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Driving Progress in Posttraumatic Stress Disorder
Biomarkers
Posttraumatic stress disorder (PTSD) is a common, debilitating
disorder that affects w8% of the U.S. population, with even
higher estimates of w20%, in U.S. veterans of Afghanistan
and Iraq (1). Although psychotherapeutic and pharmacological
interventions can signiﬁcantly reduce PTSD symptoms, there
remains considerable room for improvement (2,3). Only two
pharmacological therapeutics, sertraline and paroxetine, have
been approved by the U.S. Food and Drug Administration
(FDA) for PTSD (2). Response to these selective serotonin reuptake inhibitors rarely exceeds 60%, and only 20% to 30% of
patients achieve complete remission of symptoms (3). Thus,
harnessing a better understanding of the biological underpinnings of this heterogeneous disorder and identifying
biomarkers of PTSD and trauma-related brain disorders that
can stratify the patient population and predict treatment
response are overdue for enabling the development of novel
therapeutics and precision medicine approaches (4–6).
In May 2017, Cohen Veterans Bioscience, in partnership
with the U.S. Army Medical Materiel Development Activity,
National Institute of Alcohol Abuse and Alcoholism, and the
FDA, hosted a consensus conference in Washington, DC. This
meeting brought together key thought leaders to evaluate
challenges in developing novel diagnostics and interventions
for trauma-related brain disorders. The consensus reached at
the conference noted that biomarkers are essential components of drug discovery and development and are needed to
advance molecular taxonomies of brain disorders; however,
inadequately powered studies and a lack of replicated ﬁndings
in putative biological pathways have delayed progress in this
space. Moreover, the regulatory process for qualifying and
validating biomarkers is lengthy and complex.
Participants at the PTSD consensus conference recognized
an opportunity for large-scale, industrialized analysis of bioﬂuid samples together with clinical, genetic, physiological, and
imaging data in pursuit of biomarker discovery and replication.
Substantial data in these domains are available from many
large cohorts, which can enable the creation of large, systems
biology–oriented datasets using banked samples. Implementing a strategic roadmap—developed around the following key
pillars—will facilitate the discovery, replication, validation,
qualiﬁcation, and clinical deployment of PTSD biomarkers:
First, incentives for large-scale collaboration and publicprivate partnerships are needed to bring together key stakeholders from academia, government, industry, nonproﬁts, and
patient advocacy groups in national and international precompetitive efforts to develop critically needed infrastructure
for biomarker discovery and replication.
Second, the path to regulatory approval necessitates the
reﬁnement of speciﬁc clinical contexts of use/intended use,
i.e., a clear description of the way the biomarker will be used
and the general purpose for the “test”/medical device along
with risk-beneﬁt assessments (7).
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Third, removing barriers to big data science is necessary.
The ﬁeld must create “big” biomarker datasets to reproduce
biomarker discoveries, incorporating appropriate power calculations into the statistical analysis plan.
Fourth, best-in-class infrastructure for data collection,
harmonization, analysis, and sharing must be developed and
utilized to pursue large-scale discovery of biomarkers to support
drug development. Statistical analyses should be anchored to
consistent neurobehavioral and multisystem biological constructs. As the volume of data increases, leveraging the latest
advancements in machine learning (e.g., causal modeling, deep
learning) is expected to increase the chance of successful
replication and prospective validation.
Cohen Veterans Bioscience, in collaboration with different
multi-institutional stakeholders, has formed the Research Alliance
for PTSD/TBI Innovation and Development Diagnostics (RAPIDDx) built on these pillars to accelerate the development, qualiﬁcation, and adoption of biomarkers for PTSD and trauma-related
brain disorders (Figure 1). Launched in February 2018, RAPID-Dx
aims to be a platform for connecting researchers across public
and private institutions to work together precompetitively with the
necessary resources and joint goals to accomplish these goals.
In summary, the discovery and replication of biomarkers in
PTSD and other trauma-related brain disorders represent critical
steps for addressing the enormous biological heterogeneity of
PTSD, which has challenged previous therapeutic development
programs. Many biomarkers published in the literature have not
been independently replicated, while many other studies are
underpowered, often owing to a lack of resources or other factors. Given that biomarker development is a time-consuming
and resource-intensive process, RAPID-Dx is actively working
to create the critical infrastructure needed to support publicprivate partnerships in the PTSD space. Moving into 2019,
RAPID-Dx has convened Working Groups to prioritize contexts
of use to pursue, evaluating bioassay platforms for biomarker
discovery, implementing best practices in sample collection and
handling, and harmonizing data across cohorts in the state-ofthe art BRAIN Commons (www.braincommons.org)—all of
which will ultimately support biomarker discovery and replication. By working together, key stakeholders from academia,
government, industry, nonproﬁts, and patient advocacy groups
can more effectively achieve a common goal of developing
biomarkers for trauma-related brain disorders in years rather
than in decades and, in turn, accelerate the development of
diagnostic tests and therapeutic interventions for PTSD.
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Figure 1. The Research Alliance for PTSD/TBI
Innovation and Development Diagnostics (RAPIDDx) Roadmap is divided into four stages: infrastructure development, biomarker discovery,
biomarker replication, and clinical implementation.
First, infrastructure development involves the formation of public-private partnerships to share data
across cohorts and provide funding for each step,
consideration of speciﬁc clinical contexts of use to
pursue, evaluation of bioassays to select best in
class, industrialized platforms for biomarker discovery, implementation of best practices in samples
collection, handling, and analytical approaches,
consolidation of data into a single data commons
(such as BRAIN Commons [http://braincommons.
org]) for deployment of large-scale analytics across harmonized datasets. Second, biomarker discovery will rely on the infrastructure developed in the ﬁrst
step, utilizing robust assays from platform evaluations, speciﬁc and targeted contexts of use, and accompanying statistical analyses plans to ensure statistical
power, robustness, and replicability. Third, biomarker replication will build on discovery studies to validate assays and clinical contexts of use, complemented
by the guidance of regulatory partners. Last, robust, replicated biomarkers will be developed further for clinical implementation through pursuit of regulatory
approval, attainment of widespread reimbursement, and adoption into clinical practice.

