US 1994 Healthcare management 3.6 6 0

Boston Biomedical E US 2007 Oncology drugs 2.63 8 3

Cardioxyl Pharmaceuticals E US 2005 Cardiovascular disease
treatments

2.08 2 0

Juno Therapeutics (previously
FC Therapeutics)

E US 2013 Oncology
immunotherapy

1.87 21 0

Novocure E UK 2000 Oncology drugs 1.82 19 4

Alios BioPharma E US 2006 Viral disease drugs 1.75 27 0

Seragon Pharmaceuticals E US 2013 Oncology drugs 1.73 6 1

Liberty Dialysis E US 2002 Dialysis services 1.7 3 0

Ikaria E US 2006 Critical care 1.6 14 3

Dezima Pharma E NL 2012 Dyslipidemia drugs 1.55 3 1

(Continues)
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Stemcentrx, bought in 2016 by AbbVie for $10.2 Bn,
was the second largest private VC‐backed acquisition in
history.10 The company has 16 published papers, and one
highly cited one, describing preclinical research on a mono-
clonal antibody in tumour models. However, effectiveness
results for Rova T, the targeted antibody drug, have so far
been inconclusive,11 with a recent delay imposed by the
FDA on the read‐out of its phase II trial.12

Acerta Pharma (valued at $7.3 Bn upon acquisition by
AstraZeneca) recently received accelerated approval for

acalabrutinib for mantle cell lymphoma,13 a rare malignancy.
The company has nine published and one highly cited paper,
an uncontrolled phase I/II trial for relapsed chronic lympho-
cytic leukaemia. Further results are pending for trials on this
more common condition. The rare mantle cell lymphoma
alone would not justify a high valuation. No less concerning
is that, following a recent data retraction, AstraZeneca admit-
ted that Acerta fabricated preclinical data for acalabrutinib.14

The highest‐valued unicorn ($5.5 Bn), Intarcia, had six
published papers, none surpassing 50 citations. The

TABLE 1 (Continued)

Start‐up
U/
E Country

Year of
founding Domain

Current/exit
valuation
($Bn)

Total
papers
(PubMed)

Papers >/= 50
citations (Web of
Science)

Intrexon (previously
Genomatix Ltd)

E US 1998 Genetic engineering 1.52 25 0

GANYMED Pharmaceuticals E Germany 2001 Oncology drugs 1.4 16 1

Cameron Health E US 2000 Implantable cardiac
defibrillator

1.3 0 0

Flexus Biosciences (also FLX
Bio)

E US 2013 Oncology
immunotherapy

1.25 2 1

Afferent Pharmaceuticals E US 2009 Neurogenic disorders
drugs

1.25 12 2

China Nuokang
Biopharmaceutical

E China 1997 Cardiovascular &
hematological disease
treatments

1.2 0 0

Qualicorp (previously QC
Holding I Participacoes)

E Brazil 1997 Healthcare management 1.2 0 0

Adaptimmune E UK 2008 Immunotherapy 1.17 20 2

Pearl Therapeutics E US 2006 Respiratory disease drugs 1.15 20 1

Neotract E US 2004 Medical devices in
urology

1.1 0 0

Taigen Biotechnology E Taiwan 2001 Oncology, infectious
disease & diabetes
drugs

1.1 10 0

Enobia Pharma (previously
BioMep)

E CAN 1997 Genetic bone disorder
drugs

1.08 0 0

Ironwood Pharmaceuticals
(previously Microbia)

E US 1998 Gastrointestinal &
metabolic disease
treatment

1.07 52 9

Aragon Pharmaceuticals E US 2009 Oncology drugs 1 7 1

BioVex E US 1999 Oncology & chronic
disease vaccines

1 12 2

Aduro BioTech (previously
Oncologic, Inc)

E US 2000 Oncology vaccines 1 36 3

Fibrogen E US 1993 Oncology, fibrosis &
anemia drugs

1 65 11

The list is based on data from the CBInsights Platform (search 11/7/2017) for industry = healthcare. Some additional potentially relevant start‐ups may be listed
under other types of industry, but these also seem to have thin or no publication records, for example, Grail (genomics) has eight papers (0 highly cited), Castlight
Health (internet) has three papers (0 highly cited), Veeva (internet) has zero papers.
aPost‐dating our search, Flatiron Health has been acquired and is listed as a VC‐backed exited unicorn as of 2/15/2018.
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manufacturing plan for its ITCA 650 device was rejected
by the FDA.15 The company did not disclose the reasons
for rejection, nor how and when it plans to address them.

Outcome Health and United Imaging Healthcare ranked
next to Intarcia in valuation ($5 Bn each), but neither had
any highly cited papers. Outcome Health has no published
papers. Wall Street Journal claimed it misled advertisers, pro-
viding inflated and inaccurate data about the performance of
its products.16 These (eg, wallboards) had already been in
use in several hospitals or medical practices despite no data
about their use.17 The company was forced to let off employ-
ees, offer buyouts to more than a third of its workforce and
settle two lawsuits—one of which was instigated by promi-
nent investors; it ousted its founders first from their positions
as CEO and president and then completely from the board.18

Investors, customers and professional associations that pro-
vided content, like the American Medical Association, dis-
tanced themselves from the company.18 Little media
information is available for United Imaging Healthcare,
except for accusations of bribery in exchange for insider
information on federally funded research.19

4 | PARTICIPATION IN PEER‐
REVIEWED RESEARCH OF LESSER‐
VALUED COMPETITORS

Does the dearth of peer‐reviewed research apply only to
unicorns or does it also extend to start‐ups with lesser valu-
ations? To answer this question, we assembled a list of
non‐unicorn start‐ups matched for year of founding and
industry, from the free‐access platform Owler. We searched

each present unicorn on Owler and isolated competitors
founded within one calendar year of the target unicorn,
with lesser total funding. We extracted information about
published papers and citations for matched competitors.

Matched competitors were identified for 10/18 unicorns
(Table 2). The index unicorn had published more PubMed‐in-
dexed papers than the competitor in seven cases, and in three
pairs, both companies published no papers (Wilcoxon signed‐
rank P = 0.01; P = 0.02 for highly cited papers). The 10
competitors cumulatively published 45 papers, but only one
published more than 10. Therefore, the dearth of publications
extends to (or perhaps is amplified in) competitors with less
funding. Most start‐ups apparently do not publish much.

5 | INFLUENTIAL SCIENTISTS’
INVOLVEMENT WITH UNICORN
COMPANIES

Some start‐ups publish few papers, but their founders or
leaders may be influential scientists. If so, this could osten-
sibly offer indirect reassurance. One may argue that these
scientists have a “track record,” and thus, their current
start‐up work warrants credibility. However, we did not
find strong support for this possibility. For each current
unicorn, we reviewed the company website (July 2018) to
identify all individuals listed as founders, leadership, mem-
bers of the board of directors or the scientific advisory
board. We then cross‐checked each individual against a
published list of the 84 116 most highly cited scientists,
compiled from Scopus.20 The list includes all scientists
(across disciplines) who are among the top 30 000 in at

TABLE 2 Unicorns matched with competitor start‐ups

Unicorn

Matched start‐up

Company Typea Year
Total funding
($ Bn)

Total papers
(PubMed)

Papers >/= 50
citations
(Web of Science)

Outcome Health Vitals/MDX Medical Late stage venture 2007 0.086 0 0

Moderna Therapeutics Panoptica Early stage venture 2009 0.086 1 0

Oscar Health Insurance Collective Health Late stage venture 2013 0.119 0 0

ZocDoc Vitals/MDX Medical Late stage venture 2007 0.086 0 0

Oxford Nanopore
Technologies

Nabsys Late stage venture 2004 0.06 2 1

GuaHao/Weiyi Chunyu Yisheng Private equity 2011 0.236 0 0

23andMe Counsyl Early stage venture 2007 0.177 35 2

Human Longevity Xcelthera NI 2013 NI 7 0

iCarbonX SayKara Seed 2015 0.002 0 0

Adaptive Biotechnology iRepertoire NI 2009 NI 0 0

For Intarcia Therapeutics, the only eligible competitor identified, Sangamo Therapeutics was post‐IPO and consequently excluded.
NI, no information.
ahttps://www.bloomberg.com.
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least one of 6 different citation indicators for the impact of
their published work in 2013.