Acknowledgments and Disclosures
We thank our academic and government partners—speciﬁcally, Drs. Dewleen Baker (University of California, San Diego), Bipasa Biswas (FDA),
Katrina A. Gwinn (FDA), Michael Hoffman (Food and Drug Administration),
Stuart Hoffman (Department of Veterans Affairs), Ron Hoover (Department of
Defense), Elyse R. Katz (Department of Defense), Daniel M. Krainak (FDA),
Chris Leptak (FDA), Carlos Pena (Food and Drug Administration), Rachel
Ramoni (Department of Veterans Affairs), Kerry Ressler (Harvard University),
Kara Schmid (Department of Defense), Arieh Y. Shalev (New York University), and Aaron M. White (National Institute on Alcohol Abuse and Alcoholism/National Institutes of Health)—for attending and/or presenting at the
RAPID-Dx Consensus Conference held in Washington, DC, in May 2017 and
offering their insights into the current landscape of PTSD biomarkers.
AJ, NPD, ACP, HCL, LL and MH are employed by Cohen Veterans
Bioscience Inc., a nonproﬁt public charity research organization. The other
authors report no biomedical ﬁnancial interests or potential conﬂicts of
interest.

California; and the Department of Psychiatry (PG), Perelman School of
Medicine of the University of Pennsylvania, Philadelphia, Pennsylvania.
Address correspondence to Andreas Jeromin, Ph.D., 535 8th Avenue,
12th Floor, New York, NY 10018; E-mail: andreas.jeromin@cohenbio.org.
Received Dec 3, 2018; revised Jul 21, 2019; accepted Jul 23, 2019.

References
1.

2.

3.

Article Information
From Cohen Veterans Bioscience Inc. (AJ, HCL, ACP, NPD, LL, MH), New
York, New York; Department of Psychiatry (NPD), McLean Hospital, Harvard
Medical School, and Department of Psychiatry (RM), Harvard Medical
School, Boston; National Center for PTSD (BPM), Translational Research
Center for TBI and Stress Disorders (RM), and Geriatric Research, Education, and Clinical Center (RM), Veterans Affairs Boston Healthcare System,
Boston; and Department of Psychiatry (BPM), Boston University School of
Medicine, Boston, Massachusetts; Department of Psychiatry and Behavioral
Sciences (AE) and Wu Tsai Neurosciences Institute (AE), Stanford University,
Stanford; and Sierra Paciﬁc Mental Illness, Research, Education, and Clinical Center (AE), Veterans Affairs Palo Alto Healthcare System, Palo Alto,

e2

Biological Psychiatry - -, 2019; -:-–- www.sobp.org/journal

4.

5.

6.
7.

Kessler RC, Sonnega A, Bromet E, Hughes M, Nelson CB (1995):
Posttraumatic stress disorder in the National Comorbidity Survey. Arch
Gen Psychiatry 52:1048–1060.
Krystal JH, Davis LL, Neylan TC, Raskind AM, Schnurr PP,
Stein MB, et al. (2017): It is time to address the crisis in the
pharmacotherapy of posttraumatic
stress disorder:
A
consensus statement of the PTSD Psychopharmacology
Working Group. Biol Psychiatry 82:e51–e59.
Holdeman TC (2009): Invisible wounds of war: Psychological and
cognitive injuries, their consequences, and services to assist recovery.
Psychiatr Serv 60:273.
Pitman RK, Rasmusson AM, Koenen KC, Shin LM, Orr SP,
Gilbertson MW, et al. (2012): Biological studies of post-traumatic stress
disorder. Nat Rev Neurosci 13:769–787.
Yehuda R, Hoge CW, McFarlane AC, Vermetten E, Lanius RA,
Nievergelt CM, et al. (2015): Post-traumatic stress disorder. Nat Rev Dis
Primers 1:15057.
Shalev A, Liberzon I, Marmar C (2017): Post-traumatic stress disorder.
N Engl J Med 376:2459–2469.
FDA-NIH Biomarker Working Group (2016): BEST (Biomarkers,
EndpointS, and other Tools) Resource. Silver Spring and Bethesda,
MD: Food and Drug Administration and National Institutes of
Health.