Founders were identified for 13/18 unicorns, and in
three cases (Oxford Nanopore Technologies, Human Long-
evity, iCarbonX), these were highly cited scientists. Infor-
mation on leadership and board of directors was available
in 17/18 unicorns. In 10 (55%), there were no highly cited
scientists in the leadership or boards. Two unicorns had 1
highly cited scientist, 4 had two such scientists and 1 had
three. Information about scientific advisory boards was
available for only 4/18 unicorns: Adaptive Biotechnology
(including 14 highly cited scientists), Moderna Therapeu-
tics (9 highly cited scientists), Human Longevity (8 highly
cited scientists) and CureVac (5 highly cited scientists).

Scientific advisory boards may be more populated with
highly cited scientists, but information about their composi-
tion was frequently missing from most company websites.
Moreover, the role of scientific advisory boards in the com-
pany's research and development remains opaque.

6 | STEALTH INNOVATION OR
PEER‐REVIEWED RESEARCH?

We discovered that, overwhelmingly, the highest‐valued
healthcare start‐ups (unicorns), past or present, contribute
minimally to relevant, high‐impact published research.
Competitors with less funding probably publish even less.
Moreover, a company's valuation was unrelated to its publi-
cation record. Many unicorns may be overvalued21 and sub-
ject to unrealistic scientific expectations. High‐valuation
companies that publish little or nothing in the peer‐reviewed
literature may still have patents related to their products.
One may argue that patents undergo rigorous evaluation.
However, patents do not offer the same level of documenta-
tion as peer‐reviewed articles. For example, Theranos had
over 100 patents,1 but these were unable to supplant the
vacuum in their evidence. Conversely, some founders of
start‐ups may publish other work without the start‐up affili-
ation. However, it is unlikely that this work can be consid-
ered directly relevant to the start‐up. Moreover, few highly
cited researchers were identified as founders.

Publishing is clearly not the primary mission of start‐ups.
The need to spend time to write, submit, revise and publish
papers may even be seen as a deviation from the trajectory of
disruptive innovation. Further disincentive arises from the
fact that peer‐reviewers may be resistant to new ideas. Nev-
ertheless, when technologies and products influence real‐
world health outcomes, peer‐reviewed publication is essen-
tial. There is no need for numerous papers. Discrete pivotal,
high‐impact articles would suffice. Peer‐reviewed publica-
tion does not necessarily entail making the company's algo-
rithms and technology available for public, non‐commercial
use for free. Indeed, patents secure protections for

commercial rights. Companies may alternatively contribute
to research by validating their widgets, without divulging all
technical details. Start‐ups can also increase their participa-
tion in peer‐reviewed research through collaboration with
academic centres in a supporting role. They can likewise
contribute their widgets to other scientists’ investigations.
For instance, had Theranos contributed its blood testing tech-
nology to studies with other researchers, essential issues
could have been detected earlier. In fact, when a team of
investigators used the Theranos technology to run 22 com-
mon lab tests versus the same tests run with other companies’
technologies, the problematic error rates became manifest.22

Finally, one strategy is to withhold significant publica-
tions until successful validation from agencies such as the
Food and Drug Administration (FDA) or the European
Medicines Agency (EMA). This stance assumes that clear-
ance from these agencies will ultimately occur—without
asterisks. However, rejection letters are confidential, and
stakeholders may lack access to the submitted data or reasons
for rejection. Intarcia, the highest‐valued unicorn in our
search, offers a cautionary tale. After the FDA's rejection of
the ITCA 650 device application, Intarcia dismissed 20% of
its workforce and terminated two ongoing Phase III trials,23

publicly attributing this to an “out‐of‐specification” result in
the long‐term stability and sterility of its pumps. In compar-
ison, a manufacturing warning letter obtained through public
records request by the Boston Business Journal revealed that
the FDA had expressed serious manufacturing concerns with
ITCA 650, including risk of microbiological contamination
from lax processes of disinfection.24

Start‐ups are key purveyors of innovation and disrup-
tion. Consequently, holding them to a minimal standard of
evaluation from the scientific community is crucial. Partici-
pation in peer‐review, with all its limitations, is the best
way we have to uphold this standard. We are not arguing
that start‐ups should divert excessive resources to having
peer‐reviewed papers. However, when their products are
destined to affect patient health, they should neither be
solely doing marketing. Confidential data sharing with
potential investors or regulators cannot replace more open
scrutiny by the scientific community. Transparently
reported research does not threaten proprietary rights to
innovation under patent protection.
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